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Contribution of tree uprooting to the evolution of hillslopes and soils - on the examples from the Sudetes
Mts., SW Poland

PAWLIK L.(1), MIGON P.(1), KACPRZAK A.(2)
(1) University of Wroclaw, WROCLAW, POLAND ; (2) Jagiellonian University, CRACOW, POLAND

Forest dynamics is an important factor of geomorphic change within the forested hillslope domain. Self-
organization of forest community is controlled by various kinds of disturbance (e.g. fire, wind) which occur during
the lifespan of trees. These disturbances initiate structural changes in the forest which in turn activate and/or
alter the course of surface processes and have direct impact on forest soils. Tree uprooting is a major biotic
factor influencing geomorphological and pedological processes in the forest and we aimed to recognize its
geomorphic role in the forested environment of the Sudetes (SW Poland).

Our results indicate that tree uprooting is widespread and causes an increase in surface roughness of the forest
floor, giving origin to specific associations of microforms called pit-and-mound microtopography. It also results in
uneven redistribution of soil material and alters the stratigraphy of inherited Pleistocene slope materials. There
are long lasting consequences for sediment transport, water retention, accumulation of organic matter and plant
succession. These processes control soil evolution, which in turn makes the investigation of soil profiles a useful
tool to infer the origin and age of pits and mounds within slopes.

Even if distinct pit-and-mound forms are no longer observed, we propose that tree uprooting may have been the
process initiating further re-shaping of slope morphology, ultimately leading to step-like hillslope profiles
(teracettes) and the appearance of stone blankets on slopes, usually attributed to periglacial processes in the
Pleistocene.

Our studies show that tree uprooting occurs at two scales. One is catastrophic, connected with single events
affecting large sections of hillslopes, while the other one is connected with fall of individual trees. The latter,
although less spectacular, may also lead to significant transformations of hillslopes and slope materials, including
soils, over the time scale of the entire Holocene.
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What do organisms do on rocks? A multi-methods approach to evaluating biodeterioration
and bioprotection in the critical zone

COOMBES M.(1), NAYLOR L.(2), VILES H.(1), GOWELL M.(1)

(1) University of Oxford, OXFORD, UNITED KINGDOM ; (2) University of Exeter, PENRYN (CORNWALL),
UNITED KINGDOM

There is increasing evidence that some organisms have protective functions with respect to rock decay as well
as contributing to bioweathering and bioerosion. The challenge, therefore, is evaluating the relative importance of
these conflicting roles so that a balanced judgement can be made about their overall geomorphic function. This is
particularly true when making management decisions (e.g. whether to remove an organism to minimise decay, or
encourage further colonisation to facilitate bioprotection).

We describe an approach in which multiple methods are used in a coordinated way in the assessment of the
impact of macroorganisms on rock decay in the coastal zone. Field monitoring, laboratory simulation and
microscopy are used to evaluate the influence of seaweeds and barnacles on: weathering conditions (i.e.
microclimates); the efficiency of particular deterioration processes (i.e. salt weathering); changes in material
properties (i.e. hardness) and; the direct breakdown of colonised materials (e.g. decay artefacts and loss of
mass).

We conclude that the relative importance of the studied organisms for bioprotection and biodeterioration is
heavily contingent on rock type and local environmental conditions, consequently varying in time and space. This
makes generalisations about their bioprotective or biodeteriorative roles especially difficult. However, our
observations indicate that marine epibiota can have a significant role in reducing the efficiency of mechanical
decay processes. From the perspective of environmental management, if particular decay mechanisms or modes
of breakdown are known to be paramount (e.g. loss of material strength for a coastal structure, or ingress and
egress of moisture for a historic stone wall), methods of evaluating the role of organisms in decay and protection
can be more effectively targeted (e.g. direct measurement of rock strength or stone moisture regimes,
respectively).
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Landscape self-organization of tidal floodplains by bio-geomorphic feedbacks between vegetation
growth, flow hydrodynamics and sedimentation-erosion

TEMMERMAN S.(1), VANDENBRUWAENE W.(1), DIJKSTRA J.(2), VAN DUREN L.(2), DE VRIES M.(2), VAN
DE KOPPEL J.(3), HERMAN P.(3), BOUMA T.(3)

(1) University of Antwerp, ANTWERP, BELGIUM ; (2) Deltares, DELFT, NETHERLANDS ; (3) Royal Netherlands
Institute for Sea Research, YERSEKE, NETHERLANDS

Fluvial and tidal floodplains form and evolve as a consequence of bio-geomorphological interactions between
plant colonization, hydrodynamics and sediment transport. We study to what extent these interactions lead to the
spatial self-organization of both geomorphic and vegetation patterns that are observed in a tidal floodplain.
Intertidal flats may be colonized by patches of plants with contrasting morphologies, such as flexible sea grass
species and stiff salt marsh species, and this is expected to have different outcomes on the landscape self-
organization. Firstly, we show results of field and flume experiments, showing so-called scale-dependent
interactions: on a small spatial scale within patches of stiff vegetation, flow velocities are reduced, which
stimulates local sedimentation and has a positive feedback to plant growth; on a larger scale next to vegetation
patches, the flow is accelerated around the patches, which can there initiate channel erosion and have a
negative feedback effect on plant growth. The strength of these scale-dependent feedbacks is much weaker for
flexible vegetations, since they can bend with the flow and in such a way exert less friction on the flow. Secondly,
these effects are up-scaled using a coupled plant growth, hydrodynamic and morphodynamic model, showing
that the patch-scale feedbacks lead to landscape-scale self-organization. For stiff salt marsh vegetation, plant
colonization of an initially bare flat floodplain results in vegetated elevated platforms dissected by a dense
network of non-vegetated channels. For flexible seagrass vegetation, the model shows a more homogeneous
development of vegetation while landform changes are minor. The simulated landscape patterns qualitatively
agree with observations from salt marsh and seagrass landscapes, demonstrating that plant-flow-landform
feedbacks and the morphological properties of plants have a determinant effect on the self-organization of tidal
floodplains.
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How biogeomorphic approaches can be used to identify ecosystem processes and services: using rock
weathering studies as an example

NAYLOR L.(1), COOMBES M.(1), VILES H.(1), GOWELL M.(1), THOMPSON R.(2)

(1) University of Oxford, OXFORD, UNITED KINGDOM ; (2) University of Plymouth, PLYMOUTH, UNITED
KINGDOM

Biogeomorphic processes serve important mediating functions in most geomorphic systems. Key species or
communities have been found to stabilise sediments (e.g. soil crusts, vegetated dunes); alter microclimates (e.qg.
seaweeds); absorb pollutants (e.g. ivy); sequester carbon (e.g. saltmarshes); or increase sediment mobility in
rivers (e.g. crayfish). They are therefore important components of ecosystem processes, which often produce
final ecosystem services (FES) and ultimately goods (G) that have a value (V) to society. For example, wave
attenuation by saltmarshes regulates tidal waters (= FES) providing flood protection (G) for less money with
wider benefits (V) than a hard engineering approach. Our rock weathering research in conservation, urban and
coastal built environments is used to critically examine and quantitatively demonstrate how a biogeomorphical
approach can improve our understanding of ecosystem processes — and identify previously unrecognised
ecosystem services. Thermal and moisture regimes are known to affect mechanical and chemical weathering
rates. Field and experimental trials examining seaweed and barnacle bioprotection have determined that
extremes and fluctuations in temperature in the critical zone are reduced by up to several degrees. vy on
limestone walls provides thermal and hydrological buffering and absorbs pollutants. Soft wall capping of ruined
buildings also has been proven to provide a thermal blanket and act as a sponge reducing moisture ingress to
old, unroofed walls. Biota typically serves to reduce the weathering potential and/or rates of decay; in some
cases biota causes weathering. Thus, biogeomorphic approaches can be used to help identify key ecosystem
processes at the biotic-abiotic interface, which also provide FES. Field and laboratory experiments testing
ecological enhancement of walls demonstrate that these benefits can be encouraged and increased, through
biogeomorphologically influenced engineering designs.
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Poster presentations:

Landscape morphology and the spatial variation of critical zone processes in the luquillo critical zone
observatory of Puerto Rico

SCATENA F.
University of Pennsylvania, PHILADELPHIA, UNITED STATES

It has long been recognized that tropical montane environments exhibit remarkable geologic, hydrologic, and
biogeochemical heterogeneity in critical zone (CZ) properties. To explain this heterogeneity, many researchers
have embraced the conceptual model that critical zone properties, like soil properties, result from a combination
of climate, topography, organisms, parent material, and age. While this general conceptual model has been
widely used in diverse environments, most studies have focused on isolating the influence of one state factor on
a limited number of CZ characteristics. How the spatial distribution of state factors and their inter-relationships
influence multiple critical zone properties across various spatial and temporal scales is poorly constrained. This
paper summarizes a series of inter-related studies conducted in the NSF-funded Luquillo Critical Zone
Observatory (LCZO) in Northeastern Puerto Rico that address the relative importance of different state factors on
a suite of critical zone properties. State factors include 2 distinct bedrocks, 4 forest types, 3 hillslope positions,
and a climate that ranges from subtropical moist to wet. CZ properties including vegetation structure and
composition, soil bulk density, organic matter and exchangeable cations. In general, hillslope position (ridge,
slope, valley) is significantly correlated to stand structure and soil properties in all combinations of lithology,
forest types, and climate. Quartzdiorite vs volcaniclastic lithology have distinct weathering regimes, soil textures,
and exchangeable cations within and between forest types. While bedrock lithology influence soil organic matter
concentrations it has less influence on total soil organic matter content. For most soil properties, combinations of
abiotic state factors can explain between 20-30% of the variance between sites. However, when vegetation type
and stand age are included the amount of variance that can be explained can double.
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Drainage network evolution during the initial phase of ecosystem development - observations from an
artificially-created catchment

RAAB T.(1), SCHNEIDER A.(2), GERKE H.H.(3), MAURER T.(2), NENOV R.(2)

(1) Brandenburg University of Technology , COTTBUS, GERMANY ; (2) Brandenburg University of Technology,
COTTBUS, GERMANY ; (3) Leibniz-Centre for Agricultural Landscape Research (ZALF), MUNCHEBERG,
GERMANY

The initial phase of landform development is characterized by non-equilibrium conditions, high geomorphic
process rates, and high variations in geomorphic patterns and can therefore have a lasting influence on patterns
of soils, hydrology, and biota in developing ecosystems.

This study attempted to reconstruct and analyze the first five years of hydro-geomorphic evolution in the 6 ha
artificial catchment ‘Hiihnerwasser’, which serves as a real world-laboratory to study patterns processes of initial
ecosystem development. The first years of surface development in the catchment were characterized by
intensive sediment redistribution and the formation of a network of erosion rills.

Our approach was based on the analysis of remotely-sensed data. We analyzed morphometry from a time series
of ten Digital Elevation Models (DEMs) and mapped surface structures for four states of development from high-
resolution aerial photographs. DEMs and aerial photographs of the initial surface and meteorological monitoring
data were used to assess the effect of initial and boundary conditions on surface development. Further network
parameters, e.g., energy dissipation in the rill network and connectivity of the surface, were characterized by
combined analyses of rill network maps and DEMs.

After a rapid growth of the erosion rill network during the first two years of development, a reduction of the area
of actively eroding rills was observed. Differences in precipitation characteristics, the growth of vegetation cover,
and locally evolving feedback cycles between flow accumulation and erosion were identified as drivers for this
development. Results of the DEM time series analysis show that geomorphic patterns in the catchment were
established during the first years of development and remained relatively stable afterwards.
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Soil erosion and carbon redistribution in slopes under different lithologies and land uses: the effect of
fires.

MENENDEZ-DUARTE R.(1), SANTIN C.(2), FERNANDEZ S.(1), NAVAS A.(3), GASPAR L.(3)

(1) INDUROT-Oviedo University, MIERES (ASTURIAS), SPAIN ; (2) University of Swansea, SWANSEA
(WALES), UNITED KINGDOM ; (3) Estacion Experimental de Aula Dei(CSIC), ZARAGOZA, SPAIN

Rates of soil erosion and soil carbon redistribution are being studied in slopes under different lithologies and
different land uses in an Atlantic mountain area(Cantabrian range, NW Iberian Peninsula). For this purpose, four
slopes, two with quarzoarenitic bedrock and two with calcareous bedrock have been sampled. Rates of soil
erosion are being quantified by the fallout radionuclide 137Cs. Soil carbon concentrations and characteristics are
been determined by elemental analyses and thermogravimetry-differential scanning calorimetry.

For each of the lithologies, a forested hillside (beech forest) and a hillside covered with scrub (heather) and
herbaceous vegetation was selected. In each hillside, samples were taken along a transept, from the top to the
bottom of the slope (12- 30 sampling pointsper transept). At each sampling pointa bulk sample of thewhole soll
profile was taken f0r137CsanaIyses and a surface soil sample (first 5cm) was taken for carbon analyses, adjacent
to the bulk sample. In addition to this, 137Cs reference samples (whole soil profile in flat location)were taking for
each of the four lithology-land usecombinations.

In this Atlantic region, forests are the 'natural vegetation cover' or ‘undisturbed situation’, whereas the presence
of scrub and grass is the result of human alteration of this natural vegetation cover, mainly due to the use of fire
as a management tool for pasture maintenance. The results of the present study will allow us to determine 1)
rates of soil erosion, 2) distribution of 137Cs in the soil profile, 3) effect of fire on the soil organic carbon pool and,
4) if there isa redistribution of organic carbon in the hillsides associated with the processes of erosion induced by
fire as an land management tool.
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Biogeomorphological interactions in formerly glaciated terrain: the overlooked role of disturbance
processes.

BATZ N., LANE S.
Institute of Geography and Sustainability - University of Lausanne, LAUSANNE, SWITZERLAND

Research over many decades has demonstrated that the revegetation process in formerly glaciated terrain is
exceptionally slow (decades to centuries) not least because of the time it takes for the coupled evolution of the
soil-vegetation system. Glacigenic materials, notably morainic materials, commonly have poor moisture retention
and relatively slow weathering rates. This reduces fine material availability for pedogenesis, hence hampering
the related vegetation succession. However, especially in Alpine glacial systems, such research has tended to
overlook the role played by hydro-geomorphological processes, such as linked to alluvial fans, in locally
modifying habitat conditions in ways that can substantially speed up the revegetation process. Alluvial fans can
introduce substantial amounts of finer material, locally increasing moisture retention capacity and allowing
pioneer vegetation colonisation, necessary to add organic matter to the soil system. A positive feedback starts,
which improves local habitat conditions and increases local weathering rates. Nevertheless, powerful fan events
can locally reset the system. Here we describe what we call a ‘high risk — high reward’ vegetation colonisation
strategy in formerly glaciated terrain linked to interactions between disturbance processes and soil development.
This strategy rapidly speeds up vegetation successional processes but also appears to feedback into the
dynamics of alluvial fans, notably at fan heads. We present: (1) an extensive survey of these phenomenon for
Alpine deglaciated terrain; and (2), based upon a case study fan in the Val d’Héréns, Switzerland, a conceptual
model for the role of fan related disturbance processes in conditioning vegetation succession and its feedback
onto the fan dynamics.
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Chemical weathering rate in a steep mountain basin of Northern Japanese Alps: Estimation from in situ
cosmogenic nuclides and geochemical mass balance model

HATTANJI T.(1), MATSUSHI Y.(2), KITAMURA Y.(1), OGUCHI C.T.(3), HACHINOHE S.(4), MATSUZAKI H.(5)
(1) University of Tsukuba, TSUKUBA, JAPAN ; (2) DPRI, Kyoto Univsersity, UJl, JAPAN ; (3) GRIS, Saitama
University, SAITAMA, JAPAN ; (4) Center for Environmental Science in Saitama, KAZO, JAPAN ; (5) University
of Tokyo, TOKYO, JAPAN

Chemical weathering rate in steep alpine environment has not been evaluated by using the recent approach of in
situ cosmogenic nuclides and geochemical mass balance model. We have estimated chemical weathering rate at
nine major sub-catchments of the Ashima River basin, located in Northern Japanese Alps, central Japan. Climate
varies from humid temperate with mean annual temperature (MAT) of ~10°C and rainfall of ~1500 mm/y at the
bottom of the basin, to cold environment with MAT of ~0°C at the 2300-m high divide. In situ 2°Al for river
sediment in these sub-catchments showed that denudation rate ranges from 200 to 2000 mm/ky, which basically
depends on mean slope of each catchment. We have measured chemical compositions of bedrock and sand
(grain size of 0.25~2.0 mm) in stream sediment with X-ray fluorescence analysis, and calculated chemical
depletion fraction (CDF)’, which is defined as the ratio of chemical weathering rate to total denudation rate.
Titanium was treated as an immobile element for calculation of CDF. The results showed that CDF ranges from
0.08 to 0.6 and chemical weathering rate ranges from 100 to 400 mm/ky. Some catchments located at the middle
of the basin have high denudation rates (~1000 mm/ky) and relatively high chemical weathering rates (~400
mm/ky), which exceeded other reported rates in the previous studies for granitic mountains. In the upstream
most catchments with very high denudation rates (~2000 mm/ky), the contribution of chemical weathering
declines because physical denudation processes such as landslides predominate.
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Interactions between floristic diversity and organisation and alluvial fan morphodynamics

BORGEAUD L.(1), LANE S.(2), VITTOZ P.(3)

(1) IGD, Université de Lausanne, LAUSANNE,, SWITZERLAND ; (2) IGD, Universit? de Lausanne, LAUSANNE,
SWITZERLAND ; (3) DEE, Université de Lausanne, LAUSANNE, SWITZERLAND

Recent research has recognised that there is a critical co-evolution between geomorphic systems and
ecosystems in which vegetation exerts a crucial role as an ‘engineer’ of geomorphic response, whilst the nature
of that geomorphic response has profound impacts upon ecosystem dynamics. Here, we present results that
combine a 70 year reconstruction of alluvial fan dynamics for an active fan system in the Vallon de Nant, Canton
Vaud, Switzerland. The work is based upon a combination of: dendrogeomorphological records and aerial
imagery analysis; and over 100 quadrats in which plants were identified and recorded to species level, and
additional environmental parameters (e.g soil characteristics) were measured. Statistical ordination was used to
identify the spatial structure of the plant communities. Fractal type approaches were used to identify the spatial
scale dependence of emergent alpha- and beta-diversity. These two sets of data were then tied back into the
geomorphologic history of fan development. The work showed that distinctive spatial and temporal patterns
emerge in fan vegetation communities that can be related to both spatial and temporal properties of fan
dynamics, and notably the accommodation space available to fan surface channels. The latter sets the
magnitude and frequency characteristics of channel occupancy and causes a down fan shift in community
organisation biodiversity from being discrete ‘on-off’ driven in the more constrained fan head to being more
spatially continuous where accommodation space is greater.
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Sustainability, vulnerability amd geodynamic hazard in geomorphologic systems of urban territories of
the Russian Far East

MIASNIKOV Y.
Pacific Geographical Institute, VLADIVOSTOK, RUSSIAN FEDERATION

The issues of sustainability, vulnerability and geodynamic hazard in geomorphologic systems (GMS) of urban
territories (UT) of the Russian Far East (RFE) were approached on morphostructural base. The conclusion was
made that the combination of the studied parameters provides quite an efficient assessment system to the
environmental and geomorphologic condition of the RFE UT. The GMS parameters of sustainability, vulnerability
and geodynamic hazard are based on complex data of endo-dynamics, exo-dynamics and techno-dynamics. The
following stages of the study should include research of the detailed composition, development and applied
features of the GMS, including monitoring of hazardous endo-dynamic, exo-dynamic and techno-dynamic
processes aimed to the efficient management of relevant risks.
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Periglacial Slope Deposits and the CZ - on their genesis and influence on soil water content by a case
study from the Bavarian Forest, Germany

HUBER J., VOELKEL J.
Technische Universitaet Muenchen, MUENCHEN, GERMANY

Periglacial slope deposits (PSD) are widespread in mid latitudes’ Pleistocene non-glaciated areas. In the mid-
mountainous regions of Germany like the Bavarian Forest these sediments appear as characteristic layered
material on any slopes. Typically, the PSDs consist of three different layers: Upper, Middle and Lower Head.
Their properties are governed by their genesis at different climates and according to periglacial morphodynamics.
Additionally, bedrock lithology and source of strata are influencing factors. The PSDs are crucial part of the
critical zone as the uppermost layer between surface and the lowest groundwater level and responsible for layer-
characteristic soil water movements. The latter are hydrological processes, like interflow and storage, depending
on the PSDs.

In this investigation (DFG funded, VO 585/15-1) selected profiles of the Otterbach catchment are analysed in
consideration of the pedological and sedimentological properties. Stratigraphical features and numerical dating
techniques (OSL) help to interpret landscape evolution and genesis of its critical zone. In addition, soil water
measurements within the single PSDs show the influence of the layers on soil water movement and the
importance of the periglacial slope deposits as part of the critical zone.
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Estimation of Soil Formation Rate from Vegetation on Tertiary Rock Area in Japan

TODA M.(1), WATANABE T.(2), KOBAYASHI S.(3)

(1) Freelance, HACHIOJI, JAPAN ; (2) Freelance, FUKUSHIMA, JAPAN ; (3) JOHNSON TRADING
COMPANY,LIMITED, SAGAMIHARA, JAPAN

In the Boso Peninsula of central Japan there are frequent slope failures in spite of the low relief hilly area. The
geology of this area is Tertiary sandstone and mudstone. One of the proposed reasons of the failures is an
unstable early formed soil layer. Therefore we were able to estimate the rate of the soil formation from the
relation between soil thicknesses on the collapsed slope and the age of the trees on the slope.

The pioneer tree in the collapsed slope of this area is Cleyera japonica or Eurya japonica. Ages of the trees were
measured with an increment borer and the soil thicknesses under the trees were obtained by a dynamic cone
penetration test. As a result, the soil was thicker so that the age of tree was older. The relationship between the
thickness of soil, D (cm), and age of tree, A (year), was D=1.6A+47.

From observation we assumed that there was no soil on collapsed slope just after failure. Then new soil formed
through the weathering of the bedrock. The pioneer trees then grew after the formation of the soil layer. Due to
the growth of the pioneer trees there was no evidence of the soil movement due to slope failure. Therefore, the
above equation shows that the rate of soil formation is 1.6cm a year and the pioneer trees spread on collapsed
slopes after soil formed a 47cm layer.

The rate of soil formation provided here is considerably bigger than other studies. This is due to relative high rate
of the bedrock weathering. We also performed the weathering tests using rock samples from this area. The wet-
dry test was for an index of the physical weathering and dissolution test was for chemical one. As a result, the
rock of this area was weak for slaking and was dissolved earlier than limestone. As the geology is weak for both
physical and chemical weathering the rate of soil formation of this area is fast.
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Bedrock weathering and Biogeomorphic processes in the Ouachita National Forest, USA

TURKINGTON A.
University of Kentucky, LEXINGTON, UNITED STATES

The effects of vegetation on soils and geomorphic processes have long been recognized. Studies of these
effects have traditionally emphasized biological and chemical effects on pedogenesis, and the relationship
between vegetation cover and soil erosion. This study focuses on the direct and active geomorphic roles of biota
(rather than indirect and passive). Tree growth, and uprooting, is an important influence on not only pedogenesis,
but also bedrock weathering. This research seeks to examine how tree roots can directly weather the bedrock in
this area, and how tree throw mines bedrock and delivers it to the surface.

The field site is the Ouachita Mountains in Arkansas, southern USA. The Ouachita’s are parallel east-west
trending ridges, with intermontane basins. Local relief is 75-530m. The climate is humid subtropical, mean annual
precipitation is 1400mm. The sites are dominated by a mixed oak-pine cover, and the geologic setting is typically
alternating layers of sandstone and shale, with lesser amounts of quartzite, novaculite and chert. Exposed shales
are deeply weathered and highly erodible; sandstones are less altered and more durable.

This study demonstrates that trees directly weather bedrock and subsoil rock fragments, causing biochemical
weathering of siliceous sandstone, which was previously understood to be resistant to chemical attack.
Processes of root weathering include biochemical and biophysical processes, which dominate at the grain scale
and the outcrop scale, respectively. Further, trees can mine large amounts of fresh bedrock to the surface, both
sandstone and shale, driven by a number of uprooting mechanisms.
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Redox front effect on the adsorption of cesium and strontium on pumice tuff

RAJIB M.
Saitama University, SAITAMA, JAPAN

The part of host rock of a waste repository could always be vulnerable to weathering slowly by contacting the
surface/subsurface water and weathered zone or redox front can be formed. This long term weathering
processes in the geosphere surrounding the repository might have significant effect on the adsorption of certain
nuclides that could be released from the radioactive wastes. Since this phenomenon is quite frequent in
subsurface, adsorption characteristics of two strategically very important nuclides from radioactive waste, cesium
and strontium were investigated on fresh, unweathered rock and on weathered or oxidized part, collected from
redox front zone of pumice tuff, which is already been selected for hosting low and intermediate radioactive
wastes in Japan. Batch sorption study was carried out to explore the difference of adsorption mechanism at wide
range of pH 4-12, varying nuclide concentration from 10™ to 107 M and different ionic strength of 1.0, 3.0.
Powder of 150-300 um size and approximately 1 cm® blocks of pumice tuff were used as two phases of rock.
Pore size distribution and specific surface area of the fresh and weathered pumice tuff were determined as
supporting analysis. Mineralogical composition was done by XRD and optical microscopy; and elemental
analysis by SEM-EDX. Solution chemistry was determined by ICP-MS and finally data were simulated with
IgorPro 6.2. Since a slight weathering of a fresh mineral surface leads to the formation of available exchange
sites and an increased sorption, higher distribution coefficient values were found in the weathered part than fresh
pumice tuff. The distribution coefficient difference between block and powdered rock is expected to be caused by
the effect of diffuse electric double layer, long equilibrium period and the physical property of fracture during
experiment.
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Retracing signals of historical soil erosion in peatbog archives as an indicator for landscape resilience in
the context of future landuse changes and weather fluctuations (TUM-CZO, Ammer Mts.)

WINKELBAUER J., VOELKEL J.
Technische Universitaet Muenchen, MUENCHEN, GERMANY

As an example for recent research attempts within the Critical Zone Observatory of the Technical University of
Munich (TUM-CZO0), located in the Ammer Mountains of the Bavarian Alps, we present a project which deals with
the investigation of possible soil loss triggers and dynamics in alpine landscapes. As soils represent the central
part of the heterogeneous interaction system of the Critical Zone, they hold an essential relevance for a broad
variety of up-to-date questions concerning the long-term sustainability of numerous natural resources and
ecosystem services. Soil loss consequently causes serious, irreversible loss of vital soil functions and thus
ecosystem services. Hence, determining risks of soil degradation and soil loss is a major task within the Critical
Zone research.

The reconstruction and analysis of past erosion incidents is an essential key to understanding the driving factors
of soil erosion or landscape resilience as reaction to external triggers (both natural and human). Peat bogs
containing interlayered strata of mineral colluvial fillings are ideal archives for such reconstructions. Within the
Ammer catchment, we investigate a total of twelve peat bogs distributed across an altitude gradient from alpine
to subalpine and lowland landscapes. In addition to the extraction of conventional drilling cores, Ground
Penetrating Radar is used as a non-invasive method of highlighting the internal stratification of the peat bogs.
Various dating techniques can be applied to both organic and mineral layers (14C, OSL, pollen analysis). Pollen
analysis adds additional proxy data on vegetation and climate. The results then allow the correlation with well
known, prominent climatical stages (e.qg. Little Ice Age) and extreme weather incidents in the past as well as with
historical records on land use. By this, valuable insight on characteristic regional landscape dynamics and
thresholds is provided.
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Simulating vegetation dynamics within Landscape Evolution Models: a simplification too far?

TRUEMAN A., WAINWRIGHT J., DENSMORE A., TURNBULL L.
Durham University, NEWCASTLE UPON TYNE, UNITED KINGDOM

The influence of ecology upon geomorphological processes has long been recognised (see Lyell, 1830; p. 113),
however the complex feedbacks between the two have only recently began to be understood. Recent studies
have illustrated the importance of riparian vegetation in: the reinforcement of the underlying soil matrix (e.g.
Pollen-Bankhead & Simon, 2010); and the mediation of shear stresses related to overland flows (e.g. Liu et al.,
2010). Moreover, the influence of geomorphological processes in affecting landscape ecology has been made
evident in the role of geomorphological processes in: controlling the spatial distribution of riparian plants through
hydrochoric dispersal of seeds/propagules; altering abiotic conditions suitable for seed germination and plant
growth; and controlling plant stress through varying the disturbance regime. Indeed, it is now believed that a
widespread transition of channel morphologies during the Devonian Era can be attributed to the widespread
colonisation by vascular plants (see Gibling & Davies, 2012).

Despite these advances in our understanding of ecogeomorphological feedbacks and their role on landscape
evolution, modern Landscape Evolution Models (LEMSs) still simulate vegetation change simplistically.
Commonly, within LEMs, ecological components experience no spatial/temporal variability in root structure;
seasonality; and/or function during simulation. Through these simplifications, an un-quantified level of uncertainty
is associated with the conclusions made.

This poster presents an overview of our current understanding of ecogeomorphological interactions and the gulf
between this and the current simplified level of sophistication of ecogeomorphological modelling within present-
day LEMs. The poster will conclude with an outline of the work currently being undertaken by the presenter
concerning the development and coupling of a spatio-temporally dynamic vegetation component within an
existing LEM.
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Four-dimensional reconstruction of gullying processes in a sandy badland of the Spanish Central System

STOFFEL M.(1), STOFFEL M.(2), BALLESTEROS CANOVAS J.A.(3), CORONA C.(1), LUCIA A.(4), MARTIN-
DUQUE J.F.(5), BODOQUE J.M.(6)

(1) University of Berne, Institute of Geological Sciences, BERNE, SWITZERLAND ; (2) University of Geneva,
Institute for Environmental Sciences, CAROUGE-GENEVA, SWITZERLAND ; (3) Geological Survey of Spain
(IGME), MADRID, SPAIN ; (4) Faculty of Science and Technology, Free University of Bolzano, BOLZANO,
ITALY ; (5) Department of Geodynamics and Geosciences Institute (CSIC, UCM), Complutense University of
Madrid, MADRID, SPAIN ; (6) Mining and Geological Engineering Department, University of Castilla-La Mancha,
TOLEDO, SPAIN

Soil erosion is a key driver of land degradation in various environments worldwide and heavily affects sustainable
land management. An appropriate quantification and localization of “hotspots” of soil erosion are therefore
critical, as sediment loss has been demonstrated to have drastic consequences both on soil productivity and
fertility.The evolution of gully retreat has repeatedly been addressed through short-term field monitoring of
headcuts or the interpretation of diachronic aerial photographs, but has rarely been studied with
dendrogeomorphology in the gully itself. The only existing study using growth-ring series from anatomical
changes in exposed gully roots in southeast Spain estimated medium-term gully-head retreat rates to 6 m?® yr"l
and gully sidewall erosion to 0.1 m® yr™ per unit sidewall length.

Floating Pinus pinaster roots spanning incised gullies have also been observed in sandy badlands of the Spanish
Central System’s piedmont, where averaged retreat rates of merely 0.53 m yr‘l have been observed through
repeat surveying. The advantage of the roots at the study site in the Spanish Central System lies in the
arrangement of roots with respect to the gully, since they not only allow determination of gully-head retreat and
sidewall erosion, but also permit documentation and reconstruction of vertical incision and channel widening
within the gully over time. The site is also characterized by abundant exposed roots in a ~100-m long gully
segments, therefore allowing analysis of changes with time and the identification of extreme erosion events.
Based on anatomical changes identified in almost 120 roots and TLS data, we documented, quantified and
mapped, for the first time ever, changes within the gully with high spatial resolution, over the past 40 years and in
four dimensions.
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Biofilm Formation on Sediments is an Adaptive Feature for Vibrio cholerae: A Bio-Geo Interaction
Phenomenon

GHOSH C.
Vidyasagar University, MEDINIPUR, INDIA

Vibrio cholerae, the gram negative bacterium is the causative agent of devastating diarrhoeal disorder cholera,
considered to be one of the major public health concerns in the developing world. This human pathogen is an
aquatic bacteria, can be isolated from freshwater, estuarine and marine environment. Besides its planktonic free
living form in aquatic reservoirs, a section of Vibrio cholerae organisms remain associated with sediment
structures in aquatic bodies. The basic mode of association with abiotic surfaces like sediments, have been
established to be by formation of biofilm. Biofim, a three-dimensional surface structure of bacteria, is considered
to be an adaptive advantage to the bacteria as it extends protection against several bactericidal effects and thus,
enhances their expectancy for long survival in nature. Secretion of exopolysaccharide (EPS), a glucose or
galactose-rich polysaccharide structure plays a key role in establishing the abiotic-surface attachment. Besides
several environmental factors, a cell-cell communication mechanism known as quorum sensing has been
identified to be a major regulator for biofilm formation and subsequent virulence expression. In a recent study
parallel but convergent cellular signalling pathways have been identified in a epidemic clone of Vibrio cholerae
driven by quorum sensing signalling molecules, autoinducers and flagellum (the structure governing motility in
bacteria), respectively. Moreover, sodium motive force driven flagellar motor has been found to act as an
essential regulator for EPS production. Based on involvement of extracellular signalling system including sodium
motive force in EPS expression and suggestion of involvement of flagellum in encountering solid surface for
establishing biofilm, we predict an interrelationship of physico-chemical prosperities of sediment structures with
EPS biosynthesis. This, in turn, may influence bonding of sediments and influence their entrainment and
erodibility.
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Saline lakes degradation in the Pantanal wetland, central-western Brazil

FURQUIM S.A.C.(1), SAKAMOTO A.(2), BONOMO B.C.M.(1), SOBREIRA M.S.(1)

(1) Universidade Federal de S&o Paulo - UNIFESP, DIADEMA, BRAZIL ; (2) Universidade Federal de Mato
Grosso do Sul - UFMS, TRES LAGOAS, BRAZIL

In the Nhecolandia, a sub-region of the Pantanal wetland, shallow saline lakes have been formed by evaporative
concentration of subsurface freshwaters. These lakes are in the higher topographic position of the landscape.
Consequently, they are not reached by the surface freshwaters that flood the Pantanal and are enclosed by
dense savannah vegetation. However, many of these lakes have received flooding waters, mainly due to
deforestation and erosion of their surroundings. Our study performed a detailed soil survey under and around a
deforested saline lake in order to understand the effects of freshwater introduction in the lake environment. The
sequence of horizons of the surveyed soil is: brown, sandy A; pale brown, sandy E; very dark gray, sandy loam
and organic-rich B; gray, loamy sand Bkng; and green, sandy loam and impervious Bnxg. This soil morphology is
similar to the preserved saline lake soils, as described in previous studies, with the exception of both the
presence of the very dark gray B horizon, marked by organic matter illuviation, and the less extension of the
Bkng and Bnxg in the deforest lake. Besides, whereas the deforest lake soil is neutral and strongly acid in the A
and organic-rich B, respectively, and alkaline below, the preserved lake soils are entirely alkaline, being
submitted to solonization processes. These differences suggest the dominance of solodization over solonization
in the deforested lake soil, indicating the degradation of the typical soils of the preserved lakes. The acid organic-
rich horizon is likely responsible for the destruction of the alkaline Bkng and Bnxg, mainly by clay hydrolysis and
oxidation. The green and impervious Bnxg horizon has an important role in the Nhecolandia salinity origin
because it allows the seasonal isolation of waters and, consequently, very high rates of evapotranspiration in the
lake depression. Thus, the destruction of this horizon may lead to the complete degradation of the saline lakes.
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Time and Again: Fire, Tree Root Decay and Slope Stability

MARTIN Y., JOHNSON E., KROEKER S.
University of Calgary, CALGARY, CANADA

Mechanical reinforcement of shear strength in shallow soils by tree root networks has been documented for
steep slopes (Schmidt et al., 2001; Roering et al., 2003). Tree death by recurring crown wildfires results in the
decline of root reinforcement in shallow soils and may affect occurrence of debris slides and debris flows (e.g.,
Benda and Dunne, 1997; Martin, 2007; Jackson and Roering, 2009). Despite recognition of tree root decay
following wildfire, to our knowledge no annual continuous measurements have been made in a post-wildfire
setting to document tree root decay over time. Suggestions have been made that root decay following timber
harvesting may provide a reasonable analogue, although this idea remains largely conjecture. Herein, we
present our annual field measurements of post-wildfire tree root strength made over the past 9 years at a post-
wildfire site in the Canadian Rockies. In these subalpine forests, fire return intervals are shorter than the potential
lifespan of trees, making wildfire critical to tree population dynamics. The recurring nature of wildfire leads to a
recurring decline in tree root decay in immediate post-fire years and an increased likelihood for mass wasting.
Our field measurements of tree root strength were undertaken in the burned subalpine forest of Hawk Creek,
British Columbia, Canada. In July 2003, two large crown fires were ignited by lightning in Kootenay National Park
and merged to burn 17 000 ha. Annual measurements of post-wildfire tree root strength have been made from
2004 until the present. Each year, tree root measurements, including vertical root depth, root diameter and
tensile force at breakage, were made in 15 soil pits located within five slope gradient classes. Results show that
that when measured in the same year, tree roots of larger diameter require a greater tensile force for breakage.
Most importantly, the gradual decay in tree root strength over time has been meticulously documented and
quantified.
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Volcanic hazard assessment in the bromo volcano aera, East Java (Indonesia)

BACHRI S.(1), STOTTER J.(1), SARTOHADI J.(2)
(1) Institute of Geography, University of Innsbruck, INNSBRUCK, AUSTRIA ; (2) Department of Geography and
Environmental Science, Faculty of Geography, Gadjah Mada University, YOGYAKARTA, INDONESIA

The Bromo eruption in 2010 had modified human environment in the area surrounding. The villages around the
crater of Bromo experienced severe impact of erupted materials. Large agriculture areas were covered by ash
for a long period, thus decreasing its productivity significantly. Despite suffering from this devastating impact of
the volcano, the people in the Bromo region decided to live and adapt to the recurring phenomenon. Identification
and assessment of hazard areas due to volcanic eruptions is a necessary pre- requisite to design suitable
adaptation strategies in the region.

This paper aims at identifying areas vulnerable to volcanic eruptions in Bromo. The combination of GIS
techniques and geomorphological field survey was applied to assess the vulnerability of study area. Factors such
as landform, source of hazard and population density were considered for the identification of hazard processes.
This objective is addressed in two steps: 1) by deriving a 3D map from contour lines using the implementation of
FOSS SAGA-GIS software, and 2) by exploring the considering factors in the field in order to understand the
vulnerability patterns.

The results show that the volcanic ravine bottom is the most densely inhabited area. This area is characterized
by intensive mass movements of the volcanic deposits, especially during the rainy season. Furthermore, the
areas with an elevation over 2000 msl are relatively safe from volcanic ash due to the protection of the caldera
wall. The morphology of Bromo Volcano plays important role in controlling some processes of volcanic materials
redistribution. About 40% of the study is categorized as volcanic prone area, whereas the rest is vulnerable to
other volcanic redistribution processes.

Keywords: Volcanic hazard, landform, Geographic Information System, Bromo Volcano Indonesia
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Urmia Lakes, affected with the water level vacillations and critical increase the salt deserts, expectant of
aid for again birth

AGHAJANY K.(1), ROOSTAEI S.(2), POURASGHAR F.(3), REZAE| MOGHADAM M.H.(4)

(1) - Ph.D.Student of Physical Geography(Geomorphology), Tabriz Univversity, TABRIZ, IRAN ; (2) Prof,
Department of physical Geography,Tabriz Univ., TABRIZ, IRAN ; (3) East Azarbaijan general Bureau and
Applied Meterological research center., TABRIZ, IRAN ; (4) Prof,Department of physical Geography,Tabriz Univ.,
TABRIZ, IRAN

Urmia Lakes lies northwest of Iran and between the estern and the western azarbaijan province and the largest
internal lake and to take into account the second salt water lake of world. Urmia Lakes indebted its formation to
ancient faults revenue. Tectonic agent cause former formation lakes with gradual revenue in location of lake
border mountains. This basin is one of value centers of agriculture and animal activities in Iran. National park of
Urmia Lakes is the most value natural enviroment of animales after Anzaly lagoons in Iran.

This province has semi-arid climate and its mean rainfall state is about 250 mm annually. Continuous and
lengthy droughts in last years decreased the water level of Urmia Lake and cause saltiness of around agricultural
land wells that treated for agricultural activities and natural enviroment of emigrant birds.

In this research have been distinguished by using satellite images(ETM"), GIS and coastal geomorphology that
Urmia lake has retreated in south of lake until 10 km to be extent that remains from 5700 km? area of lake only
2700km?.

The synoptic patterns show that most of the wind direction in the study region is south and south west so wind
will carry out salts to the adjacent regions from the dried surface of lake. Urmia Lake drought causes the
agricultural, social and health problems in the region.

Keywords: Urmia Lakes; salt deserts;retreated; synoptic patterns
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Morphological, micromorphological and analytical properties in a toposequence with haplic cambisols in
the Nova Lima group - Quadrilatero Ferrifero, minas gerais state, Brazil

COSTA F.(1), BACELLAR L.D.A.P.(1), CASTRO S.S.(2), RESENDE F.R.M.(1), SILVA S.F.(1)

(1) Federal University of Ouro Preto, OURO PRETO, BRAZIL ; (2) Federal University of Goias, GOIANIA,
BRAZIL

The Quadrilatero Ferrifero is a region of archaean and proterozoic rocks located in the Minas Gerais State,
Southeastern Brazil. There are many geological studies about this region which is rich in mineral resources, such
as gold and iron, but the pedological information is still scarce because of its high relief, with steep slopes and
poorly developed soils. It is important to understand the distribution and evolution of these soils, with the
pedological systems evaluated as a continuum, to identify the effect of geological and geomorphological
phenomena related to the regression of erosive scarps and pedogenesis. This work aims to contribute to the
understanding of the evolutionary dynamics of a typical pedological system of this region that consists of Haplic
Cambisols developed on schists of Nova Lima Group (Rio das Velhas Supergroup). Soil borings were conducted
along a 32 % slope for description and sampling along a toposequence, whose results confirmed that this is a
system composed of 3 Cambisols in different evolutionary stages, represented by 5 soil profiles Soil (P1, P2, P3,
P4, P5) located from medium slope to low slope.Cambisols are deep, 8 and 2.5 meters thick in the medium and
lower slope, respectively, and contain a stone line (consisting of quartz and schist fragments and ferricrete from
the escarpment top) behind a Bi horizon developed on colluvium. Analytical and micromorphological data
showed a vertical transformation system (without lateral matter transfer) for Bi horizons below the stone line and
C horizon.A younger Bi horizon developed on the colluvium over the stone line. The first three profiles (P1 to P3)
are similar to each other, indicating that they developed simultaneously and are in a more advanced pedogenetic
stage when compared to low profile (P4 and P5); P5 profile is the least developed. This typical slope evolved at
least in two major morphopedogenetic erosive stages and the upper one is younger.
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Relationship between soil, relief and the distribution of gullies in Northwestern Parana - Brazil

CORDEIRO SANTOS L., GONCALVES MANGUEIRA C., VITOR DO COUTO E.
Universidade Federal do Parana, CURITIBA, FRANCE

The northwestern regionof Parand, in Southern Brazil, is distinguished by presenting accelerated processes of
gullies since the 1950s. The significant presence of areas under the influence of gullies in this region, long since,
has aroused the interest and mobilized professionals from different fields and was the main reason for their
choice in the study. The aim of this research was to map the gullies found in this area and identify the physical
conditions - soils and relief - that influence such gullies. The study area, locatedin sedimentary rocks in the Upper
Cretaceous,covers a total length of 22,057 km?, which corresponds to approximately 11% of the total territory of
Parana. lItrelief is uniform and mild, stepped plateaus, sloping slightly toward the river Parana valley. For this
work, we used 52 images from SPOT and Landsat ETM +7 dated between 2006 and 2008, remote sensing
SRTM and soil map. The data were processed in GIS and images from Google Earth ® also were used for
helping the identification. To analyze the concentration of gullies, we use the index proposed by SALOMAO
(1994), correlating soils and characteristic relief to the number of features mapped (ICE - Index of Concentration
of Total Erosion). Its calculation is given by the ratio between the total number of erosive occurrences and area,
multiplied by 100. We have therefore the number of occurrences per 100km 2. Have been mapped andclassified
918 gullies, with 63% located on Ultisol and 36% on Oxisol. The spatial features distribution found allowed us to
establish a significant differentiation between the soils, noting higher concentrations of gullies on Ultisols (ICE =
3.77), followed by Oxisols (ICE = 1.99). The association betweenrelief and soils, as well as its relation to the
conditions of water circulation is fundamental for understanding the dynamics of the modern gullies at the area.
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Ornithogenic soil toposequence on Rata Island, Fernando de Noronha Archipelago, South Atlantic and
guaternary paleoclimatic implications

OLIVEIRA F.(1), SCHAEFER C.(2), ABRAHAO W.(2), CLEMENTE E.(3), SIMAS F.(2)

(1) Universidade Federal de Minas Gerais, BELO HORIZONTE, BRAZIL ; (2) Universidade Federal de Vicosa,
VICOSA, BRAZIL ; (3) Embrapa Solos, RIO DE JANEIRO, BRAZIL

The formation of highly phosphatized soils on sites of avian activity is a common feature of oceanic islands. We
characterized a toposequence of phosphatic soils on Rata Island, to evaluate the soil genesis based on local
topographic variations. For this purpose, four soils ranging from the upper hill down to the lowest landscape
position on the island, representing a range of parent materials (basalt and calcareous sands), were analyzed. In
the lowest landscape position a shallow Entisol was identified, strongly influenced by birds and marine sprays
(Litholic Neosol), developed on " karstified" Pleistocene calcarenites; the three other soils in the upper part of the
toposequence are Ornithogenic Inceptsols (Cambisols), ranging from a deep Cambisol profile on Basalt lava to
intermediate Cambisols on mixed colluvial sediments of the basalt/calcareous. The lowermost Litholic Neosol is
associated with a rugged landscape with strong calcarenite dissolution and karstification, related to a former
wetter climate. The soil phosphatization is clearly an inherited process of the Late Quaternary age, when climate
conditions were different. Initial weathering took place in the last interglacial period, under wetter conditions
during which the Tertiary basalts were strongly weathered, leaving corestones in a saprolitic, oxidized mass. In
the late Pleistocene, a gentle surface distributed these weathering products along the pediment slopes as
colluvial materials, whereas in the coastal areas aeolian processes formed large sand dunes composed of
reworked calcareous sands from marine sources during a time of very low sea level. During this time,
widespread bird activity accounted for secondary apatite formation on the surface of calcareous oolites. Finally,
the Holocene warming was accompanied by increasing sea level, enhanced tropical weathering, Fe and Al
mobility and variscite formation superimposed on degraded Ca-phosphates, forming two phase phosphatic
aggregates.

611



8th IAG International Conference on Geomorphology, Paris 2013

Paraglacial adjustment and vegetation succession in the forefield of an actively retreating glacier - a
biogeomorphological perspective

EICHEL J.(1), SCHMIDTLEIN S.(2), DIKAU R.(1)

(1) Institute of Geography, University of Bonn, BONN, GERMANY ; (2) Department of Geography and
Geoecology, Karlsruhe Institute of Technology, KARLSRUHE, GERMANY

Within the last years, scientific interest in glacier forefields increased in both geomorphology and ecology as
these environments are changing at an accelerated pace due to climate change. Geomorphological research
focusses on the paraglacial adjustment of the forefield with accelerated geomorphic activity and increasing
sediment yields triggered by the retreating glaciers. Ecological research explores vegetation and microbial
succession processes in the glacier forefield and their potential future changes. In previous studies, it has been
shown that on the one hand, geomorphic processes possess a strong impact on ecological processes while on
the other hand, vegetation influences geomorphic processes, e.g. by stabilizing sediment. These feedbacks
between the geomorphic changes since the Little Ice Age and the simultaneous vegetation succession are our
research interest, which falls into the strongly evolving discipline of biogeomorphology.

The key aims of our study are (a) to assess the paraglacial impact on vegetation succession in our study area,
(b) to identify relationships and feedbacks between geomorphic activity and vegetation patterns, and (c) to
explain detected relationships and feedbacks using recently developed biogeomorphic concepts. In the forefield
of the Turtmann glacier (Turtmann valley, Valais, Switzerland), we used a biogeomorphic approach including
methods from vegetation ecology and geomorphology. Our results showed a paraglacial impact on vegetation
succession which could be differentiated according to degree of geomorphic activity and attributed to specific
species compositions. This sequence of corresponding geomorphic and vegetation change was mostly found on
the lateral moraines and interpreted as biogeomorphic succession. We believe it is driven by biogeomorphic
interactions at smallest scale. These are mediated by geomorphic-engineer species such as dwarf shurbs and
controlled by the ratio between geomorphic disturbance and the relaxation time of the vegetation according to the
biogeomorphic transient form ratio. The interactions at small scales result in a co-dependent paraglacial
adjustment and vegetation succession at large scale and can thus explain the detected corresponding patterns.
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Oral presentations:

Rainfall control of debris-flow behavior: motion and deposition at Mount Yakedake, Japan

SUWA H.
Center for Spatial Information Science, University of Tokyo, KYOTO, JAPAN

Processes of debris flows have been monitored at a slope of Mount Yakedake, a volcano in Japan since 1970.
Number of surge is counted as more than 200 episodes from 91 events. The studies from the data supplied a
general concept of debris flows and their geomorphic effects on volcanic slopes as follows. Debris flows are
triggered by a large intensity of rainfall in a short duration as long as 10 minute. Threshold of rainfall intensity for
debris flows increases with time after the end of volcanic eruption, while it drastically decreases with the eruption.
Three types of debris flows were found: Large flows with boulder dam without openwork structure (Type 1), small
flows with boulder dam with openwork structure (Type 1), and small flows with boulder dam without openwork
structure (Type lll). Rainfall conditions were found to have controlled the difference between these types through
water availability to debris flows at the source and the growth reaches of debris flows. Mass and boulder focusing
to the flow front are marked, and due to the focusing the flow radiates elastic waves whose energy is from the
potential energy of the flow. The energy conversion efficiency from the potential energy to elastic-wave energy is
a magnitude of 10" much smaller than the efficiency for earthquake at 10 from the strain energy to the elastic-
wave energy. Debris flows terminate in the fan leaving two types of debris-flow lobes: swollen lobes and flat
lobes. The flat lobes is attributed to the Types | and Ill, while the swollen lobe to the Type Il. It would be important
to understand this concept for volcanic debris flows from its initiation to termination for the mitigation of debris-
flow hazards.
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Developing of a standard methodology to characterize and modeling debris flows

BOCCALI C., CALLIGARIS C., LAPASIN R., ZINI L.
Universita' degli Studi di Trieste, TRIESTE, ITALY

Debris flows affect frequently the mountain regions and, because of their speed and destructive force, threaten
roads, buildings and human lives. The reconstruction of debris flows paths has long been studied and several
simulation models have been implemented, but a believable scenario can be obtained only by resorting to real
parameters, suitable to characterize the involved material.

The research presented in the paper is aimed at individuating a standard methodology that from field survey,
through different laboratory analysis, comes to the assignment of numerical values to the basic parameters of the
debris flow simulations (yield stress and viscosity). After obtaining these values, simulations were performed to
validate the methodology. To this purpose a basin sited in the Northeast Italy has been studied and sampled.
The chosen test site is located in the Val Canale valley already involved, since 2003, in at least three alluvial
events.

The present project started with a sampling phase. In order to ensure the representativeness of the sample, it is
important to identify significant collection points, in the source, transport and depositional areas, and to collect a
huge quantity of heterogeneous material.

In the laboratory samples were subjected to grain-size, mineralogical and rheological analysis. Suspensions of
the fine fractions were prepared at equal solids concentration and studied using a controlled stress rheometer.
Different experimental methods were proved to individuate an appropriate methodology suitable to characterize
the plastic behavior of the fine particle suspensions derived from the different sampling points.

With the range of values obtained, numerical simulations, using FLO-2D software, were performed in order to
verify the consistency of the parameters and their representativeness even if a back analysis is not available.
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Debris Flow Process Reconstruction Based on UAV Remote Sensing Imagery of Disastrous Scenario

LIN J.
Institute of Mountain Hazards and Environment, Chinese Academy of Sciences, CHENGDU, CHINA

Debris flow is a moving mass of loose mud, sand, soil, rock, and water that travels down a slope under the
influence of gravity. Two main characteristics of debris flow are high velocity and presence of wave front. The
Newtonian fluid approach is no more valid as the flowing debris is a hon-homogenous and non-Newtonian fluid.
The rheological properties and bed friction of the debris are different. Therefore, the debris flow process is
significant for researchers to find out its special mechanisms. The process reconstruction of debris flow is
generally on the basis of qualitative principles and quantitative data obtained from field observations. It is also the
prerequisite for exact numerical modeling and simulation of debris flow and prediction of its occurrence.
However, due to the factors of safety, timeliness, and cost, the data acquired from field observations is limited in
spatial coverage and accuracy.

With the advantages of low cost, flexible launch and landing, safety, under-cloud-flying, hyperspatial image
resolution, Unmanned Aerial Vehicles (UAVs) are more suitable for obtaining remote sensing imagery of debris
flow events in the mountainous areas. However, it is a very challenging task to reconstruct the debris flow
process with raw imagery of disastrous scenario.

First of all, three-dimensional terrain of disastrous scenario can be reconstructed with UAV imagery.

Secondly, some kinetic parameters and damage information can be directly or indirectly interpreted from UAV
imagery.

Thirdly, those values of key parameters acquired from UAV imagery can be integrated into the finite element
model to reoccur the process of debris flow, including the stages of launching, transporting, and depositing.
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The debris slide in the Moafellshyrna Mountain on the 20th of September 2012. Was it triggered by
intense precipiation and earthquake activity or simply by melting of the permafrost?

SAEMUNDSSON T.(1), HELGASON J.(2), PETURSSON H.(3)

(1) Natural Research Centre of North-western Iceland, SAUDARKROKUR, ICELAND ; (2) Met Office -
Avalanche Center, Sudurgata 12, ISAFJORDUR, ICELAND ; (3) Icelandic Institute of Natural History, Borgum vid
Nordurslod, AKUREYRI, ICELAND

A large debris slide fell from the Moafellshyrna Mountain in the Flj6t area in Central North Iceland on the 20"of
September 2012. The slide occurred after a month of intense precipitation followed by an earthquake cycle in N-
Iceland. About 440 mm of precipitation fell in the area from the 20"of August to the 20"of September, where the
annual precipitation is around 670 mm.

The slide originated in a 200 m wide cirque at 750 m height in the NW slope of the mountain where a frozen solid
debris cone slid / crept off a 100 m high rock face into a steep talus slope. Frozen blocks of sediments fell on the
water saturated talus slope and triggered another debris slide. It is estimated that around 300.000 to 350.000
m?>of debris were removed from the talus slope.

An earthquake cycle started in N-Iceland on the mornin%1 of the 19™with two earthquakes M4 and M4.3 followed
by number of smaller ones. Around 9:00 am on the 20" of September another earthquake M4.2 occurred. The
debris flow activity started around 12:30 pm in northern part of the cirque, where frozen blocks of sediments
begun to fall down the rock face. The debris flow activity continued with increased activity for at least 1'/;hour, as
large blocks of frozen sediments fell onto the talus slope below the southern part of the cirque.

The frozen sediments at 750 m height give clear indication of mountain permafrost in loose sediments at this
altitude in the northern part of the Trollaskagi peninsula. These observations are in good agreement with former
calculations.

The cause of this debris flow activity is primary believed to be the intense precipitation followed by the
earthquake activity. Melting of the permafrost can also have played a significant role as a triggering factor. The
30 year average temperature (1980-2010) is the highest for almost a century and the summer of 2012 was
extremely dry and warm. The summer was also the sunniest in the past 80 years, with the record amount of
sunshine hours.
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When Debris Flows Run Upslope: Tsunami Induced Debris Flows

WASSMER P.(1), W.M. ISKANDARSYAH T.Y.(2), GOMEZ C.(3), LAVIGNE F.(1), HART D.(3), PRATOMO 1.(4),
BEL J.(5)

(1) Laboratoire de Géographie Physique, UMR 8591, MEUDON, FRANCE ; (2) Universitas Padjadjaran,
Fakulats Teknik Geologi, BANDUNG, INDONESIA ; (3) University of Canterbury, College of Science,
Department of Geography, CHRISTCHURCH, NEW ZEALAND ; (4) Museum Geologi, Pusat Survei Geologi,
BANDUNG, INDONESIA ; (5) Université de Strasbourg, Faculté de Géographie et d'Aménagement,
STRASBOURG, FRANCE

Debris flows are usually considered to be forced by gravity and triggered by the combination of intense rainfall on
mountain slopes characterised by readily mobilised clastic materials. Slope steepness increases the energy of
the water. Strong erosion ensues, feeding the flow with clastic materials of various sizes, in turn increasing the
flow density. Rheology ranges from hyper-concentrated to debris flow. In coastal areas, when a tsunami rushes
inland the movement of the flow is not forced by gravity but by energy transferred to the water column when it is
suddenly displaced, for example, by an earthquake, submarine eruption or landslide, volcano flank collapse, or
meteoritic impact. When a tsunami moves landward, its progression and duration are controlled by several
factors including topography, wave velocity, wave height, and position of the wave in the wave-train. The flow
behaves in the same way as water flowing downslope. The turbulent front is progressively fed from coastal
sediment eroded from beaches, sand dunes, and soils. The fluid takes onboard a huge amount of additional
debris (e.g. rocks, concrete, wood, vegetation, vehicles), increasing its density. Depending on the depth of the
flood, the importance of the run-up (which is a function of coastal morphology), and on the amount of mobilized
material, tsunami waves can start to behave like ‘debris flow’. Observations of tsunami deposits in Indonesia,
Morocco and the Canary Islands evidence deposits of large clastic rocks mixed with coarse bioclasts in an
unsorted matrix that could be interpreted as a debris flow deposit. Frame analysis of numerous urban video
records of tsunami, from helicopters in Japan (Sendai 2011) and from building level in Indonesia (Banda Aceh
2004), support the idea that the global behaviour of the flow front resembles that of a gravity-driven debris flow.
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Scale Amplification of Natural Debris-Flows Caused by Cascading Landslide Dam Failures

ZHOU G.
Institute of Mountain Hazards and Environment, Chinese Academy of Sciences , CHENGDU, CHINA

Debris-flows are typically caused by natural terrain landslides triggered by intense rainfalls. If an incoming
mountain torrent collapses a series of landslide dams, large debris-flows can form in a very short period.
Moreover, the torrent can amplify the scale of the debris-flow in the flow direction. The catastrophic debris-flows
that occurred in Zhouqu, China on August 8, 2010, were caused by intense rainfall and the upstream cascading
failure of landslide dams along the gullies. In the wake of the incident, a field study was conducted to better
understand the process of cascading landslide dam failures and the formation of debris-flows. This paper looks
at the geomorphic properties of the debris-flow gullies, estimates the peak flow discharges at different locations
using three different methods, and analyzes the key cascading landslide dam failure modes and their effect on
the scale amplification of debris-flows. The results show that 5 key modes (i.e. different landslide dam types) in
Luojiayu Gully and 2 modes in Sanyanyu Gully accounted for the scale amplification of downstream debris-flows
in the Zhouqu event. This study illustrates how the hazardous process of natural debris-flows can begin several
kilometers upstream, as a complex cascade of geomorphic events (failure of landslide dams and erosion of the
sloping bed) can cause to, can scale to become catastrophic discharges. Neglecting recognition of these
hazardous geomorphic and hydrodynamic processes may result in high cost.
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Study on Surge Triggered by Debris flow Plunging into Reservoir

MIZUNO H.
University of Tsukuba, TSUKUBA, IBARAKI, JAPAN

Typhoon Ma-on brought a large amount of precipitation to Muroto Peninsula in Kochi Prefecture, Japan, on July
19, 2011, and caused a severe deep-seated landslide on the mountain slope on the right bank of Hiranabe-
tanigawa, a side stream of the Nahari River. The material of landslide formed a debris flow and plunged into the
reservoir of Hiranabe Dam, whose gates were opened in order to discharge. The debris flow generated waves,
and the waves traveled not only downstream but also upstream, destroying the machines for opening gates of
the Hiranabe Dam in the downstream and a suspension footbridge in the upstream. Records from the rain gauge
station at Yanase indicate that the rain series began at 16:00 on July 17 and that 1035 mm of rainfall had
accumulated by the time the washout occurred. At that time, the flow rate of the Nahari River was at the
maximum, or in other words, had already begun to flood. Although changes in water level rarely propagate
upstream, such changes induced by debris flows entering the mainstream can be propagated at the other side of
the river, downstream, and upstream. Therefore, in this research, hydrologic conditions at the time the debris
flow entered the Nahari River are estimated, and the effect of debris flows momentum influx on the propagation
of the increased water level to the upstream area is clarified.

By analyzing the recorded data and hydraulic conditions, the estimated value of Froude number was in the rage
of 0.5 to 2.3. It was found that the wave traveled upstream uneasily. Next the process of changing water surface
after the plunge of debris flows into the reservoir was analyzed by solving the two dimensional shallow water
equations. It was found that the water surface at the suspension footbridge was raised to the bottom of the
footbridge. It was found that the wave likely occurred and propagated toward the upstream part of the Nahari
River because the momentum of the debris flow was added to the river’'s normal flow.
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Development of a geomorphological model for field instrumentation design, Tai O, Hong Kong

NG K.Y., MILLIS S.W.
Ove Arup & Partners (Hong Kong) Limited, HONG KONG, HONG KONG

Geomorphology has been increasingly recognised as an essential component for natural terrain hazard
assessment in Hong Kong. Whilst most studies have ultilised geomorphological models to estimate the design
volumes of potential landslide hazards for the mitigation measures, there are very few applied geomorphological
studies for the design of field instrumentation works to monitor landslide movements. The aim of this study is to
develop a geomorphological model to define the scope of instrumentation works for landslide monitoring with due
regard to the morphological setting, slope/fluvial processes and geological materials.

The study area is located on a natural hillside overlooking Tai O on Lantau Island. The geomorphological model
was developed by a comprehensive review of aerial photos available from Year 1963, geological publications,
past instability records and further refined by detailed field mapping and intrusive ground investigation to reveal
the depth and thickness of geological strata and processes.

The findings suggest that the hillside comprises areas of intermittent rock outcrops, talluvium, colluvium, as well
as volcanic tuff and meta-siltstone/sandstone with various degrees of weathering. The key landslide mechanisms
at the site appear to be associated with headward erosion of drainage channels, retrogressive mass movements
and historical deep-seated movements associated with lithological control of weathering between the more
resistant tuff and the weaker sedimentary strata.

The geomorphological assessment has identified areas of potential surface and sub-surface ground movements
within a large landslide complex that facilitated the selection and design of the spatial arrangements of
instrumentation systems to further confirm the landslide mechanisms at the site and investigate the rate of
ground movements and their relationship with hydrogeological conditions.
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Quantification of mass movement and sediment flux at the decadal scale for Alpine mountain basins: the
critical role of sediment connectivity

MICHELETTI N., LANE S.N.
University of Lausanne, LAUSANNE, SWITZERLAND

Our understanding of mass movement and sediment flux is well established at both the event scale through
direct measurement and over longer timescales through erosion measurement techniques (such as those based
upon cosmogenic methods). However, there remains a significant dearth of information at the timescale of
decades to centuries, despite this being the timescale over which significant hypotheses are raised over human
impacts upon climate change and hence geomorphic systems. Extensive coverage of mountain environments by
aerial imagery commonly begins in the 1940s, before the period of most rapid climate warming linked to human
activity. Here we show how information contained in such imagery can be unlocked using archival digital
photogrammetry to reconstruct quantitative histories of mass movement and sediment flux in high mountain
Alpine systems, over the timescales of decades, through the quantitative comparison of successive digital
elevation models, including the propagation of error to identify locations and volumes of significant erosion and
deposition. We then combine this with classical geomorphological mapping to quantify the distribution of these
erosion and deposition rates between different elements of the sediment flux system. We show that whilst
particular elements of the sediment flux system prove to have been much more sensitive to climatic warming
than others, their net impact is driven by their spatial organization and crucially, through connection between
system elements. The presence of warming-driven sediment signals in the short-term dynamics of river basin
systems is then highly location specific, as shaped by sediment connectivity.
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Bayesian modeling of rainfall-triggered landslides using weather forecasting systems

SANDRIC 1.(1), CHITU Z.(2)

(1) University of Bucharest, Faculty of Geography; Esri Romania, BUCHAREST, ROMANIA ; (2) National
Institute of Hydrology and Water Management; Spiru Haret University, Faculty of Geography, BUCHAREST,
ROMANIA

This study is focused on modeling the rainfall-triggered landslides using a rainfall forecast with the WRF model.
The main objective is to forecast the daily changes in landslides probability occurrence in Curvature
Subcarpathians, Romania. The WRF (http://www.wrf-model.org) model is used to generate daily estimate of
rainfall data and the Bayesian modeling is used to predict the landslides probability. The weather forecasting
model is downscaled and estimates of soil moisture content are performed on a daily basis. The uncertainties
from the weather forecasting model as analyzed in a Bayesian sensitivity model. Because mapping landslides is
always associated with uncertainties in spatial delineation of landslides bodies uncertainties analyses are
performed on the predisposing factors derived from digital elevation models have also uncertainties, coming
either from the interpolation algorithms either from GIS data. All these uncertainties have been modeled using
Monte Carlo simulations and for each simulation a new landslides probability map has been created. For all
simulations the minimum, maximum, mean, median and standard deviation have been extracted, saved and
analyzed. Thus, for each pixel and estimation of uncertainty for landslides susceptibility as assessment is
obtained and spatially visualized
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Relations between landslide activity and fluvial erosion: slope-channel coupling recorded in tree rings
and relief (Western Carpathians and Eastern Sudetes, Czech Republic)

WISTUBA M., MALIK 1.
University of Silesia, KATOWICE, POLAND

We have analysed slope-channel interactions in selected 3 stream valleys in Western Carpathians and Eastern
Sudetes. With the use of dendrochronological tools we have dated occurrence of fluvial erosion in stream
channels — basing on wood anatomy of roots exposed in eroded banks. We have also dated the occurrence of
landsliding on slopes directly above studied channels — using eccentricity of tree-rings developed in spruce
stems tilted and bent by ground movements. In order to recognize cause-effect relations between landsliding and
fluvial erosion we have compared their temporal variability in the last decades with precipitation record (monthly
totals and extreme daily totals). Comparison have shown that in analysed valleys these three phenomena appear
asynchronously — they alternate. We have determined two types of cause-effect sequences (3-8 years long) of
landslide-bank erosion coupling: (1) rainfall-landsliding-erosion — precipitation causes landslide activation,
colluvia are delivered into the valley floor, then narrowed valley floor is a subject of intensified erosion (2) rainfall-
erosion-landsliding — precipitation causes erosion in the valley floor, then erosion disturbs the equilibrium of a
slope, which causes landsliding. Obtained dendrochronological datings also show that these processes can be a
subject of a feedback: once the coupling have started it can continue without appearance of heavy rainfalls. We
have analysed signs of coupling visible in the relief of studied valleys. Observations indicate that described
slope-channel coupling, recorded in tree-rings, in longer periods can lead to gradual widening of valley floors
(due to bank erosion and removing delivered landslide colluvia) and can lead to relief evolution from V-shaped
into flat-bottomed valleys. Conducted studies prove the presence of landslide-erosion coupling in studied valleys
and suggest its importance for general evolution of studied mountain areas.
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Landslide hydrology: modelling the dynamic interactions between slope deformation, preferential flow
and hydrology

BOGAARD T.

Delft University of Technology, faculty of Geosciences and Civil Engineering, Department of water management,
DELFT, NETHERLANDS

Hydrology has long been recognized as a crucial factor in the (re-)activation of landslides. It is well-known that
fissures as well as other preferential flowpaths are very important for groundwater recharge within a landslide.
However, this heterogeneous recharge results in local pore pressure increase whereas many model approaches
in landslide hazard analysis assume a more homogeneously distributed recharge and thus pore pressure
increase. Moreover, the specific dynamics within a landslide induces changes in fissure distribution due to
differential movement. Feedback exists between changes in fissure properties, the hydrological behaviour and
differential movement. So far, shifts and hysteresis in landslide activity have not been linked to these feedback
mechanisms. This research aims to investigate the dynamic interaction between fissures and the resulting
infiltration, storage and preferential flow and spatial and temporal variations in displacement.

Key to this research is the notion that differential displacement can open and close fissures acting as storage
capacity, preferential pathways for infiltration and lateral groundwater drains. We studied these interactions both
at the single fissure scale using coupled unsaturated-saturated flow models and we also modelled the dynamics
at field scale in a distributed model coupling hydrological and stability dynamics developed in the PCRaster
environmental modelling software package. Both approaches have been confronted with field data from slow
moving landslides. The results show the importance of fissure characteristics in the hydrological behaviour of
landslides. This approach results in increased insight in hillslope and landslide hydrology and provided a first
step towards the quantification of the complex feedback between changing soil/fissure hydraulic characteristics
and differential displacement. Furthermore, this study can help improving hazard assessment and mitigation
works for slope stabilisation.
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Variations in soil hydraulic conductivity as triggering factors of shallow landslides in the Serra do Mar,
Brazil

VILLACA GOMES M., VIEIRA B.C.
University of Sao Paulo, SAO PAULO, BRAZIL

Periodically, widespread landslides events occur at the Serra do Mar Mountain Range, a geological and
geomorphological compartment located on the Brazilian southeast coast. The slopes, with high angles and
shallow soils, are mostly achieved by shallow landslides, and associated with rainfall events of greater
magnitude, by debris flows. In the summer of 1966/67, rainfall reached a great extent of the Serra, triggering
some of the most catastrophic events recorded in Brazil, among which stands out that occurred in Caraguatatuba
City, S&o Paulo State. Previous works undertaken in the area showed that the 535 mm of rainfall recorded on 17
and 18 March, 1967, have left the soils, which range between 1-10 m depth, with a high degree of saturation and
that shallow landslides were preferentially bound to two types of contact where generally are located the perched
water table: mature soil (A and B horizons) - partially decomposed rock (C horizon) - bedrock. This fact shows
that the mechanic discontinuities between these materials, with different constitutions and degrees of weathering,
played a major role in the hillslope hydrology, favoring the occurrence of shallow landslides. Thus, the aim of this
work is to identify the role of hydraulic discontinuities in soil mantles that triggers shallow landslides. Therefore,
saturated hydraulic conductivity (Ksa) tests were performed with the Guelph Permeameter, inside and outside of
shallow landslide scars in the foIIowingz3 depths: 0.25, 0.50, 1.00, 1.50, 2.00 and 2.50 m. Although the values were
relatively homogeneous (between 10~ and 10° m s'l), some hydraulic discontinuities were observed along the
profiles, being more frequent between 1.00 to 2.00 m depth. It is noteworthy that, for the Serra, in these depths
are triggered most shallow landslides, i.e. the mechanisms responsible for the instability at this depth reached
critical levels, which may be caused by the development of saturation zones in such discontinuities.
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Mass movements characterization in the disaster occurred in the Morro do Bau Complex, Santa Catarina,
Brazil, in November, 2008

BAUZYS F., EGAS H.M.
Universidade Federal de Santa Catarina, FLORIANOPOLIS, BRAZIL

This study aimed to characterize and analyze mass movements occurred in the Complexo Morro do Bau, Vale
do Itajai, Santa Catarina state, Brazil, in November 2008, through the geoenvironmental aspects and geological-
geomorphological compartments. This mass movements happened so widespread and were triggered by an
extreme rainfall event, totaling more than 500 mm in 3 days, preceded by rainfall accumulated over time. This
disaster caused a significant change in the landscape, large material losses and tens deaths. This research
analyzed the geology and geomorphology of two watersheds located in this area: Ribeirdo do Bau e Belchior
Alto. The landslide inventory map and the types of landslides characterization, associated with environmental
features mapped, provide an overview of the effects of extreme event in this watersheds. It wasidentified three
geological areas: (A) Luiz AlvesComplex (Archean and Proterozoic), with rocks like gneiss and hypersthene; (B)
Itajai Group (Late Proterozoic), with sandstones, conglomerates and pelites, and (C) Quaternary sediments:
deposits with slopes, alluvial terraces and river current. Geomorphologically, the dissection features a strong
structural control, marked by faults, lineaments and drainage headwaters, that originate deep valleys and well
fitted. The surface coverage develops by a deep chemical weathering, leading quite thick mantles of up to 30
meters deep, especially in Luiz Alves complex. As a main result we carried out the geological and
geomorphological mapping of this watersheds and the analysis and reconstruction of the event by mapping
processes and mass movementsclassification and debris flows.
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The Catastrophic Landslide Event of January 2011 in Rio de Janeiro: Geomorpholocial and Geological
Controls

AMARAL C.(1), SILVA A.(2), LIMA 1.(2), RAMALHO J.(2), VAREJAO L.(2), RODRIGUES J.(2), LAGO L.(2),
CORREIA R.(2), CORREA S.(2), PORTOCARRERO H.(3), MOTTA M.(4), VARGAS JR. E.(4), DE CAMPOS
T.(4), DOURADO F.(3), SILVA L.(5), ARAUJO J.(5), FERNANDES N.F.(5), VIEIRA B.(6)

(1) UERJ & DRM, RIO DE JANEIRO, BRAZIL ; (2) DRM-RIO DE JANEIRO GEOLOGICAL SERVICE, RIO DE
JANEIRO, BRAZIL ; (3) RIO DE JANEIRO STATE UNIVERSITY, RIO DE JANEIRO, BRAZIL ; (4) CATHOLIC
UNIVERSITY, RIO DE JANEIRO, BRAZIL ; (5) FEDERAL UNIVERSITY OF RIO DE JANEIRO, RIO DE
JANEIRO, BRAZIL ; (6) UNIVERSITY OF SAO PAULO, RIO DE JANEIRO, BRAZIL

In January 2011, intense rainstorms triggered thousands of landslides in the Serra do Mar mountainous region in
the state of Rio de Janeiro. Cities like Nova Friburgo, Teresépolis, Petrépolis and Sumidouro, located about 50-
100 km north/northeast from Rio de Janeiro city, were severely affected by rainstorms that lasted for about 10
hours, with total volumes of about 350 mm in 24 hours. This catastrophic event, the greatest natural disaster of
Brazil, caused about 1300 deaths (350 people still missing) and 20,000 people homeless. During the disaster,
the Rio de Janeiro Geological Survey together with three universities (Catholic University, Federal University of
Rio de Janeiro and Rio de Janeiro State University) started an intensive research program in order to map
landslide scars and define the most important conditioning factors. The results attested a widespread landslide
distribution in this event, including hillslopes with different forms and steepness, different lithology types, rural
and urban sites as well as transported and “in situ” soils. Mass movements were classified in four major groups:
landslides initiated at the soil-rock boundary at the convex hilltop of rock escarpments; torrential flows, hyper-
concentrated flows and debris flows (some about 10 km long); shallow translational slides with scars located in
the upper portion of the residual soil (affecting the concave portions of gentle hillslopes); and landslides in urban
areas (where most of the deaths occurred). However, the consequences of this event could have been much
worse because most of the landslides did not take place in the areas of higher risk. Therefore, it is urgent the
implementation of effective methodologies that will contribute to landslide disaster mitigation in the state,
reducing deaths and economic losses associated with landslides and debris flows.
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Relation between the precipitation intensity and duration that originated the debris flows in Puebla,
México

CARDOSO-LANDA G.
Instituto Tecnologico de Chilpancingo, CHILPANCINGO, MEXICO

The debris flows are particularly dangerous for the life and the properties due to its high speeds and great
destructive force, destroying houses, ways, bridges, trees and cultures, currents and ecosystems throughout its
trajectory.

The extraordinary precipitation events are one of the predominant physical processes that produce the genesis
of the debris flows. The empirical thresholds of precipitation are based on the historical analyses of the
occurrence relation precipitation/debris flow, for example statistical analyses. At the present time a limited
number of this type of empirical thresholds exists and have been used different diagrams to represent them,
depending on the combinations of precipitation parameters more commonly used: antecedent precipitation,
duration, accumulated intensity and rain, and the most commons are that obtained by Caine and Aleotti.

An analytical presentation of the concept of threshold of precipitation of a debris flow was recently introduced by
Iritanno et al. (1998), who introduced the called function of mobilization Y(t), indirectly describing all the factors
that contribute to trigger a process of landslides and that is dependent, in every moment of time t, the amount of
water infiltrate on the ground before the time t.

In the full article was applied the Iritanno’s function of mobilization to the records of precipitation that produced
the debris flows in the north of Puebla State, in the country of México, obtaining relationships intensity of rain-
duration for these debris flows are greater from 3.43 to 2.1 times over empirical thresholds of precipitation
generators of debris flows proposed by Caine and Aleotti in other regions of the world.
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The combined effect of complex rupture mechanism and topography in regional distribution pattern of
the landslides triggered by the 12 January 2010 Haiti earthquake

GORUM T.(1), VAN WESTEN C.(2), KORUP 0.(3), VAN DER MEIDE M.(2), FAN X.(2), VAN DER MEER
F.D.(2)

(1) Natural Sciences Research Center, Yildiz Technical University,, ISTANBUL, TURKEY ; (2) Faculty of Geo-
Information Science and Earth Observation (ITC), University of Twente, ENSCHEDE, NETHERLANDS ; (3)
Institut fur Erd- und Umweltwissenschaften, Universitat Potsdam, POTSDAM, GERMANY

The 12 January 2010 M,y 7.0 Haiti earthquake occurred in a complex deformation zone at the boundary between
the North American and Caribbean plates. Combined geodetic, geological and seismological data posited that
surface deformation was driven by rupture on the Léogane blind thrust fault, while part of the rupture occurred as
deep lateral slip on the Enriquillo-Plantain Garden Fault (EPGF). The earthquake triggered >4492 landslides,
mainly shallow, disrupted rock falls, debris-soil falls and slides, and few lateral spreads, over an area of ~2150
km?. The regional distribution of these slope failures defies those of most similar earthquake-triggered landslide
episodes reported previously. Most of the coseismic landslides did not proliferate in the hanging wall of the main
rupture, but clustered instead at the junction of the buried Léogane and EPGF ruptures, where topographic relief
and hillslope steepness are above average. Also, low-relief areas subjected to high coseismic uplift were prone
to lesser hanging-wall slope instability than previous studies would suggest. Here we show that a combined
effect of complex rupture dynamics and topography primarily control this previously rarely documented landslide
pattern. Compared to recent thrust fault-earthquakes of similar magnitudes elsewhere, we conclude that lower
static stress drop, mean coseismic displacement, and blind ruptures of the 2010 Haiti earthquake resulted in
fewer, smaller, and more symmetrically distributed landslides within inter-fault blocks (i.e. hanging and foot wall),
thus differs from previously documented surface rupture thrust faulting-earthquakes.
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Relationships between large landslides and late orogenic antiforms in the Northern Apennines (N ltaly):
geomorphological, structural and thermochronological data

CHELLI A.(1), VESCOVI P.(1), CARLINI M.(1), CLEMENZI L.(1), ARTONI A.(1), TELLINI C.(1), TORELLI L.(1),
BALESTRIERI M.L.(2)

(1) University of Parma-Department of Physics and Earth Sciences, PARMA, ITALY ; (2) CNR-Geosciences and
Georesources Institute, FLORENCE, ITALY

In active mountain belts, landslides occurrence is also connected with tectonic activity. Besides, denudation
processes may be related to the response of the slopes to topographic disequilibria induced by tectonic uplift.
The Northern Apennines is an active fold and thrust belt made by convergence, since Late Cretaceous to
present, between European and Africa plates.

Neotectonic activity is testified by seismicity, geologic features and landforms evolution. Northern Apennines
experienced uplift since Pliocene with a remarkable increase in Late Pliocene and middle-upper Pleistocene.
This work aims to explore, through several case studies, the relationships between tectonic structures and large
landslides (Ossella, Mt. Cervellino and Corniglio-Braia landslides). In the area between Enza Stream and Taro
River catchment basins (in the Emilia Romagna region), north of the Apennine watershed, geological,
geophysical and thermochronological data allowed to relate the surface uplift to antiforms representing the most
recent tectonic structures in the area. Based on AFT thermochronological data, late orogenic uplift was active
between 9 and 3 Ma, becoming younger from inner to outer portions of the mountain ranges; geological data
constrain the activation of surface erosion processes since around 5 Ma.

The spatial relationship among the antiforms and large landslides and DSGSD has been established through the
use of GIS. Detailed structural and geomorphologic analyses allowed to infer that landslide mechanism and type
is controlled by the tectonic features. In fact, rock slides and huge complex landslides affect mainly the antiforms’
forelimb. Thus, the disequilibria and steepening of the slopes, in response to surface uplift and folding, can be
regarded as a main causes for most of the studied landslides which represent one of the latest (at least since
30000 yr BP) surficial process shaping late orogenic antiforms of this portion of the Apennine.
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The apply of digital photogrammetric techniques in the generation of landslide inventories of high
temporal frequency for villafufre area (Cantabria, Spain)

GONZALEZ-DIEZ A.(1), FERNANDEZ-MAROTO G.(1), DOUGHTY M.W.(1), DIAZ DE TERAN J.R.(1),
REMONDO J.(1), CARDENAL J.(2)

(1) DCITIMAC, UNIVERSITY OF CANTABRIA, SANTANDER, SPAIN ; (2) DEPARTMENT OF
CARTOGRAPHIC, GEODETIC AND PHOTOGRAMMETRIC ENGINEERING. HIGHER TECHNICAL SCHOOL,
UNIVERSITY OF JAEN, SPAIN, JAEN, SPAIN

The landslide inventory of Villafufre area (Cantabrian Range, Spain), is a good example of multitemporal
landslide inventory because it has information about the existing landslides dated between 150,000 years to
1989, as well as their triggering factors. Recently, this inventory has been strengthened with data from a new
inventory of high temporal frequency, obtained in recent years from aerial images taken from 2003 to 2009, every
two or three years, treated through digital photogrammetry, image processing techniques, and with field
methods. The images used have high geometrical accuracy (25 cm of pixel size), radiometric amplitude (color
and infrared) and are in digital format. Using digital photogrammetric treatments, a reference system for the
digital stereoscopic models obtained, by means the different flights used, was done which enables the right
measurement between the geomorphic vectors identified. The metric and semantic capacities of images, allows
the extraction of geomorphic information about the landscapes depicted. Beside, it is possible to apply this
technique with historical aerial images in order to the analyses of landslide modifications. This technique allows
to measure thousands of points in a short time, obtaining precise high point density models. With the use of such
methods it is possible to reduce many of the errors associated with landslide inventories: to improve the accuracy
in the position of the landslides identified; a correct identification of the affected area; a proper assessment of the
volume involved; reduce the uncertainties concerning the loss of landslide mass by erosion or rehabilitation of
the affected area. Moreover, it is possible to know precisely the role of trigger factor in the genesis of slope
processes, obtain relevant data for landslide hazard models, and to know which is the paper of the recent (a few
years) small landslides in slope instability and how these processes are contributing to geomorphic mass
transfer.
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Defining digital signatures of landslide types for semi-automated landslide mapping

EISANK C., HOLBLING D., FRIEDL B., BLASCHKE T.
Department of Geoinformatics - Z_GIS, University of Salzburg, SALZBURG, AUSTRIA

In visual image interpretation experts delineate and categorize landslides manually by analyzing a series of
qualitative characteristics that can be recognized in satellite images, aerial photographs or DEMs. Most criteria
an interpreter would employ in manual mapping can be modeled with computer-based approaches such as
object-based image analysis (OBIA). Due to the lack of standards, the selection of adequate criteria and rules for
semi-automated digital mapping of landslides is usually performed in a subjective and time-consuming manner.
To speed up the process and to make it reproducible, the implicit knowledge experts employ in manual
interpretation has to be conceptualized and made explicit prior to semi-automated landslide modeling. The
proposed strategy for conceptualizing landslide knowledge is two-fold: firstly, we analyze the available literature
with respect to the knowledge and criteria that researchers applied to the mapping of landslides; secondly, we
organize an expert workshop where the outcomes of the literature review will be critically discussed and a set of
digital signatures of landslide types defined. These signatures should specify (i) the optimal combinations of
spectral and morphometric layers for OBIA, and (ii) the optimal set of spectral, spatial, morphometric, textural
and contextual features, as well as the feature-dependent thresholds and value ranges for the semi-automated
mapping of landslides. We anticipate that the digital landslide signatures will heavily support the development of
transparent and standardized landslide analysis workflows that are based on remote sensing data and
implemented in OBIA frameworks.
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Age-dependent footprint of landslides in airborne laser scanning digital terrain models

BELL R.(1), PETSCHKO H.(1), BRENNING A.(2)

(1) Dept. of Geography and Regional Research, University of Vienna, VIENNA, AUSTRIA ; (2) Department of
Geography and Environmental Management, University of Waterloo, WATERLOO, CANADA

To assess the frequency and magnitude of landslides and their role in landscape evolution and sediment budgets
as well as to analyze the hazard and risks posed by them, it is crucial to compile substantially complete landslide
inventories as a first step. Airborne laser scanning digital terrain models (ALS DTM) provide an excellent source
for mapping landslides. However, nothing is known about the age if only an ALS DTM is used as data source. In
some cases the relative age can be determined from the freshness of the of landslide features. This is of course
not possible for landslides that have disappeared from ALS DTM due to natural erosion or human impact. Thus,
field- or ALS DTM-based methods for analyzing the time span taken to modify and blur landslides are needed. In
this study, examples from the Swabian Alb in southwest Germany and the Austrian province of Lower Austria are
examined regarding possible relationships between landslide age and features detectable in the ALS DTM.
Landslides were mapped based on the interpretation of ALS DTM hillshades and combined with landslide age
information from other sources (e.g. historical archive analysis, aerial photographs, archive on damaging
landslide events of the Geological Survey). The oldest dated landslide occurred approx. in 1690. Landslide age
was compared to various roughness parameters derived from the ALS DTM. Furthermore, relationships between
human land management and landslide features were analyzed. The resulting correlations suggest that ALS
DTM-derived roughness parameters may have promise in assessing the age of landslides that are relatively
unaffected by human land management. Many landslides disappeared completely within the analyzed sources
due to human impact which may have a strong influence on the correct assessment of frequency and magnitude
of landslides for a given study area.
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Long-term monitoring of slow-moving landslides: examples from the Island of Malta (Central
Mediterranean Sea)

DEVOTO S.(1), FORTE E.(2), MANTOVANI M.(3), MOCNIK A.(2), PASUTO A.(3), PIACENTINI D.(1), SOLDAT!I
M.(1)
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(2) Dipartimento di Matematica e Geoscienze, Universita di Trieste, TRIESTE, ITALY ; (3) CNR-IRPI, Consiglio
Nazionale delle Ricerche, Istituto di Ricerca per la Protezione Idrogeologica, PADOVA, ITALY

Slow-moving landslides are widespread along the north-western coast of the Island of Malta. They mainly consist
of rock spreads and block slides which are strictly linked to the geological setting of the area, namely the
overposition of limestones and clayey terrains.

Despite their slow speed rates, these types of landslides may cause damages to infrastructures and favour the
onset of faster mass movements, such as falls, slides, topples and flows. Therefore a quantitative analysis of
rock spreading and block sliding evolution and their relationships with collateral slope movements are crucial in
terms of hazard assessment.

This paper illustrates the results achieved by means of a multidisciplinary and multitechnical approach aiming at
defining quantitatively the rates of displacements of the above-mentioned landslides, by combining the outcomes
of a traditional geomorphological survey with the outputs of different monitoring techniques and geophysical
investigations.

In particular, the state of activity and kinematics of landslides were determined by using GPS observations
acquired over a 7-year-time interval, approximately every 6 months, at the end of wettest and driest seasons.
The GPS networks, installed at Ghajn Tuffieha Bay and Il-Prajjet, consist of a series of benchmarks distributed
on the limestone plateaus affected by rock spreading and on a series of blocks displaced by block sliding.

At lI-Prajjet, research activities have been integrated by GPR and ERT geophysical investigations and by the
installation of two automated fissurimeters, which record continuously surface deformations related to two
persistent discontinuities caused and enlarged by block sliding movements.

Finally, the multidisciplinary approach implemented enabled a deeper understanding of slow-landslide kinematics
to be achieved and provided an essential basis for an improved coastal hazard assessment and management.
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Monitoring of large mass movements on El Hierro, Canary Islands, Spain

BLAHUT J.(1), KLIMES J.(1), YEPES J.(2), GALINDO I.(3)
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Department of Geoscientific Research and Forecast, Geological Survey of Spain, LAS PALMAS DE GRAN
CANARIA, SPAIN

Coastal and submarine landslides around volcanic islands are the largest known mass movements on Earth.
Canary Islands in Spain are one of the places where they regularly occurred during last 300 thousand years, also
triggering several tsunamis. In summer 2011 intense seismic activity begun and continues along a volcanic rift on
the El Hierro island, the youngest and most tectonically active island of the archipelago.

The presentation aims to show first results from the newly set-up monitoring within a National Geographic
Society/Waitt Grants Program project: “Mega-landslides: imminent hazard or sleeping giants? Monitoring the
landslide hazard related to ongoing volcanic activity around El Hierro, Canary Islands, Spain”. The monitoring
consists of precise TM-71 dilatometers capable of recording three dimensional movements between rock blocks,
including rotations, at predefined time intervals and have a precision of better than 0.007 mm. Such precision
allows recording micromovements along the faults and fissures that form potentially active landslide shear
planes. Relation of the recorded movements to the seismic and aseismic activity on El Hierro will be presented
and discussed.
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Landslide monitoring, temporal analysis and susceptibility assessment at Machu Picchu, Peru

VILIMEK V.(1), KLIMES J.(2)
(1) Charles University in Prague, Faculty of Science, PRAGUE, CZECH REPUBLIC ; (2) Academy of Sciences,
Institute of Rock Structure and Mechanics, PRAGUE, CZECH REPUBLIC

Since the alarming news about landslide threat for the Machu Picchu historical site has been revealed, net of
dilatometric measurements monitors possible gravitational movements within the Inca city. Landslide occurrence
information for its surrounding was acquired by multi-temporal aerial photo interpretation and field mapping. This
showed that the coarse time resolution of the historical landslide information may lead to inaccurate
interpretations regarding landslide occurrence frequencies in some parts of the study area. Also the assumption
that the past landslide frequency can be used to describe the future landslide occurrence was not proved.
Thereafter, unique conditional analyses were undertaken to assess landslide susceptibility using a limited
number of preparatory factor maps. It showed that large majority of the Inca City is located on least susceptible
areas within the region. The results of the susceptibility assessment combined with landslide occurrence
frequencies may serve as a basis for the landslide hazard mitigation in the studied area. For these purposes,
pixel based susceptibility maps were generalized into expert defined landslide management units. These units
provide site managers with easily understandable and applicable hence reliable information about future
landslide occurrences. An approach describing usage of the resulting susceptibility maps for on site mitigation
purposes was described with respect to the needs of Machu Picchu site managers.
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Landslides and erosion times on the Batchingou massive (West Cameroon)

MBATCHOU MBATCHOU S.(1), TCHINDJANG M.(2), WAKPONOU A.(1)
(1) University of Ngaoundéré, NGAOUNDERE, CAMEROON ; (2) University of Yaoundé I, YAOUNDE,
CAMEROON

Usually considered as the breadbasket of Cameroon for its rich farmlands, the Western Region Cameroon,
densely populated, today faces accelerated erosion and run off linked to the agricultural and pastoral activities
that provoke mass movements on exposed slopes. This is what we observed on the flanks of the Batchingou -
Bana mountains. Heavy rainfall recorded in recent years due to climate variability (rainfall) also cause times
erosion. This situation have resulted in the destruction of crops, obstruction of communications traffic and cut,
then the destruction of sociocultural and art works (water tower). Also, these threats are due to increased of
human activities.

This paper aims to assess the causes of the occurrence of these risks and vulnerability of exposed populations.
Indeed, farming, deforestation (for heating), cattle rearing and digging of pits are growing enough to cause deep
lacerations on the slopes. If the purpose of this article is a summary assessment of these phenomena, the
methodology used consisted of a direct observation of erosion scars that we measured and spatialized on a map
using a GPS (maximum precision 4m) and a double tape measure (50m). We also assessed the erosion rate by
collecting eroded material for laboratory analysis.

The results show that the 50 scars observed and measured depended not only on human activities, but also the
worsening climate which is a signal of climate variability and climate change that people still fail to adapt. Indeed,
for them, the reduction leads to decreased on productivity due to late and misleading rainfall, and a significant
crops exposure to dryness. Rainfall becomes scarce as in the past, but rare and violent.

Finally, it appears important to adopt anti erosion measures on this mountain such as seedling local species
adapted to improve the cohesion of the soil with a good root system, reducing the effects of heavy and
aggressive rainfall and ensuring better slope stabilization.
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Geomorphological evolution in some clayey small catchments of central and Island Italy during the last
15,000 years

AGNESI V.(1), ARINGOLI D.(2), BUCCOLINI M.(3), COCO L.(3), DEL MONTE M.(4), GENTILI B.(2),
MATERAZZI| M.(2), PAMBIANCHI G.(2), SCIARRA N.(3)

(1) University of Palermo, PALERMO, ITALY ; (2) University of Camerino, CAMERINO, ITALY ; (3) University of
Chieti, CHIETI, ITALY ; (4) University of Rome, ROME, ITALY

In this work the geomorphological evolution in some clayey small catchments of Italy has been recognized. The
most important element of space-time correlation is the contemporary starting of the last phase of deepening of
the hydrographic network, during the end of Late Pleistocene. More in detail, the four areas considered,
representative of the clayey landscape of Italy, are located respectively on the Adriatic (2) and on Tyrrhenian (1)
side of central Italy and in the central-western Sicily (1). All these areas are not so large (up to 12 km?) and are
characterized by a similar composition of bedrock, similar relief and, in general, by analogous morphodynamic
characteristics. These areas are affected by strong erosional processes of mixed type (landslides and/or runoff
effects, like badlands). Basing on geomorphological correlations (locally supported also by radiometric dating),
between surfaces considered coevals, it seems realistic to hypothesize an analogous temporal evolution of the
hydrographic network among the different areas. These chronological/geomorphological constraints, allowed us
to reconstruct, by means of topographic processing and GIS analyses, the geomorphological evolution of the
sample areas and to estimate (in some cases) the soil erosion rate for the considered time span (last 15,000
years).

The results obtained are consistent with the data available in literature both for Italy and the Mediterranean
Europe and, more in particular, confirmed that very intense erosion processes occurred as a consequence of the
Holocene climatic improvement.
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Impacts of post glacial rebound on landsliding at a regional scale in Northern Iceland (Skagafjéréur):
spatial distribution and mechanisms involved
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UMR Geolittomer, NANTES, FRANCE ; (3) UMR Geolab, CLERMONT-FERRAND, FRANCE ; (4) NNV,
SAUDARKROKUR, ICELAND

Paraglaciation has often been considered as a main predisposing factor in landslide occurrence; its
consequences have been particularly well identified at a fine scale (especially on bedrock jointing). However, the
impacts of paraglaciation on hillslope dynamics at a regional scale have never been discussed. We focus here
on the Skagafjordur area (Northern Iceland) to compare the role of paraglaciation with that of classic factors
(topography, lithology etc.) in landslide occurrence, using a spatial analysis (based upon a chi-square test). The
results highlight that landslides are over-represented in areas where post-glacial rebound was at its maximum
(i.e. there is a concentration of landslides in the northern part), which fits well with the first chronological
benchmark we obtained. Thus, landslides occurred during the first half of the Holocene, when the post-glacial
uplift was at its maximum. Finally, the mechanisms that link post-glacial rebound and landsliding are discussed.
On the one hand, post-glacial rebound is identified as an efficient process to generate slope instabilities, leading
to a concentration of landslides in the northern part of the fjord. On the other hand, the expected role of glacial
debuttressing cannot be demonstrated here, although it is often considered one of the most important paraglacial
influences on landsliding.
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Long-term slope instabilities of southern slopes of the Crimean Mountains (Ukraine), the role of
karstification and slope-disequilibrium phases of the Late Quaternary

HRADECKI J., PANEK T., SMOLKOVA V., SILHAN K., LENART J.

University of Ostrava, Faculty of Science, Dept. of Physical Geography and Geoecology, OSTRAVA, CZECH
REPUBLIC

A giant system of various types of gravitational slope deformations was recognized in the area of the southern
slopes of the Crimean Mountains. In this area we cantest the impact of palaeoenvironmental changes on the
acceleration of slope processes and the role of preparatory and triggering factors. Main target of this paper is to
determine time constraints ofthe slope deformations within coastal escarpments and adjacent lower parts of the
slopes. With the use ofvarious dating approaches we are able to focus on the timing of different slope
instabilities. Individual phases of Late Quaternary landslide instabilities have been revealed by means of
numericaldating. The dating methods of U/Th series, **C dating and **Clexposure dating were used. We are
working with a hypothesis that the period of slope instabilities was preceded by avariable-length pre-sliding
phase which was connected with the weakening of the masiff as a result of weathering. In the studied region this
phase was brought about by deep karstification and genesis ofspleothemes within cave environment. In the case
of the resulting landsliding, the caves opened putting anend to the development of speleothems (unroofed
caves). New CaCO3; cements that formed in porespaces of block accumulations can be dated using U/Th series.
The fact that the Crimean Mountains lie in a seismically active region stands for one of possibletriggering factors
of the slope instability (esp. rockfalls, rock avalanches). One of the most important preparatory factors is
karstification of the limestone masiff together with its tectonic features. Interrelations between karstified rocks and
deep-seated ridge disintegration leading to slope instability propagation are studied on the basis of
structuralmeasurements and detailed geomorphological analyses.
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The 'El Forn' landslide, Principality of Andorra: a survivor of the late Pleistocene glacier activity

COROMINAS J.(1), PLANAS X.(2)
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Territorial, Govern d'Andorra, ANDORRA LA VELLA, ANDORRA

Landslide deposits are typically found blanketing the floor of valleys which were previously occupied by
Pleistocene glaciers. Because of this, it is often assumed that such landslides occurred during the Holocene. The
El Forn landslide is a complex large slide-earthflow located next to the Canillo village in the upper Valira river
valley which age and instability process has been associated to the retreat of the Valira glacier (Soutadé, 1988;
Corominas, 1990; Santacana, 1994). In this communication we present a new interpretation of the geomorphic
evolution of El Forn landslide from the detailed analysis of a set of drilling cores, laboratory analysis, field
reconnaissance and review of previous studies. The main phases of the emplacement of the landslide are
discussed considering the sedimentological interpretation of the drill cores and dating of the organic remnants. At
least, three main instability phases have been identified and several evidences indicate the existence of an on-
going slope deformation in the landslide head. The first one started in the Upper Pleistocene. The relationship of
the landslide with the Pleistocene glaciers has been revisited and we conclude that the oldest landslide deposits
have been partially reshaped by the advance episodes of Valira glacier although some uncertainties still remain.
Finally, present day stability of the landslide is discussed based on the existing geomorphic indicators, borehole
inclinometers and DINSAR measurements. The results show the pattern of the present landslide activity is
complex and that the different landslide units behave in a non-homogeneous way.The DInSAR results have also
shown that the deformation of the rockmass extends beyond the “El Forn” boundary.
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The morphogenesis of deep-seated landslides in the Romanian Curvature Carpathians as a proxy in
regional landslide hazard assessment

MICU M.(1), JURCHESCU M.(1), MICU D.(1), BALTEANU D.(1), ZAREA R.(2), LEAU L.(2)
(1) Institute of Geography, Romanian Academy, BUCHAREST, ROMANIA ; (2) Romanian Waters Company,
Buzau-lalomita Branch, BUZAU, ROMANIA

The deep-seated landslides in the Curvature Carpathians of Romania are showing complex occurrence patterns,
favored by the regional structural, lithological, neotectonic, climatic characteristics or land-use changes. The
combination of the numerous predisposing, conditioning and triggering factors lead to a large spectrum of
landslide types (e.g. shallow translational slides in the outer Subcarpathian hills, deep-seated debris and rock-
slides in the Carpathian range), with different morphogenetic features. Landslide complexity is enhanced by the
active seismicity of the area alongwith the results of an intense and long-lasting habitation (e.g. deforestation).
Rainfalls are commonly a primary factor in landslide triggering in the study region (subsequently followed by
freeze-thaw episodes and earthquake events) and depicts three patterns of manifestation: i) spring showers
overlapping snowmelt, ii) torrential heavy summer rainfalls and iii) long-lasting autumn showers. The aim of this
contribution is to reveal the morphogenetic and morphodynamic complexity of these processes, which may
induce important uncertainties in the regional landslide hazard assessment. The paper also outlines the seasonal
distribution of rainfalls, imprinting the dynamic character of the movement, which further controls the landslide
morphology. The role of temperature in landslide failure is also discussed in this work, focusing on the spatial
and temporal variability showed by the frequency and intensity of freeze-thaw cycles. Relationships between the
main meteorological variables involved in landslide initiation are investigated herein (based on in situ
measurements during several relevant episodes), which are discussed in terms of frequency-magnitude
correlations. This study can be considered a step forward to a reliable hazard assessment by including more
properly such complex processes in the regional landslide inventories.
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Repeated rock avalanches onto the Brenva Glacier (Mont Blanc massif, Italy) during the Holocene
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Rock avalanching represents a potential high risk for growing infrastructure and people living in high mountain
areas. This hazardous process is due to steep slopes, high relief, intensive rock fracturing, seismicity,
paraglacial control, periglacial climatic conditions and the presence and interaction of snow, glaciers, and
permafrost. The timing of rock avalanche recurrence intervals is essential.

Numerous rock avalanches (RAs) have affected the south-east side of the Mont Blanc massif (European Alps) in
the late Holocene, especially the basin of the Brenva Glacier, where the low-friction substrate offered by the
glacier caused excessive run-out distances. As in 1920 and 1997, RAs (volume > 1 million m®) that travelled onto
this glacier mobilized a large amount of ice and snow, and reached the valley floor. Historical (e.g. etchlngs)
geomorphological evidences (e.g. concave slope of the lateral moraine distal flank), and datations ( ‘c,
lichenometry) suggest their high frequency during the Late Holocene Besides the two 20™ Century RAs, several
RAs have been dated to: shortly before 1767 AD; the 14" Century (which will give sense to the legend of the
destruction of the village of Saint-Jean de Purthud); the early Middles Ages (after 426—615 AD); and around 3
ka.

As suggested by the several decametre-thick sediment accumulation at the base of the south lateral moraine and
the 1-m-thick rock deposit of the ice-RAs of 1920 and 1997, probably more than 10 RAs of this type occurred
during the Neoglacial. In some cases, large debris flow were triggered by the catastrophic drainage of the lake
resulting from the ice-rock damming of the Val Veny, as suggested by the matrix-supported diamicton of granite
boulders exposed downstream in excavations over a 3 km distance and dated to 2.7-2.3 k.yr BP. With the
current degradation of rockwall permafrost due to the global warming, Brenva RAs could therefore threaten again
the valley floor in the next future.
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Giant landslides at Late Pleistocene highstands of the Caspian Sea

PANEK T.(1), HRADECKY J.(1), MINAR J.(2)
(1) University of Ostrava, OSTRAVA, CZECH REPUBLIC ; (2) Comenius University, BRATISLAVA, SLOVAKIA

Late Pleistocene transgressions of the Caspian Sea, which culminated during the Early Khvalynian stage (+50 m
a.s.l.), caused massive inundation of low-lying landscapes at the northern and north-eastern margin of the basin.
Pronounced escarpment (with length ~1500 km and height 100 — 150 m) attributed to Khvalynian transgressions,
is contemporarily situated mostly far from the Caspian Sea shoreline, in the semi-desert area of the western
Kazakhstan in the Ustyurt plateau and Mangyshlak peninsula. Satellite image and DEM analysis together with
field inspection revealed that the escarpment is affected by more than 300 giant landslides, >100 of which are
characterized by the volume exceeding 10°m?®. The landslides form distinctive amphitheater-shaped scarps and
long-runout lobes accumulated on very gently (<5°) inclined slip surfaces. Deep-seated (>50 m) proximal
rotational deformations affecting horizontally-bedded Miocene limestones, marls and claystones contrast with
rather shallow (<10 m thick) lobes formed by completely mixed and thrusted material with the signs of flow-type
emplacements and liquefactions. A majority of landslide toes are clearly cut by Late Glacial and Holocene
shorelines (e.g. +50, +22, 0, -20, -22 m a.s.l), dated by AMS to particular stages occurring between Late Glacial
— Middle Holocene. The age of these abrasion levels determines the minimum age of the landslides. Most of
them originated most likely during the maximum highstand of the Early Khvalynian transgression (13.6-11.8 ka
BP). However, distinct erosion of some landslides indicates their pre-Khvalynian age - probably attributed to
earlier Late Khazar transgression (122-91 ka BP, -10 m a.s.l.). Based on our findings, ancient landslides
occurring along the cliffs of the Late Pleistocene highstand of the Caspian Sea form the world’s largest cluster of
giant landslides situated entirely in the low-topography settings outside the mountain belts.
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Long term evolution of 'Les Vaches Noires' cliffs and spatio-temporal occurrence of landslides (Calvados,
Basse-Normandie, France)
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Along 4.5 kilometers between Houlgate and Villers-sur-Mer (Calvados, Lower-Normandy), the ‘Vaches Noires’
cliffs evolve under the action of various sub-aerial weathering and marine processes. The main scarp is formed
by a thick layer of limestone that recedes by rotational landslides and rockfalls. The downslope part presents a
chaotic morphology affected by mudflows flowing between pinnacles.

The aims of the study are (1) on global scale, to analyze the historical and morphological evolution of these
slopes, and (2) on local scale, to study a large landslide that occurredin the first part of the XX"century.

To analyze the historical and morphological evolution of the slopes, we used a diachronic method to quantify the
displacements and the evolution of the coastline position since 1759. The analysis is based on
numeroushistorical documents(archives) and spatial data (maps, cadastral surveys, air-photo images from the
French national geographic institute (IGN) and GPS)which uncertainties and accuracies were quantified. In
function of the nature of the materials, the toe erosion rate ranges from 10 to 15 cm per year which appears
relatively low on human scale. However, at numerous places, the sea action is balanced by the materials
provided by the active mudflows. The ‘toe coast line’ is then temporarily in progression during the necessary time
for the sea action to put off the loosed and softy materials.

On local scale, for the ‘Ermitage landslide’, morphodynamic maps were performed in the field using cartographic
GPS in order to define the surface morphology and the estimated landslide activity. These field measurements
were completed with the analysis of all available air-photo images, in order to identify the occurrence dates and
the possible landslides reactivations. The back calculation modelling allow the proposition of an evolution
scenario, the position of the slip surface and the relative weight of the different triggering factors.
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Magnitude-frequency scaling of a long-term inventory of landslides in Great Britain

HURST M.D., ELLIS M.E., ROYSE K.R., LEE K.A., FREEBOROUGH K.
British Geological Survey, NOTTINGHAM, UNITED KINGDOM

The link between the size of landslides and how often they occur is important to constrain both for the
assessment of hazards associated with a particular event, and for understanding the long-term mass flux within a
landscape. Landslide inventories are usually compiled following a particular triggering event such as an
earthquake or storm, and their statistical behaviour is typically characterized by a form of power-law with a small-
magnitude rollover. Here we explore the statistical behaviour of a geomorphic landslide inventory for Great
Britain, consisting of mapped landslide deposits of unknown age. We use a subset from a high-quality database
of over 10,000 landslides which have been verified by geological mapping of Great Britain over the last century.
This landslide dataset exhibits magnitude-frequency scaling similar to that observed for event-triggered
inventories. In this case, magnitude refers to the area of the deposit (A) and frequency refers to how many have
occurred in the geologically recent past (probably post-last glacial maximum). The resulting probability
distribution is well approximated by both a double-Pareto distribution and a truncated inverse gamma function.
This means that for medium-large landslides (A > 5000 mz) the frequency of landslides decreases as a negative
power-law function of the size of the event. Conversely for small landslides (A < 5000 mz), frequency decreases
with decreasing landslide size. The position of the peak in frequency (A = 5000 m2) is offset towards larger
events, compared with inventories where the record can be considered complete, which may suggest that the
record is under-sampled with respect to smaller landslides. We split the data into broad lithologic groups to
identify which rock/deposit types are most susceptible to landsliding. Finally, we categorise the type of mass
movement to explore whether the scaling relationships vary for different failure processes.
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Tree-ring analysis in the reconstruction of slope instabilities associated with earthquakes and
precipitation (the Crimean Mountains, Ukraine)
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The Crimean Mountains in Ukraine constitute a seismically active region that is abundant in various types of
mass movement. The limestone escarpments that rise above the Black Sea coast in the vicinity of the town of
Yalta are particularly subject to considerable rockfall, landslide and debris flow processes that often endanger
infrastructure and human life. One of these very active slopes is the area of the ancient Taraktash rockslide,
characterized by active block-type movement (lateral spreading, toppling, incipient sliding), rockfall, ongoing
sliding activity and debris flow. The aims of this study were (i) to employ tree-ring analysis to reconstruct a record
of slope instabilities (mainly block-type movement, rockfall, landslide and debris flows) within the Taraktash slope
deformation over a period of more than two centuries and (ii) to establish the degree of correlation between
periods of enhanced slope activity and both historical earthquakes and climatic data. The temporal frequency of
significant slope processes was addressed through a tree-ring analysis that took 738 increment cores from 255
Crimean pine trees(Pinus nigra ssp.pallasiana).The tree-ring record reveals periods of increased activity of block-
type movements, rockfall and sliding during major earthquakes in 1790, 1875, 1927 and 1986. Although the
slope processes studied are predominantly driven by seismic activity, their intensity and duration is also
dependent on climatic factors.
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Analysis of high magnitude mass movements on January 2011 rainstorm - Nova Friburgo, Brazil

LIMA R., MARCAL M.
UFRJ Federal University of Rio de Janeiro, RIO DE JANEIRO, BRAZIL

On January 11", 2011, the Mountain Region of Rio de Janeiro State was hit by 240 mm rain in 24 hours. This
event caused high magnitude landslides and floodouts, which displaced 2.354 people and damaged seven cities
infrastructure. A role of actions from Brazilian authorities was mobilized to assist communities located in the most
impacted areas.

The Mountain Region of Rio de Janeiro State is placed within the morphoclimatic context of “Serra do Mar”,
presenting scarped reliefs and 1.283mm annual precipitation. The rain concentration in the months of summer
associated to susceptible soil types makes this region prone to the occurrence of mass movements.

This study aimed to identify the mass movements occurred during 2011 rainstorm, and to evaluate their
geographical distribution, connectivity to the drainage system, stream channel morphology adjustments, as well
as correlations with physiographic settings such as precipitation, land use and soil types.

The Dantas catchment (53km?) was the most affected area with 197 landslides mapped through Google Earth ™
images. From this total, 44% reached river bed and 66% were disconnected to the channel. However, the sum of
connected landslides represented a 4 times larger area than the disconnected ones (2 km? and 0,5km?
respectively). The huge soil volume that reached river bed in different locations caused impoundment followed by
sequential disruptions of high viscosity debris flow.

The landslide mapped areas were analyzed on a GIS environment, due to assess the relation of these
occurrences with the land conver, soil type and precipitation. The results presented that 55% of the landslides
occurred in areas with rainforest cover; 64% of events occurred in areas of Latosoil Red Yellow alic; and 70%
occurred in areas within 200-240mm precipitation.

Channel rehabilitation programs are being implemented on strategic sites of Dantas catchment due to reestablish
geomorphic equilibrium condition.
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Spatio-temporal landslide dynamics and their contribution to the channel system from 1946 to 2011,
Southern Ruahines, New Zealand

RIEDLER R.A.(1), FULLER I.C.(2), GLADE T.(1), BELL R.(1), MARDEN M.(3)

(1) University of Vienna, VIENNA, AUSTRIA ; (2) Massey University, PALMERSTON NORTH, NEW ZEALAND ;
(3) Landcare Research, GISBORNE, NEW ZEALAND

In New Zealand’s North Island, where mountains occur in close proximity to densely populated areas, landslides
strongly influence human activity and infrastructure. Shallow landslides frequently cause extensive damage to
transport routes and contribute to the loss of fertile agricultural land further downstream.

The Southern Ruahine Range, reaching up to a height of 1710 m.s.l, is such an environment. While detailed
investigations on landslide activity and sediment flux from this Range were carried out in the 1970's and 1980's
there have been no follow-up-investigations since then. Our aim is to better understand the reasons for the
spatio-temporal change in landslide distribution patterns, their connectivity to streams and their contribution to
the sediment flux from the 221 km? study area over a 65-year period (1946 to 2011). In addition, these
relationships were studied in greater detail within a 11.3 km? sub-catchment. Methods used to identify landslide
locations and determine their connectivity to the channel system included aerial photograph interpretation and
data capture using Geographic Information Systems supported by field measurements using RTK-dGPS and
tacheometric surveys to derive landslide area and volumes.

Using six sets of aerial imagery (1946, 1974, 1977, 1999, 2005, 2011) more than 8,500 individual landslides
were mapped. Landslide distribution is temporally and spatially variable. Total landslide area ranges from 0.24
km?2 (1999) to 2.25 km? (1974) and largely reflects the timing and influence of high intensity rainfall events. For
the same reason hillslope-channel connectivity is similarly variable ranging from 38% of landslides in 1946 to
78% in 2005.

A better understanding of the drivers of these spatio-temporal changes in the Southern Ruahine Range will
benefit policy decisions on remediation strategies required to limit future off-site damage as a consequence of
landsliding and excessive sediment flux downstream of this Range.
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Slope movements shaping the landscape in the Daunia Apennines (Southern Italy), and their effects on
the built-up environment

PARISE M., VENNARI C.
CNR-IRPI, BARI, ITALY

The southern Apennines of Italy are characterized for wide sectors by outcropping of clay materials, highly prone
to slope movements. This determines a high susceptibility to landslides, which, combined to expansion of the
urban areas during the second half of the last century, bring to high vulnerability, too. In Daunia, the hill-to-
mountain sector of Apulia, a transition area between the Apulian plain and the Apenninic Chain, slope
movements represent the main agent modelling the landscape. They are mostly in a dormant state of activity,
which nevertheless can change to active, generally due to rainfall or seismic triggers. A further triggering factor,
which is quite often under estimated, is represented by the human action. Lack in the identification of ancient
slope movements, and planning of engineering works and construction in landslide-prone areas, has often
resulted in partial or total re-activations of ancient slope movements. In the present article, through analysis of an
historical database about landslides in Daunia, we intend to investigate the control exerted by gravity-related
phenomena on the landscape, the interaction between slope movements and human activities, and the effects
produced by landslides on the anthropogenic environment. The issue of rainfall-triggered slope movements is
also dealt with, with a first attempt in identifying pluviometric thresholds for the study area.
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Constraining relative chronologies of mass movements using soil characteristics

KACPRZAK A.(1), MIGON P.(2)

(1) Jagiellonian University, Institute of Geography and Spatial Management, KRAKOW, POLAND ; (2) University
of Wroclaw, Department of Geography and Regional Development, WROCLAW, POLAND

There have not been too many attempts to use soils as indicators of the age of landslides. The Kamienne Mts
(SW Poland) are a mountain range which abounds in morphological evidence of past mass movements, often
suggesting processes of relatively recent date. However, no historical records of landslide activity are available.
On the other hand, it is usually assumed that in this part of Europe most slope materials owe their origin to
processes acting in the Pleistocene, while soils are largely products of Holocene pedogenesis altering periglacial
slope materials.

We put up a working hypothesis that landslides in the Kamienne Mts, or at least some of them, may have
occurred in the Holocene, hence under conditions similar to those of today, but prior to historic times. To verify
this hypothesis a study of cover materials and soils on landslide-affected hillslopes was undertaken. It followed
an assumption that, if soil material is not removed by erosion, the degree of soil profile development increases
with age. If landslides predate the Holocene, soils within and outside landslide-affected slopes should have
similar characteristics. Conversely, differences in the degree of soil development on individual slope facets may
indicate that they are of different ages, supporting the hypothesis of Holocene age of landslides with poor soil
development.

The main investigated soil characteristics included horizonation i.e. the number and thickness of specific soil
horizons, the degree of development of soil structure, the content of organic carbon and its distribution in the soll
profile, soil texture i.e. particle size distribution, the content and lithology of rock fragments. The results indicate
that some slopes have been evidently unstable in the Holocene and different generations of landslides are
recognized. Estimation of the absolute age of the landforms is not yet possible. So far we are able to discern
Pleistocene forms from the ones originated in the Holocene.
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Crevice-type rockslide caves and their relation to the slope deformations

LENART J., PANEK T.

Department of Physical Geography and Geoecology, Faculty of Science, University of Ostrava, OSTRAVA,
CZECH REPUBLIC

Crevice-type rockslide caves are developed in a different types of rocks (sediments, granites, limestones) where
some kinds of slope deformations are established. The rockslide caves originate by the process of fissure
propagation within the landslide body. The different types of mechanisms are enforced such as toppling,
spreading and rotational movement. Each of them is accompanied by the genesis of typical shapes of
underground crevices. Some crevice-type cave systems reached the tens of meters depth and thousands of
meters length. The caves occur in the different parts of landslide body such as initial crevices above the landslide
headscarp, within the slided blocks in the transport zone of the landslide and within the doubled ridges. We
investigated some of the typical localities with occurrence of landslides and crevice-type caves: e.g. Crimean
mountains (limestones), Outer Western Carpathians (flysh rocks — sandstones, shales; limestones) by several
methods: electrical resistivity tomography, microstructural measuring, speleological and surface mapping, digital
elevation model and cave maps comparison. By using these techniques we can investigate the internal and
external structure of the landslide just in place and discover the genesis, succession and origin of the slope
deformation.
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Cliffs and screes: the Reverend Fisher, Bakker and Le Heux, Statham and Kirkby and DEM

RICHARDS K., BITHELL M.
University of Cambridge, CAMBRIDGE, UNITED KINGDOM

The evolution of cliff-scree systems is a geomorphological problem with a long pedigree. Fisher (1866) and
Bakker and Le Heux (1947) first proposed geometrical solutions to the problem. In these, unit cliff recession
generates a volume of particles that define incipient scree at the foot of the cliff, and as successive units of
recession occur and the scree grows, the depositional layer becomes progressively thinner. This results in a
convex rock core being formed beneath the scree as the cliff retreats. This geometric argument lacks
consideration of the detailed process mechanics of scree development. Statham and Kirkby (1975, 1976)
therefore focused attention on the rockfall process involved in determining scree geometry and surface sediment
sorting; and explain how the scree slope increases as the cliff is buried, the scree tends to have a concave profile
rather than being a series of surface-parallel layers, and coarser particles tend to accumulate at the scree foot. In
this paper, we present results of Discrete Element Model simulations which reproduce the hypothesised
character of the underlying rock core, but suggest that individual rockfall events play a rather limited role in
determining bulk scree properties. Scree-head accumulations of rockfall debris instead trigger a sequence of
mass failure events of varying scale that redistribute particles, lower the surface gradient temporarily, and
generate a quasi-layered internal structure (with layers of sediment at lower gradients than the surface slope).
Some of these events may mobilise a substantial proportion of the scree volume. The concavity of scree surface
profiles is temporary, and more dependent on scree-head accumulation than on basal run-out; and the effect of
mass movement on the scree geometry may only be seen intermittently (and very rarely in stable post-glacial
screes). To test the hypothesis that mass movement is critical in scree evolution requires analysis of the internal
stratigraphy.
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Geomorphometric assessment of large mass movements in Afghanistan and Pakistan

SHRODER J.(1), BISHOP M.(2)
(1) University of Nebraska at Omaha, OMAHA, UNITED STATES ; (2) Texas A&M University, COLLEGE
STATION, TX, UNITED STATES

The discovery and investigation of large landslides in the Hindu Kush and western Himalaya over the last three
decades has demonstrated the significant influence of mass movement phenomena on coupled systems and
landscape evolution. In particular, large landslides influence fluvial and glacial systems, as well as regulate
catastrophic flood flushing of sediment. Nevertheless, we still lack a systematic quantitative approach for
assessing the character and influence of landslides on the geomorphic system. Consequently, the objectives of
this research were to investigate the utility of geomorphometry to characterize landside surface topography.
Specifically, we used an ASTER GDEM 30 m digital elevation model (DEM) and generated primary and
secondary geomorphometric parameters to examine altitudinal variations associated with erosional and
depositional landslide zones. Altitude profiles of slope and curvature indicate significant changes in the
topography associated with erosion and deposition zones. Planarity and concave profile curvature characterize
the upper zones, whereas hummocky topography and highly spatially variable curvature is characteristic in lower
depositional zones. Collectively, the hypsometry and altitude profiles may be useful for differentiating landslides
and evaluating landscape dynamics. In situations where large mass-movement toes have moved into active
glacier or river valleys, the lower altitude mass-movement mass may have been removed by the active glacial or
fluvial processes, which can limit analysis. Nonetheless, geomorphometric assessment of mass movement in
the Hindu Kush and western Himalaya offers the prospect of quantitative assessments that may more adequately
characterize processes than other methods used heretofore.
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Geomorphological processes affecting the conservation of the Shahr-e Zohak archaeological site (Central
Afghanistan)

MARGOTTINI C.(1), FIDOLINI F.(2)

(1) Department of Geological Survey of ltaly, ISPRA, ROMA, ITALY ; (2) Department of Earth Sciences,
University of Firenze, FIRENZE, ITALY

The remains of the Shahr-e Zohak fortress are located on a steep hill at the confluence of the Kalu and the
Bamiyan rivers, about 15 km east of the city of Bamiyan (Central Afghanistan). The site is thought to have been
founded in the Buddhist period (6th-7th century A.D.), even if the fortification is dated to the Islamic period. Its
position provided excellent measures of natural defence and control of the valleys as communication routes.

The fortress is protected by ramparts built along the steep cliffs bounding the site and equipped with several
watchtowers. The access to the fortress is located on the eastern flank of the hill and the path leads to a
triangular plateau enclosed within ramparts and different kind of buildings, at the northern end of the hill. The
citadel is located on the topmost part of the hill, on its southern side, separated from the plateau by a NW-SE
oriented valley and it is protected by three more orders of walls.

Buildings are mainly made of mud-bricks, obtained by the clayey red mud resulting from the weathering of the
local terrain, placed on top of gravelly foundations. Due to the prolonged exposition to weathering, the lack of
conservation measures and the misuse during war periods, many buildings have collapsed or are prone to
collapse. The main problem endangering the site is the lack of and adequate drainage system ruling the runoff.
Ramparts located on the steep flanks of the hill are severely affected by gully erosion and siphoning and
building-related material is accumulated in the depressions. The access path is locally eroded or buried by debris
cones. The western margin of the plateau is rapidly retreating due to collapses, while the citadel is in danger due
to diffuse or gully erosional processes developed on all its sides.

All available information will be used to develop a conservation plan, integrating measures against soil erosion
and erosion of mud-bricks walls. Solutions will include mainly the use of traditional techniques to solve deeply
investigated geomorphological processes.
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Poster presentations:

A 10-year record of erosion on badland sites in the Karoo, South Africa

BOARDMAN J.(1), FAVIS-MORTLOCK D.T.(1), FOSTER I.D.(2)

(1) University of Oxford, OXFORD, UNITED KINGDOM ; (2) University of Northampton, NORTHAMPTON,
UNITED KINGDOM

Badlands are developing in the South African Sneeuberg uplands on Holocene colluvia which are up to 6 m deep
on footslopes and valley bottoms. The area was overgrazed by sheep from 1850 t01950; stock numbers have
been declining for the last 60 years. A farm raingauge within 5 km of the research sites gives annual average
precipitation of almost 500 mm for the last 24 years, making this a relatively wet period.

Relatively long datasets of erosion (ten years or more) are rare in geomorphology. Such datasets are necessary
to assess the impact of extreme events, and increasingly important as geomorphological studies place greater
emphasis on the impacts of future climate change.

Ten sites with 25 erosion pins at each site were monitored annually from 2002 to 2012. Average rates of net
erosion (average loss at eroding pins — average gain at accumulating pins) at each site range from 3.3 mm yr'1 to
8.7 mm yr''. These are approximately equivalent to erosion rates of 56 and 148 t ha™* yr™ respectively. At most of
the study sites erosion rates are reasonably well correlated with amounts of rainfall within periods of
measurement.

Badlands and seriously degraded land occupy less than 15% of the land surface. Most badland sites are well
connected to valley-bottom gullies and, hence, small dams. Eroded sediment from a minority of sites is stored on
footslopes and in fans and only intermittently moved to valley bottoms. Rates of sedimentation in small farm dam
catchments without badlands are of the order of 5 t ha™ yr'1 over the last 70 years. These rates rise to ~16 t ha™
yr* when badlands are better connected to downstream dams. Over the last 50 years rainfall amounts on
raindays have increased significantly and this ‘climate change signal’ is likely to have influenced erosion rates.
The increase in rainfall intensity is also likely to influence erosion in the future. However, any climatically-driven
increase in future erosion may be offset by falling stock numbers.
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Le site archéologique El Tajin (Etat de Veracruz, Mexque) serait situé sur un ancien dépdt gravitationnel
pouvant étre a nouveau affecté par de futurs glissements de terrain

VENCES SANCHEZ D.A.(1), OCHOA TEJEDA V.(2), OROPEZA OROZCO O.(1), PARROT J.F.(1)
(1) UNAM, MEXICO D.F., MEXICO ; (2) Université de Strasbourg, ESTRASBURGO, FRANCE

La région étudiée comprend le site archéologique de I'une des villes les plus importantes de la Mésoamérique de
la Période Classique (600 a 1200 de notre ére), El Tajin et son environnement qui correspond a la partie
supérieure d’'un micro-bassin. El Tajin se situe dans la région septentrionale et centrale de I'Etat de Veracruz,
Mexique. On estime en premiére hypothése que cette zone archéologique s’est édifiée sur un paléo-talus de
débris provenant d’un glissement de terrain qui aurait affecté les formations instables de I'Oligocéne de la région
(épaisses couches de conglomérats et lits de grés peu consolidés et de schistes argileux). La région présentant
de nombreuses traces de glissements de terrain anciens ou actuels, le but de ce travail concerne la recherche
des ftraits structuraux qui permettent de vérifier notre hypothése. Un Modele Digital d’Elévation de haute
précision sous forme d’'image matricielle (2 métres de résolution au sol, échelle hypsométrique en centimétres) a
été engendré a l'aide d'une interpolation multidirectionnelle a partir de données vectorielles couvrant la zone
d'étude. Ce Modele Digital montre indubitablement que la zone archéologique se situe effectivement sur un
paléo-talus dont il est possible de reconstituer le mouvement en utilisant une simulation tridimensionnelle
spécialement développée a cette fin. Il est ainsi possible de comprendre comment se produisit le glissement de
terrain, quelle est I'épaisseur des dépdts et jusqu’ol ceux-ci se sont étendus. De plus, la formation en arriere-
plan d’'une nouvelle zone d’arrachement semi-circulaire laisse présager en I'absence de mesures préventives la
répétition dans un avenir plus ou moins proche d’'un événement semblable recouvrant alors les traces de cette
zone archéologique de premiére importance.

637



8th IAG International Conference on Geomorphology, Paris 2013

Large Landslides in the Nepal Himalayas and their significance: The Phoksundo lake (Dolpo District,
Western Nepal)

FORT M.(1), RIMAL L.N.(2), BOURLES D.(3), GUILLOU V.(3), BALESCU S.(4), HUOT S.(5), LAMOTHE M.(5)
(1) Université Paris Diderot, UMR PRODIG, Sorbonne-Paris-Cité, PARIS, FRANCE ; (2) Department of Mines
and Geology, Lainchaur, KATHMANDU, NEPAL ; (3) Aix-Marseille Universit¢, CEREGE CNRS UMR 6635,
13545 AIX EN PROVENCE, FRANCE ; (4) Laboratoire Halma Ipel, UMR 8164 (CNRS), Université de Lille 1,
59655 VILLENEUVE D'ASCQ CEDEX, FRANCE ; (5) Laboratoire de Luminescence LUX de Montréal,
Département des Sciences de la Terre et de I?Atmosphére, Université du Québec a Montréal, MONTREAL, QC
H3C3P8, CANADA

Giant landslides are common features in active orogens. They are one of the most powerful processes of
mountain slope denudation; they exert a strong control on upper watersheds morphology and sediment cascade.
Their occurrence is generally considered as resulting from three main potential triggers: earthquakes, post-glacial
debuttressing, permafrost melting. The Phoksundo lake (3600 m a.s.l.; area of 4.5-t0-5 kmz) is the second largest
lake of Nepal; it owes its origin to the damming of the Suli Gad River by a large (4.5 km®) collapse of a mountain
wall culminating at 5148 m, SE of the lake. The landslide morphology presents a series of mounds (metres to
tens of metres high) and depressions of varying size. Its mass is composed of large blocks of massive dolomites
found as far as west of Ringmo Village and down to the southern rim of the landslide dam. The coarse debris is
widely mantled by a thick (up to 10 m) cover of silts, well prominent downstream above the Suli Gad gorges.
Most of the Suli scarp is uphold by limestone’s outcrops, but along the central part, where the former Phoksundo
gorge is filled in by dark grey, fine sediments (till material), and overlain by orange conglomerates (including
dolomites boulders), then by yellowish, unsorted conglomeratic material composed of blocks and calcareous silty
matrix. This indicates the damming of the lake was caused by rockslides bodies derived from different parts of
the rocky face bounding the lake in its SE part. The presence of glacial till at the very base of the sequence
suggests the rockslide event is post-glacial. This assumption is now confirmed by cosmogenic dating: two
consistent *°Cl ages of 20,885 +1675 argue for a single, massive event of paraglacial origin, that fit well with the
last chronologies available on the Last Glacial Maximum in the Nepal Himalaya. OSL dating of silts ranges from
Late Pleistocene to Holocene, and suggests a progressive trend to dryness of these Northern Himalayan
regions.
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Geomorphological characterization and long-term monitoring of slope movements between Salurn and
Neumarkt (Adige Valley, Italy)

BOCCALI C.(1), DEVOTO S.(2), KEIM L.(3), STRADA C.(3), ZINI L.(1)

(1) Universita' degli Studi di Trieste, TRIESTE, ITALY ; (2) Universita' degli Studi di Modena e Reggio Emilia,
MODENA, ITALY ; (3) Provincia Autonoma di Bolzano, BOLZANO, ITALY

In collaboration with the Autonomous Province of Bolzano a detailed geomorphological survey was started to
identify and describe the slope instabilities of a mountainside along the Adige river, that was indicated by the
authorities because it wasn't already study in detail and because of the presence, directly under the slope, of
elements at risk.

The study area is located in the Autonomous Province of Bolzano (Northern Italy) and extends 35 km?, fully on
the left bank of the Adige river, from the border province of Bolzano - Trento until the beginning of the town of
Neumarkt (BZ) in the North. The zone is dominated by two dolomitic massifs (Monte Madrutta and Monte Prato
del Re), which are limited by high vertical walls and debris cones as connection with the valley.

The whole slope is affected by different types of landslide: primarily rock falls, topplings, slidings and, on large
scale, lateral spreads. These last phenomena involve huge volumes of rock material. The described instabilities
were identified in field by geomorphological and geological evidences: trenches of various sizes, cliff ledges,
highly fractured rock masses and presence of ductile layers which underlie hard rocks.

During autumn 2009 a monitoring campaign was started in collaboration with the Autonomous Province of
Bolzano. The first phase of monitoring activities has been consisted in a simple technique to measure
periodically any movements of the detected fractures, i.e. the installation of fixed points inside the trenches.

In order to survey the surface displacements of the Monte Madrutta, GPS benchmarks have been installed on
July 2012. This massif was long discussed by the experts because of a large landslide that generated the great
dolomitic wall overlooking the Adige Valley.

This work illustrates the results of long-term monitoring and tries to identify the triggering factors that generate
the above mentioned landslides.
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Features of gravitational slope deformation in Mizunesawa Basin, west Tokyo, Japan

SAWABE K.(1), KARIYA Y.(2)
(1) Graduate School of Literature, Senshu University, KAWASAKI, JAPAN ; (2) Senshu University, KAWASAKI,
JAPAN

We describe the geology and geomorphology of Mizunesawa Basin (MB), in the upper reach of Tama River, from
the viewpoint of gravitational slope deformation. MB is surrounded by several mountain peaks at heights in the
range ca.1000-1600 m ASL, and the azimuth of the main course of Mizunesawa River is in the NW-SE
direction. The bedrock of MB mainly comprises Cretaceous sedimentary rocks of Shimanto Group that strike
NW-SE and dip 60° to 80° east. Further, ridge-top linear depressions usually <10 m deep and up to 450 m long
and antiscarps parallel to the main ridge are present in the MB. Valley bulging with minor antiscarps and gentle
slopes are observed along the valley side slopes immediately below ridge-top depressions and antiscarps; rock
deformation caused by toppling can also be observed along these side slopes. The radiocarbon ages of buried
soils taken from a ridge-top linear depression indicate that the initial gravitational slope deformation might have
occurred before 8000 cal BP and secondary progressive depression commenced after 3400 cal BP. Although
MB exhibits well-developed features of gravitational slope deformation, neither accumulation terraces nor natural
dams are present here; this fact points to the necessity of further study of long-term geomorphic development in
the MB from the perspective of middle to large landslides resulting from rock deformation.
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Historical rock avalanche in the east side of Mount Jizo, the Southern Japanese Alps, central Japan

KARIYAY.
Senshu University, KAWASAKI, JAPAN

Bouldery deposits are present along Dondokosawa River in the east slope of Mount Jizo, the Southern Japanese
Alps. Without any chronological and lithological evidence, it has been considered that these deposits were
attributed to an ice-mass collapse that occurred during the Last Glacial maximum and resulted in considerable
river aggradation at the foot of Mount Jizo. However, this study shows that these deposits have features
indicative of a rock slide origin. Initial failure occurred on slopes ca. 2300 m ASL; the debris then travelled a
distance of 3.6 km and was deposited around the valley floor of Dondokosawa River 1100 m ASL. The volume
and H/L ratio of the deposits are estimated to be 1.8 x 10" m* and 0.32, respectively. The rock avalanche
deposits comprise a thick gravel layer with granitic rock clasts only, though its present-day location is in a region
with sedimentary bedrock. The rock clasts have characteristic jigsaw-puzzle structures, which indicate strong
deformation by a landslide runout. The rock avalanche deposits immediately overlie a humic soil. Along the
Marukawa River parallel to Dondokosawa River which had been blocked by a natural dam formed by the
accumulation of rock avalanche deposits, these deposits are covered by fluvial sand layers and drifted wood
trunks. Radiocarbon dating of drifted trunks and the wood fossils in a buried soil indicate the ages of the rock
avalanche to be cal 778-793 AD. No large earthquakes have been reported in any historical document
corresponding to this period. However, Shoku Nihongi, a national historical document, describes major losses
resulting from floods in September 779 AD in ancient Shizuoka Prefecture just south of the study site; the heavy
rains that occurred then may have triggered the rock avalanche. This study stresses on the importance of the
chronological and lithological reevaluation of bouldery deposits in mountainous areas on a tectonically active
margin.
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Optimisation of Landslide monitoring based on geomorphological characterization

MARCATO G.(1), DIXON N.(2), SPRIGGS M.(2), PASUTO A.(1)

(1) IRPI - CNR, PADUA, ITALY ; (2) School of Civil and Building Engineering, 2 Loughborough University,
LEICESTERSHIRE, UNITED KINGDOM

The left flank of the Tagliamento River Valley, at Passo della Morte along the National Road 52, is affected by
several hill-slope processes, characterized by different typologies and different states of activity. These
phenomena were mainly caused by debuttressing due to melting glacier, which occupied the valley until 15000
years ago. The different instability processes involve two road tunnels and can interfere with the Tagliamento
River, through a serious risk of valley damming.

The present research is focus on two geological features: blockslides developed in the past as a rock avalanche
and a limestone rock mass characterised by a structural setting which presents predisposition to instability.
Geomorphological survey techniques allowed definition of the most critical zones and the points to be monitored
for hazard assessment. In particular, the field investigation produced extensive information to enable rigorous
decisions in terms of optimum sensor types to be employed taking into account the expecting outputs and a cost
and benefit analysis.

After two years of data collection it can be concluded that the choice of sensors has been appropriate to define
the geometric characteristics of the unstable masses, and hence to better understand and define the possible
evolutionary scenarios of the slope instability. Moreover, it is possible to confirm that the sensor selection and
monitoring layout design derived from the geomorphological characterisation could be used in the future as an
alert/alarm system for risk mitigation.
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Contemporary hillslope processes sediment budgets in two glacier-connected drainage basins in western
Norway

LAUTE K., BEYLICH A.A.
Geological Survey of Norway (NGU), TRONDHEIM, NORWAY

Hillslopes in defined drainage basin systems function as key elements for sediment production, storage and
transfers from sources to sinks. Rates of hillslope processes are exceptionally varied and affected by numerous
influences of varying intensity, especially in sensitive cold climate environments. This research has been
conducted over four years (since 2009) and focuses on (i) contemporary geomorphic process rates and
sedimentary mass transfers within the drainage basins Erdalen (79.5 km?) and Bgdalen (60 km?) in western
Norway, (ii) the absolute and relative importance of the identified relevant denudational processes and (iii) the
importance of sediment delivery from slope systems for the drainage basin sediment budgets. Relevant
denudational processes are analysed by combining geomorphologic mapping, geophysical subsurface
investigations, terrestrial laser scanning and spatial data analysis with process monitoring. For monitoring
contemporary surface processes a designed program has been applied at selected hillslope test sites including
e.g. installed nets for collecting freshly accumulated rockfall debris, remote cameras for monitoring rapid mass
movement events (avalanches, slush- and debris flows), stone tracer lines for measuring surface movements as
well as temperature loggers both in rock walls and talus slopes for analysing rock temperatures and mechanical
weathering. Slope wash traps for analyzing slope wash denudation have been installed and measurements of
solute concentrations at small hillslope drainage creeks for investigating the role of chemical denudation have
been conducted. Results show that snow avalanches and rock falls are comparably important processes
regarding geomorphic mass transfers. The level of slope-channel coupling is altogether limited. It is higher in
Bgdalen as compared to Erdalen causing comparably higher rates of sediment delivery from slopes into
channels in Bgdalen. Both drainage basins represent supply-limited systems.
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Analysis of rainfall-induced shallow landslides in Jamne and Jaszcze stream valleys (Polish Carpathians)

BUCALA A.(1), ZYDRON T.(2), DEMCZUK P.(3), GRUCHOT A.(2)

(1) Institute of Geography PAS, KRAKOW, POLAND ; (2) Department of Water Engineering and Geotechnics
Agricultural University, KRAKOW, POLAND ; (3) Department of Geomorphology, UMCS, LUBLIN, POLAND

The subject of this paper is the analysis of stability loss of slopes in the Jaszcze and the Jamne stream valleys
(the Gorce, the Flish Carpathians), that were caused by heavy rains in July 1997 and 2008, during which
maximum daily precipitation was accordingly 70 mm and 76,3 mm. Both streams catchment areas are
characterized by V-shaped deeply incised valleys, narrow channels and occurrence of numerous rock steps.
More than 61% of slopes have the inclination above 18°. The Jaszcze stream catchment area is a narrow valley
with steep slopes exposed mainly to south and north-east, where higher parts of slopes are covered by forests,
meadows and pastures. In the lower parts of the catchment area arable lands dominate. The Jamne stream
valley is wider, exposed to the south and mostly deforested or agriculturally used. Precipitation from the
mentioned period caused activation of a number of landslides that were mostly shallow, translation and rotational
slides. Field tests showed that the thickness of weathered clayey gravels was from 1.0 m to 1.6 m in lower part of
slope. These formations have medium permeability, which is connected with low content of fine fractions. For
determination of slope stability conditions in both catchment areas integrated calculations of infiltration and
stability in GIS environment were carried out. For that purpose two calculative models were used, which describe
infiltration process of rainfall in soil differently. In the first one — model SINMAP - steady subsurface flow was
considered. In the other model — TRIGRS - infiltration of rainfall and changes of stability conditions related to
diffusion process of water in soil as well as changes of pore water pressure are considered.The projectis funded
by the NationalScience Center (NN 306 659 940).
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An outline of landslide-triggering rainfall thresholds in the Flysch Carpathian Chain

BIL M.(1), DLUGOSZ M.(2), MICU M.(3)

(1) Transport Research Centre, BRNO, CZECH REPUBLIC ; (2) Institute of Geography and Spatial Organization,
Polish Academy of Sciences, KRAKOW, POLAND ; (3) Institute of Geography, Romanian Academy,
BUCHAREST, ROMANIA

The Carpathian Mountains is the most representative mountainous chain of the Central and Easter Europe,
extending along some 1,500 km from the Vienna basin (Austria) until the Timok Valley (Serbia). Compared with
their highest altitude (2655 m), the flysch belt of the Carpathians, which borders the chain towards exterior, forms
low and medium-altitude mountains reaching only 1400-1800 m. The climate, lithology (different strength
sandstones, schistose marls and clays alternating with sands or gravels), together with the morpho-structural
traits (intensely folded and faulted mountains, sometimes with steep slopes and large valley corridors) and active
neotectonic movements, on which overlaps an intense and long lasting habitation, resulted in a wide variety of
slope processes.

The landslides represent potential threats to a very large typology of elements at risk, and reliable risk
management strategies should be based on proper susceptibility and hazard mapping and assessment. The
determination of precipitation quantities leading to soil, regolith or bedrock saturation is difficult, due to diversified
conditions of water infiltration and underground circulation and also due to their spatial distribution.

The purpose of this study is to outline, through local case-studies and regional evaluations, certain landslide-
triggering rainfall thresholds, which will represent the basis for a proper landslide frequency-magnitude
relationship assessment. Intense summer rainfalls, together with long-lasting autumn rains and spring showers
(sometimes overlapping snowmelt) reflected by daily-monthly-annually average and maximum values were
analyzed in areas like the Vizovice hilly land near the Czech-Slovak border, Beskid Niski Mts., Poland, and the
Curvature Carpathians of Romania,also outlining the landslide-triggered typology.

The importance of this study is that gives the background of a regional landslide hazard assessment for one of
Europe’s most landslide-prone areas.
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Analysis of spatial distribution of piping forms in Bieszczady Mts., Carpathians

BERNATEK A.
Institute of Geography and Spatial Management, Jagiellonian University, KRAKOW, POLAND

Piping as a process of mechanical flushing of particles by underground streams leads to the formation of surface
and subsurface forms. It has an influence on the mountain relief. The knowledge of spatial distribution of piping
forms allows to recognize a role of piping in the shaping of mountain relief.

This paper presents first results of research on spatial distribution of piping forms in Bieszczady Mts.
(Carpathians). Four areas were selected to the detailed investigation — two in High Bieszczady Mts. (Tyskowa
and Wolosatka catchment) and two in Low Bieszczady Mts. (Cisowiec and Bereznica catchment). The detailed
geomorphological mapping was carried out. Moreover the detailed geodesic measurements using electronic total
station were undertaken.

Piping forms occur in groups of several forms. They develop on the slopes with inclination approximately 10-20
degrees, both on the slopes covered by forest and by grasslands. Moreover, they exist both on the abandoned
slopes and slopes used for agriculture (mainly pasture).

According to the morphological relation with landforms, piping forms can be divided into three groups. The first
group includes forms which are developed independently of the existing gullies. They are supposed to be an
initial stage of formation of the gully. The second group presents forms already connected with gullies. They are
in upper part of them, which confirm that they could begin the formation and development of gullies. The last
group consists of forms related to the gullies transformed by landslides. They appeared because of the colluvial
deposits in channels, where water infiltrates underground to adjust to new condition of runoff.

The analysis of spatial distribution of piping forms enables to recognize the role of piping in shaping of mountain
relief. In addition, the geomorphological maps with marked piping forms allow to identify areas where potentially
gullies can be developed.
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Impact of climate change on landslide reactivations in the French Alps

LOPEZ SAEZ J.(1), CORONA C.(2), STOFFEL M.(3), BERGER F.(1)

(1) Irstea, SAINT MARTIN D'HERES, FRANCE ; (2) CNRS UMR6042 Geolab, CLERMONT-FERRAND CEDEX,
FRANCE ; (3) Laboratory of Dendrogeomorphology, Institute of Geological Sciences, University of Berne,
BERNE, SWITZERLAND

Past process activity on seven landslide bodies of the Riou Bourdoux catchment (southeastern French Alps) was
reconstructed with an unusually large number of samples (3036 increment cores) from 759 conifers affected by
past landslide reactivations. Based on 1298 growth anomalies identified in the cores, we identified 61 landslide
phases since AD 1890. Logistic regressions and threshold analyses using monthly rainfall data and temperature
anomalies indicate that landslides used to occur after wet winters with subsequent positive temperature
anomalies in spring in the past, and thereby point to the crucial role of snowmelt in landslide triggering at the
catchment scale. Since 1990, however, landslide activity in the Riou Bourdoux catchment shows an excessive
and unprecedented increase in activity (12.5 events 10 yr-1), which is, in addition, favored by positive
temperature anomalies in spring. This evolution suggests a shift from snowmelt induced landslides (controlled by
winter precipitation) to events controlled by spring temperatures and add evidence to the hypothesis that climate
change (and warmer springs) could further enhance landslide activity in the course of the 21% century.

642



S18. Hillslope processes and mass movements

Hydrometeorological triggers of debris flows in the Tyrol region (Austria) since 1910

CORONA C.(1), STOFFEL M.(2), KAITNA R.(3), HUBL J.(3)

(1) GEOLAB, CNRS UMR6042 Geolab, CLERMONT-FERRAND, FRANCE ; (2) Laboratory of
Dendrogeomorphology, Institute of Geological Sciences, University of Berne, BERNE, SWITZERLAND ; (3)
Institute of Mountain Risk Engineering, University of Natural Resources and Life Sciences, VIENNA, AUSTRIA

Through their unpredictable and sudden occurrence, debris flows represent a major hazard in many mountainous
regions of the world. The understanding of the triggering factors of such events is crucial for hazard assessment,
the forecasting of potential future events and for early warning systems. In the recent past, many studies have
been published on debris-flow triggering, rainfall conditions, minimum thresholds, duration-intensity relationships
or on antecedent moisture conditions. Yet, these studies often covered a rather limited temporal dimension and
remained rather isolated for single torrents.

In the study we present here, the definition of triggering rainfall events is based on an unusually dense database,
containing 1047 events and dating back to AD 1008. The assessment is based on a historical database of 181
debris-flow channels located in three different regions, 26 torrents and 36 meteorological stations, all located in
the Austrian Alps. We report on the (i) timing and (ii) duration of precipitation events, (iii) the amount of rainfall
involved, (iv) changes in the seasonality of events, (v) define minimum precipitation thresholds needed for the
triggering of past debris-flow events and (vi) assess the percentage of rainfall events with certain thresholds
leading to the triggering of a debris flow.

Results show that the debris-flow season in the Austrian Alps lasts from April to November with July being the
month with the highest occurrence of events (30%) whereas events in April and November remain very scarce
with 2% and 4%, respectively. The triggers are very sensitive to the selection of the meteorological dataset and
to the region. Some 70% of the events were released after persistent advective rainfall of more than 3 days.
Total precipitations sums involved in the triggering range from below 20 mm for short-duration events generally
occurring in a single torrent to up over 180 mm for the long-lasting events.
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Landslide development within the Barlad Plateau of Eastern Romania

NIACSU L.(1), IONITA I.(2)
(1) University "Alexandru loan Cuza", IASI, ROMANIA ; (2) University, ,

The Barlad Plateau, extending about 8,230 square kilometers is considered as the most typical unit of the
Moldavian Plateau of the Eastern Romania. The Miocene-Pliocene clay-sandy layers are inter-bedded with
shallow sandstone and limestone seams. These sedimentary layers that have outcropped as a result of erosion
are gently dipping toward S-SE in the form of a monocline. Landslides have been recognized as an important
environmental threat in the major subunits of the Barlad Plateau, namely: Central Moldavian Plateau, Falciu Hills
and Tutova Rolling Hills.

Four main areas of monitoring landslides were explored such as successive aerial photographs of the 1960,
1970, 2005 and 2009 flights, repeated field surveys for a thorough reconnaissance of the study area, classical
levelling work and GIS software applications as TNT Mips and Arc GIS. Also, the Caesium-137 technique has
been used to get information on documenting sedimentation rates in some small catchments.

Results have indicated that the landslide development is strongly controlled by the northern and western looking
steep faces of cuestas, by changes of rock composition and by human impact. Also, it showed great pulses in
conjunction with the rainfall distribution. For example, half of the Upper Barlad catchment that drains an area of
22,560 ha is covered by landslides. Furthermore, the active landslides amounted 11% of the total (2,317 ha) after
the rainy 1968-1973 period and since 1982 under drier conditions they gradually limited to 444.0 ha (2% of the
total).
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Landslide Distribution Induced by Large-scale Earthquakes in 2011, in Iwaki City, Japan
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Iwaki City in eastern Japan experienced two large-scale earthquakes in 2011: the Great Tohoku earthquake that
occurred on March 11 and an active-fault earthquake that occurred on April 11. We developed a landslide
distribution map of lwaki City using aerial and satellite images; this map shows that the number of landslides
induced by the April 11 aftershock alone accounted for 70% of all landslides induced by both the March 11 and
April 11 earthquakes. In particular, we show that the distribution of landslides caused by the April 11 earthquake
was determined by the structure of the fault and the lithological characteristics. The distribution of landslides was
relatively concentrated around the hanging wall side of faults that appeared to be normal faults, and the large-
scale landslides were concentrated in areas of Paleogene sedimentary rock.
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The unstable area of Ajanedo, Cantabria (Spain): A proposal for inclusion in Global Landslide Database

FERNANDEZ MAROTO G.(1), GONZALEZ-DIEZ A.(2), DOUGHTY M.(2), MARTINEZ CEDRUN P.(1), DIAZ DE
TERAN J.R.(2), REMONDO J.(2), CARDENAL J.(3)

(1) Universidad de Cantabria, TORRELAVEGA, SPAIN ; (2) Universidad de Cantabria, SANTANDER, SPAIN ;
(3) Universidad de Jaen, JAEN, SPAIN

Inventories are a tool of special interest in the analysis of landslides hazard because through them you can get
information from the spatial and temporal occurrence and the magnitude of landslides involved. Using LIiDAR and
photogrammetric techniques allows to make high-precision inventories, as it improves the spatial characterization
of the event eliminating many of the errors that are attached to the mapping of landslides.

Ajanedo area (Cantabrian Range, Spain) is an area of great interest as it has many types of sliding as rock
slides, rock falls and lateral spreads affecting the substrate, with clear signs of recent activity allow proposing to
form part of a Global Landslide Database. This area is located at the junction of two tectonic accidents featured
within the Cordillera, such as “El Escudo de Cabuérniga” Fault and the “Selaya-Arredondo” Fault, which currently
show clear seismic activity, with some energetic episodes recorded during the past 11,000 years and emissionof
high doses of Radon?? in the waters of the springs associated with these fractures. However, recent weather
events (heavy rain, frost, etc..) have revived some of rock avalanches in the area.

Inventory developed has identified a large unstable area of over 212ha where deep landslides are numerous
spatially related, among them are a large unstable area covered by forest, a graben area, areas with falling rocks
linked the trace of the fault that crosses the zone and a zone of rock avalanches that it has presented numerous
events of recent activity. The last event cut in 2006, the road leading to a neighboring locality, leaving her
isolated. Besides the inventory has allowed to know the relationships between areas affected by landslides and
the volume involved in the same, these data verify models frequency distributions of size-volume proposed in the
literature.
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Anatomy of a landslide: a study case in the vineyard of Champagne (France)

BOLLOT N.(1), PIERRE G.(1), SAMYN K.(2), FRANCOIS B.(2), MARRE A.(1), GRANDJEAN G.(2), ZORNETTE
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Mass movement, though unstudied and even unknown until the eighties, is the major process in the development
of the hillslopes of the vineyard of Champagne. Thus far, they have been monitored by means of surface
analysis, leading to large scale cartography of their relief. Slumps and associated earth flows are mostly
concerned. Relative age of these processes is also known: oldest slumps occurred before the last glacial period,
some of them (slump and earth flow) are reactivated during the Holocene, and the actual downslope movements,
of various sizes, lead to major damages throughout the vineyard. Three of the most important recent slides
occurred in Rilly la Montagne (1986), Cuis (1988) and Boursault (2000).

Surface analysis of these mass movements is not sufficient to understand the actual factors of slope instability.
Such a study requires considerations of the following criteria: the thickness of the displaced material, its internal
structure and its hydrogeological behaviour. Geophysical investigations (seismic surveying and electrical
resistivity profiles) made on the rotational slide of Reuil (Marne valley) allow to specify these three points. First of
all, and unexpected considering the low energy relief of the vineyard of Champagne, it is a deep-seated slump
(60 m thick). Secondly, the knowledge of the internal structure of the displaced material, coupled with piezometric
and pluviometric data, leads to a hydro-mechanical slope-model. As planning operations, often consisting in
hydraulic managements, are conducted without taking into account slope processes (though most of the vineyard
stands on mass movements!), it results in frequent reactivation of the landslides. Thus, a better knowledge of
slope instability should permit to assign more means to correction and hazard prevention.
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Internal structure and triggering conditions of two recent shallow landslides in the Pays d'Auge plateau
(Normandy, France)

FRESSARD M.(1), MAQUAIRE O.(1), AMORESE D.(2), FONT M.(3), DAVIDSON R.(1), THIERY Y.(4)

(1) UMR 6554 CNRS, LETG-GEOPHEN, University of Caen Basse-Normandie, CAEN, FRANCE ; (2)
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CNRS, M2C-Caen, University of Caen Basse-Normandie, CAEN, FRANCE ; (4) EURO-ENGINEERING, PAU,
FRANCE

This study concentrates on the identification of the structure and the mechanical properties of two shallow
landslides located in the Pays d’Auge plateau (Normandy, France). They are representative of the 180 shallow
landslides inventoried on the region. The main objective is to understand the landslides dynamics and behaviour
in order to quantify triggering thresholds that could complete the scarce historical data on the region for the
hazard analysis.

For the landslide morphology and structure identification, a multi-method approach was selected.
Morphodynamic maps were performed in the field using cartographic GPS in order to depict the surface
morphology and map the estimated landslide activity. These field measurements were completed with the
analysis of all available air-photo images from the French National Geographic Institute (IGN), to identify the
occurrence dates and the possible landslides reactivations. For the landslides structure identification, multiple
electric tomography profiles combined with augurings and penetration tests were conducted. Despite a globally
low electric resistivity of the landslides materials (i.e. + < 80 ohm.), the electric profiles show good agreement
with the interpreted structure using the direct observations (augurings and penetration tests). They have then
permitted the identification of the slipping surface, internal morphology and paleotopography of the landslides.

In combining the internal structure and the materials mechanical properties the safety factor was assessed using
a finite slope model. The evolution of this safety factor according to the rainfall and the ground water levels show
that the landslides are more likely to occur after long episodes of moderate precipitation with an important role of
the preliminary conditions. These results are finally well in accordance with the prior general assumptions and
the few available well dated landslides.
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Morphometric and morphologic parameters and the occurence of debris flow in Serra Do Mar (SP, Brazil)

DIAS V.C., VIEIRA B.C.
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The occurrence of mass movement is related to several controlling factors, such as morphometrics
characteristics of the watershed (density and drainage type, number of fluvial channels and hierarchy) and
morphology of the slope (lithology, vegetation and soil), wherefore these studies are clearly important for the
elucidate the dynamic of the aforementioned factors. In Serra do Mar, a mountain range that extends for about
1,500 km along the southeastern coast of Brazil, the occurrence of landslides and debris flow in some basins is
quite common, due to the relief characteristics and the high rainfall indexes. Thereby, the aim of this research is
to identify the main morphometric and morphological factors that contribute to the occurrence of debris flow in the
city of Caraguatatuba (SP), in the Serra do Mar. Because of intensity of debris flows processes that occurred, the
Guaxinduba basin was selected for the study. The morphological and morphometric analysis were made by the
elaboration of digital elevation model (DEM), the digitalization of topographic maps and the use of the ArcGis
10's tool (Hidrology). The location of the debris flows deposits was detected by the analysis of aerial photographs
dated from 1973 and fieldworks. The major morphological and morphometrics characteristics indicated a strong
structural control caused by the presence of geological faults, which influenced the river flow and the distribution
of deposits. Besides, due to presence of many concave slopes, there is an accumulation of water in these
curvatures, increasing the surface and subsurface flow, as well as sediments into the drainage. This research
can contributes for risk potential of debris flow being useful for developing a better land use management, since
this is an area with a large number of houses, which are subject to the possible losses arising from the
occurrence of debris flow; moreover, the studies about those processes are scarce in Brazil, despite its high
frequency.
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Mass movements, landscape and river morphology evolution around Bujumbura City in Burundi

NKURUNZIZA P.
Universite du Burundi, BUJUMBURA, BURUNDI

The landscape around the Capital city of Burundi, Bujumbura, is subsequent to the forming of East Africa Rift
Valley. This is constituted of the Rusizi-plain which is dominated by mountain ranges on both sides. The later are
subject to vertical erosion which produces a landscape in V which characterizes a young phase of peneplanation
in the spirit of the Davis theory.

Another important phenomenon to observe is the landslides and gullies which affect the landscape on a
significant scale. The later are stimulated by river flow on the one hand and intense runoff on the other hand but
also by anthropogenic action which is related to a high deforestation and bad agricultural practices.

The objective of this study is to demonstrate that in addition to the natural geomorphic change related to the
meteoric action, the anthropogenic influence is a factor which has a negative impact on the geomorphology of
the studied area. Thus, due to the bad agricultural practices, we can observe an accelerate erosion of the
catchment area which endangers the future generations. Indeed, the mass movements which occur through the
reduction of the vegetal coverage and bad agro-technical practices will quickly exposed the rocks at the surface.
Moreover, the lack of vegetal coverage combined with the climate change produce dramatically heavy erosion,
floods and increases the sediments rate in the Tanganyika Lake.

Another aspect to be the analyze in this study is the impact of a quick and planning loss urbanization of
Bujumbura City related not only to rivers morphology but also to the environmental and socio-economic
problematic. Indeed, the rivers flow is disturbed because of intensive buildings material exploitation and
household waste discharge in the rivers.

Those phenomena which can be considered as "geohazards" will be analyzed with modern methods using
combined methods of remote sensing and mapping using the software ArcGis 10, real photos and direct
observations on the field.
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Environmental fragility of watershed of Serido River (RN/PB - Brazil): subsidies for territorial
environmental planning

PEREIRA NETO M.C., EERNANDES E.
Federal University of Rio Grande do Norte, NATAL, BRAZIL

There are many applications coming from geomorphological studies and their different constitutive and inter
related elements, to the implementation of public politics of planning and environmental management. This paper
presents an analysis of the environmental fragility of the watershed of Seridé River, situated between the states
of Paraiba and Rio Grande do Norte (Brazil), including the identification of possible unstable areas. It is based on
the methodological approach of Ecodynamics of the French researcher J. Tricart (1977) and on the operalisation
proposal advocated by the Brazilian J. Ross (1994), related to the Potential and Emerging Ecodynamic Units,
grounded in the index of relief dissection or the topographic roughness, solil, rainfall and land use/vegetal cover.
Under a quantitative perspective, the results obtained from the analysis of the watershed can be divided into
classes of potential fragility: around 2.613,0 Km? of low intensity, 5.188,4 Km? of medium intensity and 2.585,5
Km? of high intensity. Concerning the emerging fragility, the results are close to 2.212,0 Km? of low intensity,
6.191,23 Km? of medium intensity and 2.062,34 of high intensity. The collected data is relevant for the territorial
and environmental planning of the watershed, once we can still verify a close association of the cities on the
central area of desertification with the areas of high environmental instability/fragility. This is an important tool to
the understanding of the potential susceptibility of the natural and anthropic environments related to the advance
and/or intensification of the erosion process, rock falls, mass movements, among other phenomena inside the
potential unstable areas. From this perspective, the continuity of this research becomes extremely important to
the understanding and arrangement of the process, together with the engendering and sustainability of the
system in its totality.
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Monitoring of sediment movement in an artificial forest, Japanese steep mountain

NISHII R.(1), IMAIZUMI F.(2), UENO K.(3), KUROBE K.(3)
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Tsukuba, TSUKUBA, JAPAN

Artificial forests are widely distributed in steep slopes, Japanese mountains. On such steep artificial forests,
sediment is easily transported by surface flow as well as gravity acting on the sediment itself. Therefore,
sediment movement near ground surface can be sensitive to rainfall and freeze-thaw action. The processes and
weight of sediment movement near ground surface were evaluated in an hinoki (Japanese cypress) artificial
forest, Ikawa University Forest (about 1400 m a.s.l.), by sediment trap survey from June 2011 to March 2012; Six
traps were set up on the slopes of three types which are convex, concave and planer slopes. Sediment
accumulated in the traps was collected and weighed 10 times during the period. Concurrently, data loggers
monitored meteorological parameters, including precipitation, air and ground surface temperatures and soil
moisture. The total weight of sediment indicated large variations from 3 kg to 250 kg depending on the traps.
Such a difference in the weight seems, in addition to the slope shapes, to be caused by materials (grain size)
composing the ground. During the observation, the sediment movement indicated temporal variation. Timing of
active sediment movement corresponded with the intense rainfall events (>50 mm/day). This result suggests that
surface flow is important for sediment movement.
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Assessing of soil loss caused by active landsliding at the catchment scale: comparison of two different
methods in Japan and Italy
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Sediment transport rate in mountainousstreams is strongly controlled by sediment yield due to erosion and
landslides, therefore giving a valuable contribution in the definition of the state of activity and potential impact of
active landslides. However, a comprehensive monitoring system of sediment dynamics is usually very expensive,
time consuming and above all technologically complicated. In this paper we compare two different approaches
used in two test sites in Japan and Italy.

The difficulties in directly monitoring of traction processes have been widely recognized and prompted research
towards indirect monitoring techniques, including acoustic and seismic methods.Recently, a new method to
indirectly measure the volume of bedload transport from sound pressure data, provided by hydrophones, was
proposed. The preliminary results of the measurement campaigns in the Japanese test site will be here
presented showing that the bedload transport rate evaluated by hydrophone fit very well with the data gathered
by direct sampling for both long- and short-term time spans.

Inthe Italian test site, a geomorphometric approach, consisting in computing the difference of DTMs derived from
LiDAR data acquired at different times, has been carried out at catchment scale helping assessing the loss of soil
caused by erosion processes and in the identification of areas of sediment deposition during a specified time
span.This approach is suitable for the study of processes with higher magnitude than sediment transport causing
morphological variations higher than the propagated DTMs errors (i.e. debris flow).

The possible integration of these approaches can cover a wide range of sediment transport processes (from
suspended sediment to debris flow) that affect mountain basins. Therefore, the resultsso far obtained clearly
show that these analyses can be functional in establishing a comprehensive management plan for a sustainable
land use, and in designing of mitigation works.
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Statistic/cartographic approach to the geomorphological analysis of slope instabilities in the periglacial
environments of the Aosta valley (Western Alps, NW-Italy)

PALOMBA M.(1), GIARDINO M.(2), RATTO S.(3), POGLIOTTI P.(4)
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Terra - Universita' di Torino, TORINO, ITALY ; (3) Centro Funzionale Regione Autonoma Valle d'Aosta, AOSTA,
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Geomorphological studies have been performed at a regional scale in the Aosta Valley Region (a small alpine
region located in NW lItaly) to better understand landslide spatial and temporal frequency and to investigate the
main controlling factors of instability in high mountain areas of possible permafrost degradation. A comparison
between the high mountain areas and the rest of the territory has been also performed. A great amount of data
collected and analysed into a GIS system: different landslides inventories (IFFI Project Database, “Catasto
Dissesti”), permafrost distribution maps and several geothematic maps produced within the research for the
analysis of environmental controlling factors of instability (i.e. slope and aspect maps derived from the Digital
Elevation Model for topographic factors and geological maps for litho-structural ones). Then, spatial analysis and
statistical studies have been applied to 255 identified landslides within the areas with permafrost: mainly rock
falls, corresponding to a landslide density equal to 0.48 events/km® and a landslide index of 11%. Data
considerably lower than the analogous values calculated for the whole region (respectively 1.18 events/km? and
19%). Furthermore, in these areas it has been observed that, in terms of landslides mean areal extent, the
obtained values are higher than those of the rest of the region for almost all types of movement (i.e. rock falls
increase in the mean areal extent is more than 40%). Only in the case of Deep-seated Gravitational Slope
Deformations the values are considerably inferior, because of their lower evolution degree in high mountain
areas. The landslide index calculated for all the classes of the controlling factors considered within the research
highlighted how, almost in all cases, areas with permafrost show lower values than the rest of the territory.
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Topographic controls and mathematical modeling of landslides in Southern Brazil
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Mass movementsare natural phenomena that occur on the slopes and are important agents working in
landscape development. In addition to the mass movements occurring in natural slopes, there is also a large
number of accidents induced by human action in the landscape. Thechange of use and land cover for the
introduction of agriculture is a good example that have affected the stability of slopes.In Brazil, especially in the
southern and southeastern regions, areas of original natural rain forest have been continuously replaced by
agriculture during the last decades. In November 2008, a major landslide event took place in a rural area with
intensive agriculture in the state of Santa Catarina (Morro do Bal) where many catastrophic landslides were
triggered after a long rainy period. In this area, the natural forest has been replaced by huge banana and pine
plantations. In this study, based on field mapping and modeling, we characterize the role played by
geomorphological and geological factors in controlling the spatial distribution of landslides in the Morro do Bau
area. In order to attain such objective, a digital elevation model of the basin was generated with a 10m grid in
which the topographic parameters were obtained. The spatial distribution of the scars from this major event was
mapped from another image, obtained immediately after the landslide event. Numerical simulations with the
SHALSTAB model were carried out in the basin and the results compared to the original location of the scars in
the field. The results suggest that the combination of field mapping with the numerical simulation scenarios may
contribute to the definition of better land management practices in such environment. Besides this, the
replacement of the natural rain forest by huge banana plantations in this environment may have played a major
role in defining the spatial distribution of landslides scars and the magnitude of the landslides generated.
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Landslide Inventory in lalomita Sub Carpathians, Romania

CHITU Z.(1), ISTRATE A.(2), SANDRIC 1.(3)

(1) National Institute of Hydrology and Water Management; Faculty of Geography, Spiru Haret University,
BUCHAREST, ROMANIA ; (2) Faculty of Geography, Valahia University, TARGOVISTE, ROMANIA ; (3) Faculty
of Geography, University of Bucharest, BUCHAREST, ROMANIA

Landslides are a common geomorphic process in lalomita Sub Carpathians, producing numerous damages to
the infrastructure every few years (1970, 1972, 1975, 1978, 1980, 1986, 1992, 1995, 1996, 1997, 1998, 2005,
2006, 2010 and 2012). This area is located in the western part of Curvature Sub Carpathians, one of the most
complex geological units in Romania. In order to reduce landslide consequences, a landslide inventory was
carried out for landslide susceptibility and hazard assessment. In lalomita Sub Carpathians, information about
spatial and temporal landslide distribution was recorded (from 1965 to 2000) as point features by Istrate et al.
(2006). Beginning with 2007, a landslide inventory, represented by polygon features, was carried out
combining geomorphic field mapping and visual interpretation of aerial oblique images. Gemorphic field mapping
was done during 2007-2010, using a Total Station SOKKIA, PDA Asus with Garmin Receptor and SIRF Il
antenna. The oblique images were collected during three flights over the study area between 2008 and 2010
using a small aircraft, model Cessna F172H and a DSLR camera Canon 400D, 10 Megapixels with Tamron lens
18-250mm.Over 1800 landslides were mapped and classified. The landslide inventory was used to generate two
landslide susceptibility maps, based on expert knowledge and Weight of Evidence methods. The validation of the
two landslide susceptibility maps using ROC method revealed that the ROC curve value (0.76) for the map
based on expert knowledge method presents a value close to the ROC curve value (0.82) for the map carried out
with Weight of Evidence method. This result leads us to believe that expert knowledge method for landslide
susceptibility assessment can be used successfully, saving time and money, when there is a reliable inventory of
landslides.
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Geomorphic coupling of deep-seated landslides and channels: Paltineni case-study (Buzau Carpathians,
Romania)

BELL R.(1), MICU M.(2)

(1) Dept. of Geography and Regional Research, University of Vienna, VIENNA, AUSTRIA ; (2) Institute of
Geography, Romanian Academy, BUCHAREST, ROMANIA

The impact of deep-seated landslides on river network has a long history within the Curvature area of the
Romanian Carpathians. Several such processes were recorded since 1883, consisting of deep-seated rock and
debris-slides and debris-flows, which caused river shifts, blockages and lake occurrences. Developed mostly
between 600-900 m a.s.l., they formed permanent lakes (Balatau lake, on Uz river) or temporary lakes (on Basca
Rozile, Slanic, Teherau, Hartagu, Zabala, Buzau rivers). Such a landslide occurred at Paltineni, along Buzau
river, in a geomorphological setting marked by older and younger similar processes having an obvious impact on
the coupled slope-channel system. With just the accumulated landslide tongue covering an area of 29 ha, the
landslide affected the entire slope profile and caused a 400 m westwards shift of the river, followed by the build-
up of a new alluvial plain. Detailed analysis of this landslide include geomorphological mapping, 2D-resistivity
analysis and terrestrial laser scanning. The geomorphological map indicates that 5 ha of the landslide are
regularly reactivated due to lateral erosion by the Buzau river and precipitation. The 2D-resistivity results clearly
show that below the landslide tongue alluvial sediments can be found. Repeated terrestrial laser scanning
display only minor reactivations during the period August 2011 - March 2012 (further such studies will be carried
out in March 2013). This contribution is aiming at a better understanding of the behavior of such processes’
reactivation, therefore improving the hazard assessment for deep-seated landslides in the study area.
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A complex landslide: the case of Andoin (Basque Country, Spain)

IBISATE A., ORMAETXEA O., DIAZ E., SAENZ DE OLAZAGOITIA A.

Dpt. Geography, Prehistory and Archaeology, University of the Basque Country, UPV/EHU, VITORIA-GASTEIZ,
SPAIN

The study case of a long lasting unstable hillslope process activated with rainfall events in Andoin (Basque
Country) is presented. Other factors as the alternate lithology, infiltration, slope and rock fractures triggered mass
movements, rotational slides and flows with differentiated progressions in a surface of around 5 ha.

Through historical aerial photographs and GPS techniques more than 50 years of the evolution of the process
were delimitated. Additionally this evolution has been related to rainfall frequency and annual distribution by the
analysisof several meteorological stations located in the surrounding area, as well as the analysis of documents
related to the process, available photographs and interviews to local population.

During the last 10 years field measurements have been done in May (after the maximum rainfall period) which
has allowed the reconnaissance, characterization and the cartographical representation of many different
movement typologies.

650



S18. Hillslope processes and mass movements

Method for estimating the volume of sliding soil mass generated by deep catastrophic landslide:
Application to the disaster in the Kii mountain range, 2011

ISOGAI N., MORITA K., ISHIZUKAT.
Public Works Research Institute, TSUKUBA-CITY, IBARAKI-PREFECTURE, JAPAN

In Japan, 72 deep catastrophic landslides were generated because of heavy rain by Typhoon Talas in the Kii
mountain range at the beginning of September, 2011. As a result, extensive damage was done of 82 dead, 16
missing person, 379 completely-destroyed houses, and 3,159 partially-destroyed houses.

The estimation of the volumes of sliding soil mass is very important, because it is crucial information or
parameters 1) to evaluate the damage which might be caused by deep catastrophic landslide, and 2) to decide
assumed external force applying to the design of constructional measures.

The recent laser surveying technique has made possible to estimate the volume of landslide mass briefly and
easily, calculating the difference of the digital elevation model (DEM) between before and after deep catastrophic
landslide. However, in some cases, the estimation could be inadequate because of the following reason.

In the case of deep catastrophic landslide, collapsed soil mass generally reaches out of original landslide area.
Meanwhile, upper part of landslide mass could deposit at the lower part of the original landslide area, especially
in the case that deep catastrophic landslide forms natural dam downward of the slope. In this case, the volume of
landslide mass can be underestimated because of the overlap of yielded soil mass and deposited one, if the
analysisof the difference of the DEM before and after landslide is directly done.

To improve the estimation in the above cases, we applied the following method to the deep catastrophic
landslides caused by typhoon Talas in the Kii mountain range. 1) to make the cross section at intervals of
20m(indicating the cross section of before and after mass movement), 2) estimation of the sliding surface shape,
3) to calculate soil mass between each section using average cross section, 4) to accumulate the calculated
volumes.
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Using fallout 210Pbex, 7Be, sediment yield and modeling to assess soil erosion at different temporal and
spatial scales in southeastern Brazil

FERNANDES N.(1), SANTOS A.C.F.(1), PINTO C.S.B.(1), BHERING S.(2), GODOY J.M.(3), FONTES R.L.P.(1)

(1) FEDERAL UNIVERSITY OF RIO DE JANEIRO, RIO DE JANEIRO, BRAZIL ; (2) EMBRAPA, RIO DE
JANEIRO, BRAZIL ; (3) PUC-RIO, RIO DE JANEIRO, BRAZIL

Soil erosion is a major problem in southeastern Brazil, especially in the highly degraded hillslopes of the
northwestern Rio de Janeiro state agriculture fields, where the original rainforest has been continuously replaced
by farming activities throughout the last three centuries. This is the case of S8o José the Ubé region, where the
combination of intense farming, steep slopes, erodible soils, sparse vegetation, fires and downhill soil ploughing
favored the increase of surface runoff and soil erosion (sheet wash, rilling and gullying), causing a significant
decrease in soil productivity, especially in the last few decades. In this study, we assessed the effects of different
temporal and spatial scales on soil erosion combining different techniques, including the measurement of fallout
210Pbex and 7Be (a convex-concave 100 m long transect along an agriculture field — from the flat top to the
bottom of the hillslope), the continuous monitoring of rainfall, discharge and sediment yield at an experimental
drainage basin (during 5 years), and the application of the SWAT model to simulate different future (and past)
scenarios of land-use and cover changes. The initial results suggest that at the upper and mid-portions of the
hillslope, most of the 210Pbex is concentrated in the first 20 cm of the soil profile, while at the bottom of the
hillslope it is concentrated in the first 30 cm of the profile. Besides, at the mid-portions, the inventories of
210Pbex are about 18% smaller than the ones measured at the flat top of the hillslope, suggesting intense soil
erosion during the last 100 years. On the other way, sediment deposition is suggested by and increment of the
210Pbex inventories (about 30% greater than the flat top) at the bottom of the hillslope (concave portion). The
results obtained from the simulations with the SWAT model attest that land use and cover changes play a major
role in controlling soil erosion responses in the different scales.
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Mass movements in mountainous region in southeastern Brazil from the disaster of January 2011 as
landscape transformers in the Atlantic forest Biome

SOUZA J.M.D.(1), ASEVEDO L.A.(2), BERTOLINO A.V.F.A.(2), FREITAS M.M.D.(1)

(1) Pontifical Catholic University, RIO DE JANEIRO, BRAZIL ; (2) University of State of Rio de Janeiro, SAO
GONGCALO, BRAZIL

In 2011 January, the mountainous region of southeastern Brazil suffered intense mass movements. The
research aims to mapping scars of events to make a diagnosis of this and his triggering mechanisms.

The continental collision process makes the predominance be metamorphic rocks in the Atlantic border in the
south American continent, generating the track mobile Ribeira and comprise a belt of complex folds and high
temperature formed during the collision making magmatism. This afforded granitic rocks with high silica content,
resistant to weathering yielding mountaintops (HEILBRON et al, 2004), commons in Serra do Mar. The
geomorphologic unit divides in: Mountain cliffs and mountainous domain (DANTAS, 2000) with a relief very
rough, shallow soil and topographic amplitudes above 400m.

The rain diary values in the area were obtained through the conventional rain gauges and the automatic station
THIES TLX-MET. The data shows a high rain above the average in November and December 2010 and January
2011. On 01/11/2011 was a rain with 209 mm, representing 63% of month precipitation. The rain which done the
sliding was between 21:50h (01/ 11) and 7:10h (01/12) reaching 145,2 mm.

Was mapped 33 scars where the mass movements were: 85% landslides, 9% flow, 3% rock fall and 3% rock
slide and 43% of scars was in high slope (>47%), its represents areas with greater instability with shallow soils
and/or soil/rock contact abrupt, conditions where could make occurs increase positive pressure of soil
(MONTGOMERY et al, 1997). Of the totalscars, 17 were in the forested area, 6 in the area of traditional
agriculture, 5 in the fallow, 1 in pasture area and the other in an urban area.

The data shows which the conditional factors to mass movements in 2011 January in the mountainous region of
southeastern Brazil was a combination between antecedent moisture in the soil, high intensity rain of January 11
and slopes with shallow soils with high gradient. This is related with landscape evolution.
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Resistivity measurements in slope geomorphology: recognition of deep-seated mass movements

TABORIK P.(1), PANEK T.(2)

(1) Institute of Hydrogeology, Engineering Geology and Applied Geophysics, Faculty of Science, Charles
University in Prague, PRAGUE, CZECH REPUBLIC ; (2) Department of Physical Geography and Geoecology,
Faculty of Science, University of Ostrava, OSTRAVA, CZECH REPUBLIC

Mass movements belong to the prevailing processes forming mountain landscapes, ranging from slow deep-
seated gravitational slope deformations to the fast relocation of shallow colluvial deposits. Genesis of deep-
seated gravitational slope deformations (DSGSD) is affected by a combination of many factors, such as
hydroclimatic conditions, weathering intensity and particularly morfostructural and structure-geological
predisposition. Their recognition is crucial for correct interpretation of earth surface processes. Application of
geophysical techniques, as a basic indirect method of subsurface surveying, is very suitable, especially in hardly
accessible areas. Resistivity imaging has proved universal utilization in many different tasks and various
geological substrates and also offers very valuable subsurface information on DSGSD. Presented study
summarizes results from multi-electrode measurements (Electrical Resistivity Tomography, ERT) carried out on
the DSGSD phenomena during 2006-2012. The study also evaluates applicability of different types of electrode
array and its configuration (electrode spacing, depth range etc.) on specific tasks within DSGSD research. The
ERT method was used especially due to sufficient resolution and depth range. Based on the interpretation of the
resistivity sections, we were able to distinguish between extremely high/low resistive parts of the landslide bodies
which represent different quality (e.g. various lithology, intensity of disruption and weathering, water content or
presence of argillaceous minerals). The ERT was mainly used in order i) to confirm tectonic predisposition, iii)
detect and track rock discontinuities (fissures and fissure-caves, tension cracks), iii) to detect or confirm shear
surfaces and range and thickness of landslide deposits, and iv) to distinguish inner structure of landslide body
(e.g., deep-seated blocky rockslide vs. shallower colluvial deposits in the distal part of the complex landslide).
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Shallow slope deformations triggered by extreme rainfall: case studies from Czech Republic

SMOLIKOVA J.(1), BLAHUT J.(2), ZIZALA D.(3), VILIMEK V.(1)

(1) Charles University in Prague, Faculty of Science, Department of Physical Geography and Geoecology,
PRAGUE, CZECH REPUBLIC ; (2) Institute of Rock Structure and Mechanics AS CR, PRAGUE, CZECH
REPUBLIC ; (3) Research Institute for Soil and Water Conservation, PRAGUE, CZECH REPUBLIC

In 2010 considerable precipitation occurred in the Czech Republic and caused floods and slope deformations at
several locations. Two distinct areas were chosen for this study, where rapid and shallow mass movements were
triggered by extreme rainfall. Torrential debris flows were investigated within the area of the Jizerské hory Mts. as
an exceptional phenomenon at the local conditions and earthflow in the Javorniky Mts.

The following methods were used to examine the deformations: a detailed geomorphological mapping; creating a
DEM of the body of the deformations using a total station; monitoring of movements by laser scanning and using
installed geodetic points; analysing precipitation amount measured by rain gauge; measuring of soil moister;
investigation of properties of taken soil samples; obtaining geophysical profile by electrical resistivity tomography;
analysing water concentration using runoff lines;reconstruction of debris flows using empirical model, etc.

The mentioned methods are briefly described and their applications are discussed with respect to their
contribution to the issues of shallow deformation. The obtained results should be used to identify hazards in the
investigated areas.
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Morphometric analysis of landslides using Gis: the case of d'antas watershed in Serrana region in the
state of Rio De Janeiro, Brazil

CARVALHO ARAUJO J.(1), MARIA DA SILVA L.(1), DOURADO F.(2), FERREIRA FERNANDES N.(1)
(1) Federal University of Rio de Janeiro, RIO DE JANEIRO, BRAZIL ; (2) Estadual University of Rio de Janeiro,
RIO DE JANEIRO, BRAZIL

Mass movements are recurrent phenomena in the whole Mountain Region of the State of Rio de Janeiro in
Brazil. These events actively participate in the relief evolution and are also responsible for many damages and
loss of human lives. The triggering of these events depends on the natural environment and the preparatory and
immediate action of the physical, biotic and human agents responsible for these processes. This work is based
on the hypothesis in which the topographical conditions have a major effect on the spatial distribution of
translational landslides caused by decreased of the internal resistance of the material mobilized. Therefore, the
purpose of this study is to identify the topographical conditions favorable to landslide triggering based on
morphometric analysis in a pilot watershed - D'anta’s watershed - located in the mountainous region of the State
of Rio de Janeiro. The indices include the topographic wetness index (TWI), contributing area, slope angleand
elevationand were derived from 5-m grid digital terrain model,computed on a Geographic Information System
(GIS). The maps produced allowed the analysis of topographic influence on the landslides distribution from the
indices of frequency classes (F), concentration of scars (CS) and potential of landslide (PL). The landscape
sectors that are more likely to be affected by landslides were the ones where the elevation ranges from 1070m -
1187m, slope anglebetween 40.95° and 47.77°, contributing area between (logio) 1.32 m? - 1.95 m? and
topographic wetness indexbetween 7.11 to 9.59. This work provides important information which may help in the
decision-making process, using fewer data and indices of easy application. Finally, the results obtained will
subsidize of a landslide susceptibility map throughthe implementation of the conditionalprobability methodaimed
at predicting and mitigating of the damage caused by landslides.

653



8th IAG International Conference on Geomorphology, Paris 2013

Influence of the mass movement on the vineyard fragmented. Case study of the Cbte de I'lle de France
(Champagne - France)

COMBAUD A.(1), BOLLOT N.(2), CHALUMEAU L.(2), BATAILLER A.(1), CHARBONNIER K.(1), DOURLAT
E.(1), EMERIAU G.(1)

(1) Institut Polytechnique LaSalle Beauvais, BEAUVAIS, FRANCE ; (2) Université de Reims Champagne-
Ardenne, REIMS, FRANCE

The vineyard of Champagne is typically a north one :for growing vine needs long and strong slopes and porous
stones, like on the Céte de I'lle de France. Mass movement is the major process in the development of these
hillslopes. Slumps and associated earth flows are mostly concerned. Relative age of these processes is also
known: oldest slumps occurred before the last glacial period, some of them (slump and earth flow) are
reactivated during the Holocene. The actual downslope movements, of various sizes, lead to major damages
throughout the vineyard stands on mass movements.

The aim of this study is to determinate if landslides influence the fragmented of the vineyard. Plots limits are
extracted by remote sensing analysis and merge with the cartography of mass movement for two sectors of the
Marne Valley.
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Study of Landslide hazards and Assessment of Associated Risks in the West-Cameroon Highlands
(Central Africa)

TEFOGOUM G.Z.(1), NKOUATHIO G.D.(2), DONGMO A.K.(2), WANDJI P.(3), DEDZO M.G.(2)

(1) Department of Hydraulics and Water Management, High Institute of the Sahel, University of Maroua &
Department of Earth Sciences, Faculty of Sciences, University of Dschang, MAROUA & DSCHANG,
CAMEROON ; (2) Department of Hydraulics and Water Management, High Institute of the Sahel, University of
Maroua, MAROUA, CAMEROON ; (3) Laboratory of Geology, High Teacher Training School, University of
Yaoundé, YAOUNDE, CAMEROON

The West-Cameroon highlands (WCH) are a part of Cameroon Volcanic Line. WCH are a succession of horsts
and graben covering an area of more than 50,000 km2. The region is overlaid by volcanic lava flows and
pyroclastic deposits, dated from Actual to 31 Myr (Nkouathio et al., 2008). The best fertility of the soil attracts
various active people although the occurrence of mass movement hazards. WCH and neighborhood are
tormented by landslide hazards; the most disastrous were recorded in the Limbe and Maga localities respectively
in 2001 and 2003 (Zoning et al., 2007). In this work we highlight the most recent landslides that occurred and
damaged WCH' localities notably Kékem (2007), Bana (2008), Limbe (2009), and Bamenda (2009), Nteingue
(2007, 2011).These landslides occured generally in response to the combination of important factors:

- The climate in the region is subequatorial under the influence of mountainous reliefs;

- steepest slopes (up to 60%);

- the high thickness of the mantle rock;

- the vegetable cover (meadow);

- anthropogenic activities (deforestation, bushfire, buildings, farming and road traffic).

During the landslides, the movement of materials was generally rotational, translational or the combination of the
both models depending on the region.

The impact of recent landslide in WCH is relevant; there is loss of human beings, disruption of human activities,
destruction of buildings and roads (around several millions USD) and biodiversity (plantations, livestock and wild
lives). In view of the perpetuity of landslides in that region, it is suggested to respect a better land use system,
lead a suitable geotechnical surveys prior to the road construction, avoid the settlement of population on the risks
zones, prohibit bushfires and the deforestation and sensitize the exposed populations through scientific
documentations that highlight the effect of landslides in the region.
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Recent landslide hazards in the Ba catchment, NW Viti Levu Island, Fiji

STEPHENS M.
School of Geography, Earth Science and Environment, The University of the South Pacific, SUVA, FIJI

This paper reports on a reconnaissance investigation from the Ba River catchment, NW Viti Levu, Fiji, of the
processes and causal factors of landslides that were triggered on 25 January 2012 following two days of
exceptionally heavy rainfall associated with a nearby low pressure weather system. More than forty individual
landslides were recorded, not including several small road-cut slumps, and mass wasting on this scale has
reportedly not been witnessed before in the Ba catchment. Rural village settlements occur sparsely in the area
and there were casualties in one village where a landslide had directly hit a house. Other impacts were soil
erosion and siltation of the nearby streams and the blockage of roads affecting access to some villages and to
markets.

The heavy rainfall that occurred on the preceding two days was the major triggering factor and also likely to be in
combination with antecedent moisture following heavy rainfall events in recent years (Tropical Cyclones Mick and
Tomas, December 2009 and March 2010, respectively). Many of the landslides were shallow debris flows which
tend to be common types of failure in mountainous volcanic islands in the South Pacific. The landslides ranged in
size from several metres up to dimensions of more than 200 metres long and 100 metres wide. The landslides
occurred on a variety of slope angles and in a variety of land uses although many of the larger failures occurred
in areas of steep slopes covered by a monoculture of mature pine forest (Caribbean pine, Pinus caribaea).

Many of the landslides started at the upper parts of hillsides as typical of failures caused by the downward
percolation of rainwater. The back scarp walls of several of the landslides were found to occur in association with
pine logging tracks which create slope instability. Previous studies of landslides in Fiji and the tropical South
Pacific are few and this work adds to the body of knowledge on this natural hazard in the region.
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Storage coupling and sediment connectivity in a high-alpine cascading system (Val Mischauns, Swiss
National Park)

MESSENZEHL K., HOFFMANN T.
University of Bonn, Department of Geography, BONN, GERMANY

Sediment transport from hillslopes to streams follows a cascade of different storage compartments. The
exchange of sediment between these compartments via different geomorphic processes thereby determines the
internal coupling mechanism of the sediment cascade. However, decoupling between adjacent storages may go
along with long-term disconnectivity between significant parts of hillslopes and the fluvial system. With regard to
sediment budgets and management activities a profound understanding of cascading systems is important even
more today.

We studied the alpine sediment cascade of Val Miischauns (6.18 km?) in the Swiss National Park. The glacial
legacy of Val Muschauns is demonstrated by its glacial trough and abundant glacial and paraglacial deposits. By
combining traditional geomorphic mapping in field and interpretation of aerial photos and hillshades, we compiled
a comprehensive inventory of sediment storages. For a qualitative assessment of the (de-)coupling between
compartments of the sediment cascade, we applied the concept of toposequences and examined the functional
relationships between neighbouring storage units. To analyse the sediment connectivity on a catchment-wide
scale, we used the numerical algorithm by Cavalli et al. (2013), a modification of the approach by Borselli et al.
(2008).

The modelling results indicate that the present-day sediment connectivity is dominantly controlled by the specific
valley morphometry being the result of the Pleistocene glaciation. Within the upper hanging valleys, the
connectivity to the stream is reduced noticeably. Nevertheless, the numerical algorithm fails to calculate
decoupling between neighbouring DTM-pixels and may overestimate the overall connectivity degree. Our
qualitative study reveals that most of the toposequences of the upper trough contain a buffering element in-
between decoupling around 28 % of the basin surface. Therefore, our findings highlight the great potential of
numerical approaches for the study of high-alpine cascading systems, but concurrently emphasize the need of
systemic knowledge derived from geomorphic mapping for the model validation.

Borselli, L., Cassi, P. & D. Torri (2008): Prolegomena to sediment and flow connectivity in the landscape: a GIS
and field numerical assessment. In: Catena 75: 268-277.

Cavalli, M. Trevisani, S., Comiti, F. & L. Marchi (2013): Geomorphometric assessment of spatial sediment
connectivity in small alpine catchments. In: Geomorphology 188: 31-41.
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The use of engineering geomorphology in landslide assessments: a Hong Kong case study

PARRY S.
GeoRisk Solutions Ltd, SHEUNG WAN, HONG KONG

Hong Kong has considerable experience in the assessment and upgrading of man-made slopes, resulting in
significant reduction of landslide risk. As a consequence of this Hong Kong has recently embarked on an
ambitious programme to systematically evaluate and mitigate “natural terrain” landslide risk.This paper discusses
the use of engineering geological/engineering geomorphological mapping for natural terrain landslide hazard
assessments. These techniques allow the relative age of the landscape to be evaluated; the identification of both
landforms and processes related to different climatic conditions; the development of terrain specific landslide
magnitude and frequency data; evaluation of entrainment potential; and, assessment of debris run out. This
information allows for a rational derivation of landslide design events for individual terrain components, for
analytical modelling and subsequent mitigation design. As such, it assists in reducing uncertainties and allows
the evaluation of appropriate and defensible design events.

*kkkkkkkkk

Characterizing the complex morpho-structure of coastal landslides combining airborne and ground-
based investigations

LISSAK C.(1), MAQUAIRE O.(1), MALET J.P.(2), BITRI A.(3), BOURDEAU C.(4), DAVIDSON R.(1),
GRANDJEAN G.(3), REIFFSTECK P.(5)

(1) LETG-Caen Géophen, CAEN, FRANCE ; (2) Ecole et Observatoire des Sciences de la Terre [EOST], Institut
de Physique du Globe de Strasbourg [IPGS], STRASBOURG, FRANCE ; (3) BRGM - Bureau de recherches
géologiques et miniéres, ORLEANS, FRANCE ; (4) IFSTTAR, PARIS, FRANCE ; (5) TERRASOL, PARIS,
FRANCE

In Normandy (North-West France), active landslides occurring along the coasts are large, deep in marly, sandy
and chalky formations. All are characterized by a seasonal activity (1-10 cm.y-1) and regularly affected by brutal
accelerations inducing pluri-decimetres to pluri-meters horizontal/vertical displacements and the main scarp
recession to upstream. The result of this complex dynamic pattern is a composite morphology with a succession
of horsts, grabens, counter slopes and several sizes scarps, representative of multiple rotational landslides. The
previous studies highlighted the importance of the nested chalk panel composing the landslide and the superficial
deposits in the landslide dynamics.

To understand the slope dynamic heterogeneities, this study focused on the landslide current morphology and
the internal structure of the slope through the integration of multi approach and multi-source data. The results
have been based on data relevant from punctual investigation of the internal structure of the landslide and data
interpretation to devise a geometric model of the slope based on a model of distribution chalk blocs. First, a
detailed and high resolution morphological maps supported by remote-sensing (airborne LIDAR) and ground-
based surveys (differential GPS measurements, field mapping) have been lead. Then, geophysical methods
combined with conventional geotechnical methods and geomorphological observations provided a 2D/3D
subsurface imaging delineating the landslide in depth. Data allow to propose a complex landslides model
composed by several compartments (heterogeneous size and volume) associated to a highly fractured slope and
controlling the deformation patterns and the mechanisms of the landslides.

659



8th IAG International Conference on Geomorphology, Paris 2013

A geomorphologic and probabilistic approach to the number and size of blocks of fragmental rockfalls

MOYA J., COROMINAS J., MAVROULI O.C.
Technical University of Catalonia (UPC), BARCELONA, SPAIN

Rockfalls are frequent phenomena in steep rock slopes. Many rock masses when detached from cliffs undergo
fragmentation after the first impacts with the ground. Rockfall fragmentation is a complex process that has
received little attention in the literature. It controls the sedimentation rate on talus slopes and the rockfall risk. The
incorporation of fragmentation into the rockfall analysis involves the calculation of the number and size of the
rock blocks after the breaking of the initial rockfall mass. Due to its complexity, physical modelling of this process
appears to be difficult. In this work, we present an approach to assess the number and volume of fragments
based on geomorphological observations and on probabilistic simulation. This approach assumes that the
volume of blocks resulting from fragmentation follows a defined probability distribution, which is the same with
the one observed for the blocks accumulated in the talus slope. Consequently, the volume distribution of blocks
accumulated in talus slopes can be used to generate random sets of rock blocks, each one simulating a rockfall
event. For each event, the individual block volumes are summed until they reach the specified volume of the
detached rock mass. This approach is applied to a talus deposit of the Sola d’Andorra la Vella (Andorra) and the
results were compared with the block volume distribution of inventoried rockfall events in the area. The
comparison showed that the only difference between the two data sets is the lower proportion of small blocks in
the inventoried set, likely due to undersampling of these sizes. For blocks with volume greater than 0.3 m?, both
sets follow the same probability distribution: a power law with an exponent close to 1 and a scale parameter
close to 0.3. We conclude that the proposed approach can be applied to sites where no process causing size
reduction (e.g. gelifraction) affected the blocks after rockfall deposition.
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A modelling approach of the large, rapid Yigong rockslide ' debris avalanche, Southeast Tibet

VAN ASCH T.(1), XU Q.(2)
(1) Faculty og Geosciences Utrecht University , UTRECHT , NETHERLANDS ; (2) State Key Laboratory of
Geohazards Prevention and Environment Protection, CHENGDU, CHINA

The Yigong rock slide — debris avalanche (YRA), which occurred on 9 April 2000, received worldwide attention
as one of the largest non/seismic landslides in recent years, with a volume of 0.3 x 10°m?. a run-out track with a
total elevation difference of about 3300 m, and a length of nearly 10 km with a mean slope gradient of 31.3%.
According to several witnesses, the total duration of the event lasted 3 minutes. Sixty-two days after this
landslide event, a catastrophic flood happened because of a landslide dam failure. One of the special features of
this debris avalanche is liquefaction, which plays an important role in the entrainment and long run-out distance
and high-speed movement of the debris avalanche. Numerous sand boils were found in the deposition zone,
providing strong evidence for liquefaction. The YRA provides the first actual evidence for a theoretical model
which is proposed here, where the mechanisms of excess pore pressure and liquefaction induced by undrained
loading, and entrainment and dissipation control the run out and deposition of the debris avalanche. The position
and amount of eroded and deposited material and the run out time are in good agreement with the observations
made in the field.

The damage mode to trees and the presence of debris cones or molards with a rounded top is proven to be the
result of strong air waves and eddies. These features all imply that the YRA is a solid-liquid—air mixed-debris
avalanche.
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Physical and geotechnical properties of soils and shallow landslides, Serra Do Mar Moutain Range, Brazil

CARVALHO VIEIRA B., SOUZA FERREIRA F.
University of S&o Paulo, SAO PAULO, BRAZIL

The physical and geotechnical properties of soils can be studied by field study and laboratory, measured at
different depths to assessing their influence on water flows, especially during periods of intense rainfall. The aim
of this study was to determine the influence of some soil properties in the shallow landslides in the Serra do Mar,
a mountain range located along the southeastern Brazilian coast, often affected by different types of landslides,
especially during the rainy season. In this area there are few studies about relationship between soils and
landslides. We selected a basin (24Km?), located in the Caraguatatuba city, with steep slopes and
heterogeneous lithology (gneisses, metasediments) and structural features with orientation NE-SW. On 17 and
18 march 1967 the rain gauge registered 535mm and many shallow landslides were triggered and the debris
flows reached the gentle areas causing about 400 deaths and many social and environmental damages. We
selected three shallow landslides scars of this event and, in each scar, collected sample in three points, one
within the scar (material removed by the process), one lateral and another one on the top scar (with preserved
material). 37 soil samplesdeformed and 6 undisturbed samples (soil block) were collected to analyzethe following
properties: soil grain size distribution, atterberg limits, density porosity and soil cohesion. The results showed
high amounts of sand (80%), mainly in the surface horizons (up to 0.60m), and low percentages of clay and
these were considered nonplastic or inactive (values below 0.75%). The average values of the density and the
void ratio were 2.55 g/cm3 and 1.151 g/cm3, respectively. The friction angles were smaller in surface horizons
(29.1° and 25.8°), and higher in overlying layers (31.9° and 36.8°) and the cohesion ranged from 0 to 12 kPa. We
hope that this study can subsidize understanding of failure mechanisms of shallow landslides in the Serra do Mar
mountain range.
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A reappraisal of field geomorphology in landslide hazard investigation

GHINOI A.
Universita di Modena e Reggio Emilia, MODENA, ITALY

This contribution highlights the relevance of geomorphological expert knowledge in landslide hazard
assessments. A recent project, funded by the Emilia-Romagna Region, has led to the revision of the official
landslide maps of a large sector of the Romagna Apennines (Northern lItaly), which were initially based on pure
geological field surveys. Most of the mapped landslides needed significant revision in terms of extent, type of
movement and frequency of occurrence. In particular, large-scale landslides, defined as "complex" in the maps,
had to be reinterpreted updating the mapping and the landslide database by means of geomorphological
investigation. It became clear that landslide accumulations were not normally related to single events, but to the
cumulative action, through time, of hillslope processes, also related to different morphoclimatic conditions. The
mapped landslide bodies may be currently active not as a whole, but rather just in some smaller sectors and in
relation to different causes. Regarding smaller-scale landslides, from the Seventies up to now they show relevant
reduction in the extent of the active portions, and new occurrences are few. The outputs of the research showed
that the results of many current landslide susceptibility assessments used for wide areas, whose algorithms are
based on existing landslide inventories, can be strongly influenced by an improper mapping of existing landslides
and by an outdated information on their type of movement and state of activity. Therefore the value of traditional
geomorphological survey should be reasserted within landslide susceptibility and hazard assessments, since the
proper knowledge of landslide cause-effect relationships through time and under the current changes in climate
becomes crucial.
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Comparing binary logistic regression and stochastic gradient boosting techniques in debris-flows
susceptibility modelling: application in North-Eastern Sicily

LOMBARDO L.(1), CAMA M.(1), CONOSCENTI C.(1), HOCHSCHILD V.(2), MARKER M.(2), ROTIGLIANO
E.(Q)

(1) Dipartimento di Scienze della Terra e del Mare (DISTEM), Universita degli Studi di Palermo, PALERMO,
ITALY ; (2) Department of Geography, University of Tuebingen, TUEBINGEN, GERMANY

On October 1, 2009 the area around the village of Giampilieri (Sicily), on the lonian side of the Peloritan belt,
suffered thousands of landslides triggered in few hours, causing 36 victims, over 100 injured and more than 0.5M
€ of damage to structures. This phenomenon was caused by an extreme meteorological event, recorded at the
foothills areas with 250mm of rain in just 8 hours.

Due to the peculiar trigger and geomorphologic setting, debris flows and avalanches involved the shallow
weathered layer of the outcropping lithologies consisting of medium to high grade metamorphic rocks.

The purpose of this study was to prepare and compare susceptibility models for two catchments (the “Torrente
Briga”, TB, and the “Torrente Giampilieri”, TG, catchments) stretching in the storm centre area, by means of two
different methods: binary logistic regression and stochastic gradient boosting.

Besides, the possibility to model susceptibility condition in one of the two hydrographic units, by importing a
model trained in the adjacent one, was explored.

The susceptibility models were prepared using a large set of predictors derived from a 2m cell DEM, two
thematic maps and the landslide archive built on the basis of direct (on the field) and remote (Google EarthTM)
surveys, including 871 landslides in the TB and 1121 landslides within the TG.

We focussed on exporting procedures for susceptibility models because of the importance in optimizing the
survey costs as well as or, particularly, when facing phenomena which are locally triggered, such as the ones
activated under extreme rainfall events. In this cases, the landslide scenario used to train the statistical model is
locally and spatially more limited than the extension of the whole investigated area, so that suitable training areas
are to be searched for out of the study area.

The modelling has proved to be highly stable comparing the two different techniques, factor selection and
exportation procedures.
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Landslide susceptibility modelling for extreme rainfall-triggered multiple landslides: a key study from the
2009 event in the Giampilieri Aera (Sicily, Italy)

ROTIGLIANOQ E., CAMA M.E., CONOSCENTI C., LOMBARDO L.
University of Palermo, Italy, PALERMO, ITALY

On the late afternoon of 1% of October 2009, the area (about 50km2) centred on the village of Giampilieri
(Messina, Sicily), along the lonian front of the Peloritan belt, was struck by a storm which triggered about three
thousands of landslides in the time lapse of few hours, causing 36 victims. A huge number of debris flows and
debris avalanches occurred, as a downhill evolution of pure debris slides and debris flows at the head, involving
the shallow (0.5-2.5m thick) weathered layer of metamorphic rocks (phyllites and mica schists).

Extreme rainfall events in Mediterranean areas are typically very local phenomena, so that storm-triggered
landslide archives, which are mandatories for preparing stochastic susceptibility models, are made of clusters of
events, randomly scattered both in time and space. As a consequence, areas that potentially can be involved in
multiple landsliding events, frequently do not show past landslide scenarios, simply because recent storms
passed some kilometers away. This contribution explores the possibility of modelling susceptibility in these still
unstressed areas, by importing models prepared in already struck similar areas, where training landslide
inventories are available.

The study focuses on four small adjacent hydrographic units (the Itala, Scaletta, Giampilieri and Briga creek
basins), which extend for about 10km’ each, in the centre of the storm area. By applying forward logistic
regression on two landslide archives (before 2009: ALFA; after 2009: BETA) and a set of predictors, which were
derived from a 2m cell DEM and a geologic map, different types of susceptibility models were prepared for each
unit: model A, trained with ALFA; model B, trained using a random partition of BETA; model C, imported from the
other units, using BETA. Validation tests confirm that susceptibility modelling for storm-triggered landslides can
be best achieved, by importing models trained in areas, that have been already struck by storms in the past.
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Assessment of rockfall susceptibility in different morphostructural frameworks, Abruzzo Region, Central
Italy

PIACENTINI T., MICCADEI E., DI MICHELE R.
Dipartimento di Ingegneria e Geologia - Universita degli Studi "G. D'Annunzio" Chieti-Pescara, CHIETI, ITALY

Among the types of instability, different for typology, evolution and dimension, rockfalls represent a constant
hazard for structures, buildings and inhabitants because of their extreme speed. Rockfalls have been studied all
over the world in several geographical and morphostructural settings, from huge mountain escarpments to small
cliffs, with different approaches (from standard geomorphological analysis to multidisciplinary analyses including
geology, geomorphology, geomechanics, geophysics, modeling/ software simulation, etc.).

This work is focused on the rock fall distribution in central Italy (Abruzzo Region), in a complex morphostructural
setting characterized by the junction of chain area to piedmont and piedmont hills to coastal sectors with wide
coastal cliff.

The study began from the consideration that rockfalls were 67% of the mass movements triggered by the 2009
L’Aquila earthquake in the mountain area; other episodes were recorded during weather extreme events that
caused floods in the piedmont and coastal area.

The analysis of rockfalls in Abruzzo has been conducted through: historical analysis of past events,
multitemporal and multiscale analysis of aerial photos, geological and geomorphological field surveys,
geomechanical analysis and software modeling.

Analyzing several case-histories, involving different morphostructural contexts and different rocks (calcareous,
arenaceous-pelitic, arenaceous-conglomeratic), the role of geomorphological factors in determining propensity to
instability has been highlighted. The analysis of these factors has allowed for the evaluation of susceptibility and
the outlining of rockfall propensity maps (in terms of detachment areas and fall areas).

These maps provide indications: at regional scale for preventing instability phenomena and reducing rockfall risk;
at local scale for a correct land management and as tools for predicting in advance the scene of a disaster and
its impact on the anthropized landscape.
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Assessing for deep-seated catastrophic landslide susceptibility of Japan: Application and verification for
Kii mountain range, Japan

MORITA K.(1), ISOGAI N.(1), ISHIZUKA T.(1), UCHIDA T.(2), OCHI H.(3)

(1) Public Works Research Institute, TSUKUBA-CITY, IBARAKI-PREFECTURE, JAPAN ; (2) National Institute
for Land and Infrastructure Management, TSUKUBA-CITY, IBARAKI-PREFECTURE, JAPAN ; (3) Ministry of
Land, Infrastructure, Transport and Tourism, CHIYODA-KU, TOKYO, JAPAN

In steep mountainous regions, landslides may include both soil and underlying weathered bedrock (hereafter,
“deep-seated catastrophic landslides”). The velocities and volumes of deep-seated catastrophic landslides are
often very large, so these landslides may cause serious damage such as Shaolin Village, Taiwan, in 2009 and
Leyte Island, Philippines, in 2006. Reducing these hazards requires the development of objective methods to
assess and map potential sources of deep-seated catastrophic landslide.

We proposed the deep-seated catastrophic landslide frequency map of Japan and the method for estimating
spatial patterns of deep-seated catastrophic landslide susceptibility for many small catchments in a study area
around Mount Wanitsuka, Japan. This method is based on the concept that deep-seated catastrophic landslide
susceptibility are related to the ancient deep-seated catastrophic landslide scars, microtopography and other
topography-related factors.

In the Kii mountain range, Japan that have caused serious damage by deep-seated catastrophic landslides in
1889, we have assessed the deep-seated catastrophic landslide susceptibility for catchment-scale (ca., 1 kmz)
applying the method above mentioned.

After the assessment, the heaviest rain brought by Typhoon Talas generated 72 deep-seated catastrophic
landslides in this area at the beginning of September, 2011. Then we verified the applicability of the method with
this data, and found certain correlation of them.

Here we report spatial patterns of deep-seated catastrophic landslides occurred and the verification of the
applicability of the method for estimating spatial patterns of deep-seated catastrophic landslides susceptibility
using the data of disaster caused by Typhoon Talas in 2011 in the Kii mountain range.
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Debris Flows in Rio de Janeiro: Mapping, Modeling and Dating

FERNANDES N.(1), AMARAL C.(2), BIERMAN P.(3), SILVA L.M.(1), ARAUJO J.P.(1), VARGAS JR. E.(4), DE
CAMPOS T.(4), DOURADO F.(5), LOPES M.(1), PEIXOTO M.N.(1), NUNES A.(1)

(1) FEDERAL UNIVERSITY OF RIO DE JANEIRO, RIO DE JANEIRO, BRAZIL ; (2) DRM-RIO DE JANEIRO
GEOLOGICAL SERVICE, RIO DE JANEIRO, BRAZIL ; (3) UNIVERSITY OF VERMONT, BURLINGTON,
UNITED STATES ; (4) CATHOLIC UNIVERSITY, RIO DE JANEIRO, BRAZIL ; (5) RIO DE JANEIRO STATE
UNIVERSITY, RIO DE JANEIRO, BRAZIL

In the last few decades, the state of Rio de Janeiro in Brazil has been affected by many catastrophic landslides
leading to equally devastating mud and debris flows. The combination of intense summer rain storms, soil-
mantled steep slopes, and largely uncontrolled occupation of slopes and stream-side valley bottoms, generates
the conditions not only conducive to landsliding but to disaster as the floodplains of streams and rivers become
more densely populated. Despite the many scientific advances in prediction and warning systems the number of
deaths and the economic losses in the state continue to grown. For example, in one night in January 2011, more
than 1300 people were killed in Rio de Janeiro, both on hillslopes and in adjacent floodplains when an intense
summer rainstorm (about 350 mm/24h, after a long rainy period) triggered debris flows that were more than
10km long generating huge debris deposits (some more than 7m thick). Therefore, the main objective here is to
improve our ability to predict landslide locations, both in space and in time, thus providing a system by which
resulting debris flow hazards can be reduced in the state of Rio de Janeiro. In this study we combine field
mapping to delineate the extent of that debris flow deposits in selected catchments of Rio de Janeiro state, soll
sampling and field experiments to characterize soil properties, dating of debris flow deposits using
measurements of 1°Be and *C to constrain the age and recurrence interval of flows, and modeling of landslides
and debris flows initiation and propagation using a combination of different mathematical models. The results,
although preliminary, attest the effects of local factors in controlling debris flows initiation and propagation.
Besides, they also suggest that the quantitative methodologies used here, based on physically-based
procedures, are capable of predicting the location of unstable sites to landslides in dense populated areas of Rio
de Janeiro.
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Accelerated landsliding due to climate warming? Modeling results from western Germany

GRUNERT J.(1), KRAUTER E.(2), KUMCERICS C.(2)
(1) Department of Geography, Mainz University, MAINZ, GERMANY ; (2) FSR (Landslides Research Center),
MAINZ, GERMANY

In the 4th edition of the IPCC report the climate change expected until the end of this century is described by
different scenarios. For this study, the moderate version A1 B was chosen and, as a tool, the statistical model
REMO (Regional Modeling of Present and Future Climate) was taken. The modeled climate evolution of the two
periods 2021-2050 and 2071-2100 was compared with the reference period 1961-1990. The model which has
been developed by the MPI for climate research in Hamburg is based on pixels of 10x10 km covering central
Europe. For each year the following parameters have been calculated: days per months mean temperature lower
than 0 °C, and -5°c; daily and monthly precipitation rate and rainy days with P more than 20 mm. As field
examples were taken: the vineyards-covered Wissberg in Rheinhessen, built up of tertiary sediments and known
as an old landslide area, and a steep slope of the Mosel valley near Puenderich, built up of various devonian
rocks. Here, an important railway has been threatened by landslides and rockfalls since 1880. First results are as
follows: In both cases frost periods will be eliminated towards the end of this century. Summer rains will be more
sparse but more intensive than today. Contrary, winter rains will become more abundant until 2100 with the effect
of growing destabilization of the slopes especially by a higher pore water pressure. Roads and railways will
therefore become generally more threatened by mass movements than today.
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Update of rainfall thresholds for landslide activity in the Lisbon area (Portugal)

OLIVEIRA S.C., ZEZERE J.L.
Centre for Geographical Studies, University of Lisbon (CEG-UL), LISBOA, PORTUGAL

Landslides have a clear climatic signal in the Lisbon area and rainfall triggered the 25 regional landslide events
that occurred since the late 50's of the last century. Traditionally the reference rain gauge of S&o Julido do Tojal
has been used to collect daily rainfall data and to establish the regional empirical relationships between rainfall
and landslide activity.

In order to update and to improve the regional rainfall thresholds two pragmatic approaches are used exploring
empirical relationships based on the antecedent rainfall records for time periods ranging from 1 to 90 consecutive
days prior to landslide events.

The first approach is based on the regression between the critical cumulative rainfall amount and the
corresponding rainfall event duration associated to each landslide event occurred during the last 30 years. A
regression model is used to automatically derive the minimum daily rainfall necessary to reach a rainfall
triggering threshold in 5 meteorological stations located north of Lisbon. A particular attention is ascribed to the
critical rainfall duration because short rainfall periods are typically associated with shallow landslide events while
deep landslide events are more frequently associated to long lasting rainfall periods.

The second approach is used to assess the maximum, minimum and pre-warning thresholds for the study area.
The maximum rainfall threshold is the empirical limit above which no false positive landslide events are expected;
the minimum threshold defines the minimum empirical relationship between rainfall amount and rainfall duration
below which any landslide event is expected to occur; and the pre-warning threshold is a limit base on a certain
percentage rainfall necessary to occur in order to be reached the minimum threshold. For rainfall combinations
falling between the minimum and maximum rainfall thresholds the probability of occurrence of a landslide event
is calculated based on the ratio true positive/false positive.
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Quantitative landslide hazard assessment in the hilly valleys of the Pays d'Auge plateau (Normandy,
France)

FRESSARD M.(1), THIERY Y.(2), MAQUAIRE O.(1)

(1) UMR 6554 CNRS, LETG-GEOPHEN, University of Caen Basse-Normandie, CAEN, FRANCE ; (2) EURO-
ENGINEERING, PAU, FRANCE

A guantitative shallow landslide hazard assessment model is presented for a 24 km? region of the Pays d’Auge
plateau. The data required were mostly obtained from field work investigations, completed by scarce historical
records. Due to the relative infrequent occurrence of the landslides on the study area, the susceptibility map was
obtained using the rare events logistic regression with replication model. This multivariate statistical technique
permits the correction of the overestimation of the final probabilities that is often observed in using the ordinary
logistic regression. The data introduced in the model: (i) landslide data, (ii) topographic derived data (slope,
aspect, curvature etc.), (iii) landuse, (iv) landuse trajectories since 1947 and (v) surficial formations were
obtained from the extensive field investigations and air-photo interpretation on a set of five historical images
series.

The temporal probability of landslide triggering was estimated using the exceedance probability of rainfall and
ground water level threshold. Due to the scarce historical records on landslides in the study area, the triggering
thresholds were defined by combination of the available data and detailed analyses of three representative case
studies. These analyses are based on the landslide structure identification and safety factor modelling. Since
there is no well established classification system of the landslide magnitude prediction, the estimated landslide
volume was used as proxy of the magnitude probability assessment. A quantitative landslide hazard evaluation
was then obtained from the combination of the landslide initiation, occurrence and magnitude probability. Finally,
four landslide hazard maps are proposed considering different return periods of the triggering event (i.e. 5, 10, 20
and 50 years).

The results should allow improving the quality of the operational mapping in Normandy and permit a more robust
risk assessment.
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Quantitative Risk Analysis for shallow slides: the case of S. Marta de Penaguido (Douro Valley, Portugal)

PEREIRA S.(1), SILVA M.(2), GARCIA R.A.C.(1), ZEZERE J.L.(1)
(1) IGOT-CEG, University of Lisbon, LISBOA, PORTUGAL ; (2) CEGOT, Dynat, PORTO, PORTUGAL

In this work a quantitative risk analysis is applied for buildings and roads exposed to shallow slides in the Santa
Marta de Penaguido municipality, located in the Douro valley (northern Portugal).

767 shallow translational slides dating from 2000 to 2010 were inventoried in the study area using aerial photo
interpretation and field work. Seven landslide predisposing factors were weighted and integrated using the
Information Value Method supported by the landslide partitioning using temporal and random criteria. The
landslide susceptibility models were validated using standard ROC curves and AUC (Area Under the Curve).

The probability of landslide size, which is a proxy for landslide magnitude, was estimated using a probability
density function. In addition, a landslide hazard scenario was defined based on a rainfall-triggered landslide
event occurred in January 2001 with a 3-years return period.

A detailed inventory of buildings and of the road network was made at the 1:1000 scale. 303 km of roads and
8295 individual buildings were inventoried and classified according to the construction technique, type of
material, number of floors and conservation state. Furthermore, the function associated to each building was
assessed and classified. A vulnerability curve was constructed for each type of building and road taking into
account both the structural properties of exposed elements and the proxy of landslide magnitude (landslide
area).

The economic value of the road network was derived from the typical cost of road construction provided by the
Portuguese Road Institute. The value of buildings was assessed by considering: (i) the typical construction cost
per square meter in Portugal; (i) the area of the building; (iii) the function of the building; (iv) the location of the
building; (v) the quality index of the building; and (vi) the age of the building.

The landslide risk was assessed for each individual building and road path and the final result is expressed in
euro.
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Probabilistic modelling of uncertainties in vulnerability assessment - application to hydro-meteorological
hazards in the municipality of Malborghetto-Valbruna, Italy

CIUREAN R.(1), HUSSIN H.(2), FRIGERIO S.(3), GLADE T.(1)

(1) University of Vienna, Dep. of Geography and Regional Research, VIENNA, AUSTRIA ; (2) CNR-IRPI,
National Research Institute for Geo-hydrological Protection, PERUGIA, ITALY ; (3) CNR-IRPI, National Research
Institute for Geo-hydrological Protection, PADOVA, ITALY

In mountainous European regions hydro-meteorological hazards develop often to disastrous events responsible
for considerable losses in the society and the environment. Whilst many risk assessment applications and
research has focused on vulnerability to hydro-meteorological hazards in the last years, few studies considered
the uncertainties inherent in the vulnerability assessment and their propagation in its successive process stages.
This contribution proposes a methodology for vulnerability assessment of buildings to hydro-meteorological
hazards, in particular debris flows, with a focus on the parameter and model uncertainties and their effects on the
final vulnerability estimates. Herein, vulnerability is defined as the degree of loss to a given element or set of
elements within an area affected by a given hazard. The model uses exceedance probability functions (fragility
curves) to describe the damage as probability distributions for each intensity of the hazard using empirical data.
In this study, the intensity of the hazard is expressed as flow depth. The fragility functions are then used for the
uncertainty analysis in a Monte Carlo (MCS) framework which is structured in two components representing two
different sources of uncertainty, aleatory and epistemic uncertainty. Emphasis is placed also towards indicating
the sources of uncertainty within the analysis process in relation to data requirements.

The developed methodology is applied in Malborghetto-Valbruna, a municipality in the Province of Udine, Friuli-
Venezia Giulia, a region in Italy which experienced extreme precipitation events leading to the occurrence of
damaging flash floods, hyper-concentrated flows and debris flows.

The results of the proposed methodology can serve as input in a Probabilistic Risk Assessment (PRA) framework
as a more rational support for decision making.

Keywords: quantitative vulnerability assessment, uncertainty, hydro-meteorological hazards, Malborghetto-
Valbruna, Italy
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Landslide risk models on the basis of recent occurrences

REMONDO J., BONACHEA J., BRUSCHI V.M., GONZALEZ-DIEZ A., DIAZ DE TERAN J.R., CENDRERO A.
Universidad de Cantabria, SANTANDER, SPAIN

Mass movements, or landslides, are one of the most common and frequent processes affecting the Earth’s
surface. This type of process produces important economic losses when affecting vulnerable elements.
Therefore, it is necessary to develop methods and/or tools that make possible risk assessment and prediction
mapping for these processes. During recent decades significant progresses have been made in this field,
developing and applying different methodologies to model landslide susceptibility and hazard. However,
procedures for landslide risk modelling are scarce.

The occurrence of landslides in the Bajo Deva area (Guipuzcoa province, Spain) has been studied at length. For
this reason a complete inventory of shallow landslides in the zone for the last 60 years has been obtained. In a
lesser extent, data on landslide damage could be obtained.

In this work the economic losses caused by two landslides occurred in the study area due to heavy precipitations
have been analysed. The study of these slope movements and their effects has been compared with landslide
susceptibility, hazard and risk models elaborated in previous works.
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Landslide risk assessment and management in the archaeological site of Machu Picchu Inca citadel
(Peru)

SPIZZICHINO D.(1), MARGOTTINI C.(1), SOLDATI M.(2)
(1) Department of Geological Survey of Italy, ISPRA, ROMA, ITALY ; (2) Dipartimento di Scienze della Terra,
Universita degli Studi di Modena e Reggio Emilia, MODENA, ITALY

The archaeological site of Machu Picchu, designated by UNESCO as a World Heritage Site since 1983, is
affected by frequent landslides which threaten its security and tourism exploitation. Even an alarm about a
possible collapse of the entire citadel was lunched in March 2001. Since then, theattention of the international
community has been focused on the site investigation and research, to prevent such “catastrophic landslides”.
The necessity to fully understand the potential and present phenomena in the area of Machu Picchu led
international and Peruvian experts to the development of an interdisciplinary research project based on field
survey and monitoring activities with low environmental impact (remote sensing techniques). The results of these
investigations have not proved the existence of a single catastrophic landslide events, but highlighted the
presence of numerous geomorphological processes which may have severe implications for the security of the
archaeological remains and its visitors. In order to contribute to a proper site management, further research
activities have been developed, on a local scale; these, combined with previous field surveys, monitoring and
analysis, have contributed to the definition of a geomorphological model of selected relevant phenomena, in
order to assess the related landslide risk. In the present work the following analysis has been implemented on a
local scale: geomorphological and geomechanical characterization, passive seismic technique application for
stratigraphic purposes and stability analysis implementation. The research outputs allowed the implementation of
a more general evolutionary model including the definition of landslide hazard, exposure and vulnerability of the
entire archaeological area, in terms of response to geomorphological stress. The main result of the above
mentioned activities is the landslide risk assessment for the site and the implementation of a preliminary master
plan for the definition of mitigation measures and policy for the archaeological park management.
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Retrieving high resolution deformation patterns of slow moving landslides by COSMO-SkyMed SAR data:
a sustainable long term monitoring system using artificial reflectors

IASIO C.(1), MULAS M.(1), PETITTA M.(1), CORSINI A.(2)

(1) Institute for Applied Remote Sensing - EURAC, BOLZANO, ITALY ; (2) Earth Science Dept. - University of
Modena and Reggio Emilia, MODENA, ITALY

To monitor slow moving landslides affecting broad areas in mountainous regions with high resolution over long
time may be very expensive, although this might prevent recurrent and serious losses and damage to
infrastructure. The complexity of these phenomena, usually characterised by different sources and interlaced
runout areas, adds further difficulty to the understanding of their dynamics and forcing factors. Communities
affected by such hazards should be provided with continuous monitoring systems which should be economically
sustainable in the long term.

This paper describes a method for monitoring wide complex landslides characterised by slow deformation rates,
irrespective of land cover and bedrock lithology. It redefines the approach to monitoring slope displacement
based on satellite SAR data, including the validation by sporadic GPS surveys.

The workflow consists of: i. a preliminary study for the selection of relevant points to be instrumented by Atrtificial
Reflectors (AR); ii. data processing by multi-interferometry techniques; and iii. the particular spatio-temporal
analysis of the obtained time series for displacement.

This approach has been tested on a well-studied complex earthflow earthslide, 3.5 km long and with an
estimated volume of 30 Mm3, threatening the renowned touristic community of Corvara in Badia on the
Dolomites (South Tyrol, Italy). The effects of the main forcing factors on deformation have been quantified by the
post-processing of time series from 11 measurement points, improving the landslide zoning.

Starting from the lessons learned from this revised remote-sensing application, we show how strengths and
weaknesses of a classical persistent scatterers interferometry approach have been addressed by introducing
geomorphological criteria in the selection of points to be adequately instrumented with ARs, and how this
approach may be further improved.
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Landslide monitoring: Analysis of displacement data of different landslides in Wanzhou District, Three-
Gorges Reservoir, China

GUI L.(1), YIN K.(1), GLADE T.(2)

(1) Faculty of Engineering, China University of Geosciences (Wuhan), WUHAN, CHINA ; (2) Dep. of Geography
and Regional Research, University of Vienna, Austria, VIENNA, AUSTRIA

Analysis of displacement monitoring data of landslides plays a significant role in the assessment of landslide
stability and deformation stage judgment. Numerous methods have been applied to deal with the monitoring data
in order to estimate and predict the movement of landslides, including the fractal theory. It has been proved that
the displacement of monitoring points on landslides reflects the fractal characteristics. In this study, the goal is to
perform an analysis based on fractal principles to gain characteristics of landslide displacement, and to estimate
the deformation stage of different landslides. This study is carried out in Wanzhou District, the Three-Gorges
Reservoir, China, where a lot of landslides are being monitored and exhibit different degree of displacement. The
data is received from the Three Gorges Geohazard Control Headquarters, based on landslides surface GPS
monitoring carried out by the staff of the local environmental monitoring station.

In this study, fractals are applied to analyze the characteristics of different landslides displacement. At first the
relationship between landslide displacement and landslide influencing factors, as changes of reservoir water
level and precipitation, need to be analyze to get a general idea about reasons of deformation of those
landslides. Then the characteristic of landslide displacement is analyzed on fractal theory. The result of each
landslide is compared with each other in order to generalize the characteristics of landslide displacement in this
area. Finally, the deformation stage of each landslide is estimated. The results from this study will help the
involved institutions to get the information of the stability and the deformation stage of these landslides.
Additionally, they can transfer this local knowledge to other landslides using this method. It will be meaningful for
those who work with early warning system and are in charge of policy making.
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Continuous monitoring of a slope affected by shallow landslides in North'Eastern Oltrepo Pavese
(Northern Apennines, Italy) for landslide susceptibility assessment: preliminary results

MEISINA C.(1), ZIZIOLI D.(1), BORDONI M.(1), VALENTINO R.(2), BITTELLI M.(3), CHERSICH S.(1)

(1) Earth and Environmental Sciences Department - University of Pavia, Italy, PAVIA, ITALY ; (2) Department of
Civil, Environmental, Territorial Engineering and Architecture - University of Parma, PARMA, ITALY ; (3)
Department of Agro Environmental Science and Technology - University of Bologna, BOLOGNA, ITALY

Shallow landslides are slope movements, due to extreme rainfall events, affecting superficial deposits of small
thickness; their failure surface is, generally, located within the soil-bedrock interface. Although they involve small
volumes of soil, due to their close proximity to urbanized areas, they cause significant damage to structures and
infrastructures and, sometimes, human losses.

Therefore, identifying at slope scale the soil hydrological and mechanical processes which control the shallow
landslide triggering mechanisms is becoming of crucial interest in order to assess the shallow landslide
susceptibility using physically based models and to develop early-warning system.

For this purpose an experimental monitoring station was installed in an area of the North—Eastern Oltrepo
Pavese where several shallow landslide events occurred in the last years.

The test site slope is representative of other sites in Northern Apennines subjected to shallow landslides: it is
characterized by medium-high gradient (more than 15°), the land use is constituted by trees and shrubs
developed on abandoned vineyards, the bedrock is made up of gravel, sand and poorly cemented
conglomerates.

The experimental station consists in a pluviometer, a thermo-hygrometer, a barometer, a sonic anemometer and
a net radiometer. Six TDR probes are placed at 0.2, 0.4, 0.6, 1, 1.2, 1.4 meters from ground level to measure the
soil water content. To measure soil matric suction three tensiometers and three heat dissipation sensors are
installed at 0.2, 0.6, 1.2 meters from ground level. The data are collected by a datalogger every 10 minutes.

In this work preliminary results obtained from 12 months of monitoring are presented: emphasis is given to the
response of the cover materials after dry and wet periods in terms of soil water content and matric potential.
These results will be linked to determine the hydro-geotechnical processes that could predispose the triggering of
shallow landslides.
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Poster presentations:

Zoning and analysis of landslide risk in the urban watershed of the stream of independencia, in the city of
Juiz De Fora (MG/BR)

ZAIDAN R.(1), FERNANDES N.(2)

(1) Universidade Federal de Juiz de Fora, JUIZ DE FORA - MG, BRAZIL ; (2) Universidade Federal do Rio de
Janeiro, RIO DE JANEIRO - RJ, BRAZIL

The landslides are very frequent geomorphological processes in nature. Brazil, by presenting a vast extension
with varied relief forms, added to the different climatic regimes, is the stage for a wide variety of these processes.
Many are the news about this theme, which are portrayed in the media, mainly in the southeast region of this
country, where areas of very mountainous relief are located. When the landslides happen in areas without urban
occupation, they do not become target of news, however, when the population growth, followed by the expansion
of urban areas, reaches the areas susceptible to the occurrence of these processes, areas of risk can be
defined. In this work, an application was presented, demonstrating how to detect and classify the occurrence of
slippage in these areas of risks, supported by a deterministic mathematical method called SHALSTAB, in a
watershed basin in the process of urban occupation. The results showed that more than half of the areas
classified as susceptible to landslide occurrence are not occupied yet, which means that public policies that
inhibit their occupation can still be adopted in order that these areas might not be configured as areas of risk to
the population. In areas where the risk of landslide was determined, a classification was performed, followed by a
geographical analysis.
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Assessment of landslide susceptibility using landslide map in Japan

DOSHIDA S.
National Research Institute for Earth Science and Disaster Prevention, TSUKUBA, JAPAN

Landslide disasters have been taking our precious lives and assets by occurring in various locations and
situation each year. So, it is necessary for us to acknowledge the high-risk landslide locations and situations.
National Research Institute for Earth Science and Disaster Prevention (NIED), Japan, have published the
landslide distribution map "landslide map" for preventing and mitigating landslide disasters. The landslide map
have mapped the 350,000 or more landslide topographies in whole Japan by interpretation of aerial photographs.
The objects of this research are to clarify geological and geomorphological features of landslide by analyzing the
landslide map and to make the landslide susceptibility map for the assessment of landslide in whole Japan.

| propose the method of the wide area landslide assessment used by the features and distributions according to
of geological setting . | calculate the landslide body ratio in each geological unit. The landslide body ratio is that
the rate of the landslide body area in each geological unit and the whole area in each geological unit. The
landslide body ratio can be considered that landslide susceptibility (occurrence probability of landslides) in each
geological unit.

As a result, an average of the landslide body ratio is about 5.6 % in whole Japan. The area consist of the
accretionary complex based on volcanic rocks and plutonic rocks have comparatively high-risk landslide
susceptibility, and the area of Neogene rocks and Paleogene rocks have the high-risk too. On the other hand, the
area of plutonic rocks and Quaternary rocks have low-risk landslide susceptibility. The results show that the
landslide susceptibility is greatly different according to geological unit. In the future, | want to assess the landslide
susceptibility that accuracy is more high-resolution and better by adding some parameter respectively.
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The characteristic features of landslides in the 2011 off the Pacific Coast of Tohoku Earthquake

DOSHIDA S., UCHIYAMA S.
National Research Institute for Earth Science and Disaster Prevention, TSUKUBA, JAPAN

In the 2011 earthquake off the Pacific coast of Tohoku, the loss of human life resulted not only from the direct
shaking of the earthquake and resulting tsunami, but also from many landslides that occurred in the region.
However, these landslides were few and small, considering the magnitude of the Tohoku earthquake.
Furthermore, many of the catastrophic landslides occurred inland instead of in coastal areas near the epicenter.
In this research, we consider the underlying cause of this deviation of the landslide distribution by comparing the
landslide distribution with various other parameters such as geomorphological features, geological features, the
precipitation before the Tohoku earthquake and the peak ground acceleration (PGA) and velocity (PGV) of the
seismic waves.

We also compare the landslide distribution produced by the Tohoku earthquake with past landslide distributions
(landslide maps published by National Research Institute for Earth Science and Disaster Prevention, Japan). As
a result, it is presumed that because of its geomorphological features and geological features, catastrophic
landslides do not occur easily in the Tohoku area along Pacific Ocean, the area mainly consist of granite rocks.
This is thought to be one of the reasons why there were few reports of catastrophic landslides in spite of the of
the Tohoku earthquake. The PGA and PGV of the seismic waves of the Tohoku earthquake had greater values
inland than in coastal areas. This is one of the factors that contributed to the large number of catastrophic
landslides that occurred inland. An underground structure may have caused these high values in inland regions,
although it is necessary to further research this hypothesis in the future.
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Slope instability at Ischia Island (Gulf of Naples): scenarios for tsunamigenic landslides and coastal
vulnerability

DELLA SETA M.(1), ZANIBONI F.(2), TINTI S.(2), PAGNONI G.(2), FREDI P.(1), MAROTTA E.(3), ORSI G.(3)
(1) Dipartimento di Scienze della Terra - Sapienza Universita' di Roma, ROMA, ITALY ; (2) Dipartimento di Fisica
e Astronomia (DIFA) - Universita di Bologna, BOLOGNA, ITALY ; (3) Istituto Nazionale di Geofisica e
Vulcanologia - Osservatorio Vesuviano, NAPOLI, ITALY

This study focuses on tsunami hazard assessment in the Gulf of Naples connected with landslide occurrence at
Ischia volcanic island. Ischia is an active caldera affected by an intense resurgence that has generated a
maximum uplift of about 900 m over the past 33ka, at the Mt Epomeo block. Such a deformation implies
steepening of the relief flanks that, together with seismic shaking, triggers frequent slope failures. A large number
of offshore landslide deposits, highlighted by bathymetric surveys, and occurrence of corresponding scars,
mainly along the northern and western slopes of Mt Epomeo, testify for numerous past landslides having reached
the sea. Previous simulation procedure has shown the tsunamigenic power of some of such landslides.

The potential slide of Mt Nuovo Deep Seated Gravitational Slope Deformation has been assumed as the
potential tsunami source. Moreover, given the high population density and tourist value of the island, the coastal
vulnerability has also been analysed.

The landslide simulation, based on data collected during a geomorphological field survey, shows that the
mobilized rocky mass would attain considerable velocity (30 m/s) being then deposited offshore, close to the
coast (up to about 150 m b.s.l.). The generated tsunami would affect the entire northern coast of the island in
about 10 minutes with 10-m-high waves. Furthermore, it would approach the continental coast with an almost
parallel positive front. Castel Volturno, a coastal town about 30 km north of the island, would be hit after 20
minutes, with inland penetration of more than 1 km.

Preliminary results of tsunami vulnerability study focused on the northern coast, show that almost all the
buildings of the Casamicciola and Lacco Ameno towns, located at less than 10 m a.s.l., would be hit by the
simulated tsunami, with some light structures completely destroyed. In addition, more than 3,000 buildings would
be affected by the slide motion.
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The impact of landslides in urban areas. Case study ' the city of Baia Mare

IRIMUS LLA., MAGUT F., ZAHARIA S., POP O.T.
Babes-Bolyay University, Faculty of Geography, CLUJ-NAPOCA, ROMANIA

The city is based on Neogene sedimentary deposits of the Pannonian depression, consisting mostly of
alternating marl, grey clay, sandstone, tuff and volcanic pyroclastic materials. The covering Quaternary deposits
can be found in the southern terraces and the glacis which borders the volcanic mountains in the north of the
built up area. In the northern built up area, mostly due to the high slope values and the geologic characteristics,
rainfall and land use changes trigger landslides. Their spatial distribution has been analysed using logistic
regression in order to determine the susceptibility of the area to landslide processes. In addition, an analysis has
been performed using the heuristic method described in the Romanian legislation (Governmental Decision
447/2003) and the technical regulation GT-019-98. This method uses expert opinions in determining the
influence of eight factors on landslide susceptibility.The main impact of landslides in urban areas is the direct
damage to buildings which require complex geotechnical measures to be stabilised and repaired. In urban areas
these damages are more extensive due to the close vicinity of buildings and the complex infrastructure network
which leads to indirect damages related to the disruption of urban functionality. Furthermore, the areas which
could have been used for new buildings lose their economic value without stability measures.

The process of predicting landslide prone areas becomes an important factor in reducing the costs of stabilizing
active movements and their effects. In this respect the statistical method depends on a very good inventory of
landslides and gives better results on small areas, whereas the heuristic method can also be applied to a larger
area in order to determine the general landslide susceptibility, but has a certain degree of subjectivity.
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A comparative study between Weight-rating and Analytical Hierarchical Methods of Landslide
Susceptibility Zonation and Geotechnical Investigation of Some Individual Landslides in Dhalai District,
Tripura, India

DE S., GHOSH K.
Tripura University, AGARTALA, INDIA

Identification of landslide potential areas by Landslide susceptibility Zonation (LSZ) map is considered as the first
step for landslide hazard management. The present study is focused on the spatial analysis of landslide
susceptibility zonation using GIS as well as geotechnical investigation of some individual landslides occurred on
the slopes of Surma deposits (Lower-middle Miocene) in Dhalai District of Tripura, India (23025’19”N- 24°15'37"
and 91d°45'01"E - 92°10°26"E).

Two different landslide susceptibility zonation maps have been prepared on the basis of weight-rating and
analytical hierarchical methods considering 8 causative factors (layers), such as, lithology, road buffer, slope,
relative relief, rainfall, fault buffer, land-use/landcover and drainage density. Geotechnical investigation of some
individual landslides has been carried using Total Station and clinometer. Terrain modeling, area and volume of
such individual landslide have been estimated through LISCAD software. Soil samples have been tested in the
laboratory to determine soil texture and pH values.

The LSZ map produced from weight-rating system shows that only 1.64% and 16.68% of the total study area is
falling under very high and high susceptibility zones respectively. LSZ map produced on the basis of the
analytical hierarchical method also shows the similar kind of result. Both susceptibility maps show that the high
susceptibility zone is restricted within the structural hilly areas and low susceptibility zone is in flood plain areas
of the district. Results obtained through geotechnical investigation revealed that unconsolidated sandy materials
with occasional intersection of silt or clay layers, high amount of dip of rock strata, continuous seepage through
the fractures are considered as the preliminary causes of such menace which is further aggravated by
anthropogenic activities and triggered by abundant precipitation during monsoon season.
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Landslide susceptibility analysis and mapping: Pahuatlan-Puebla, Mexico

MURILLO GARCIA F.(1), ROSSI M.(2), REICHENBACH P.(2), MARCHENSINI 1.(2), ARDIZZONE F.(2),
GUZZETTI F.(2), ALCANTARA AYALA 1.(3)

(1) A) Posgrado en Geografia, Universidad Nacional Auténoma de México, MEXICO, MEXICO ; (2) B) Consiglio
Nazionale delle Ricerche, Istituto per la Protezione ldrogeologica, PERUGIA, ITALY ; (3) C) Departamento de
Geografia Fisica, Instituto de Geografia, Universidad Nacional Auténoma de México, MEXICO, MEXICO

Analysis of landslide susceptibility is one of the most important issues in landslide hazard studies. We present
the results of the application of various statistical multivariate techniques for the estimation, comparison and
validation of landslide susceptibility in the municipality of Pahuatlan, Mexico.

We compiled a multi-temporal landslide inventory by analysis of a digital elevation model (DEM) of Pahuatlan
area and through field surveys in the period 2011-2012. The DEM (10mx10m spatial resolution) was derived by
use of ERDAS IMAGE® and a stereo-pair of Very High Resolution satellite images GeoEyel.

The susceptibility analysis used a partition of the territory into slope units generated with the DEM and a tool
developed through GRASS. The tool identified 259 slope units within the study area and calculated for each of
those their different morphometric thematic variables such as slope angle, slope aspect and slope profile. Other
thematic variables were derived that associated with each slope unit its geological, structural and land use
information. The landslide area in each slope unit was used to classify it as stable or unstable (grouping
variable).

The derived grouping and thematic (or explanatory) variables were used to estimate landslide susceptibility by
use of three statistical multivariate models: (a) linear discriminant analysis, (b) logistic regression, and (c) a
neural network. We used a Logistic Regression Combination Model to combine the results of the three models
and obtain a final estimate of susceptibility. The models were validated spatially and temporally. The spatial
validation used two slope unit datasets randomly selected: the first (larger) to train the models and the second
(smaller) to validate them. The temporal validation was performed similarly but used two periods: the first
covering the period 1999-2010 was used to train the models and the second covering the period 2011-2012 to
validate them.
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Fluvial sediment transport: the effect of deposition behaviour on vulnerability of elements at risk exposed

FUCHS S.
University of Natural Resources and Life Sciences, WIEN, AUSTRIA

Fluvial sediment transport repeatedly causes damage in mountain environments to elements at risk exposed.
Recent empirical studies suggested a dependency of the degree of damage on the hazard impact, and
respective damage-loss (vulnerability) functions were deduced for individual torrent fans. However, until now only
little information was available on the spatial process characteristics causing the damage. Considerable ranges
in the loss ratio only provided the hint that there might be a dependency on the spatial behaviour of the process
intensity in the run-out area during individual events. Moreover, frequency-magnitude relationships developed for
torrent processes do not deal with such spatial deposition characteristics on a local scale.

Based on data from the Austrian Alps the spatial pattern of depositions was studied with a particular focus on the
guestion whether or not settlement structures have effects on the clustering of high process intensities, and thus
high loss ratios for buildings exposed. Using spatial scan statistics, clusters of high and low values of process
intensities and loss ratios were analysed. Methodologically, in order to include uncertainties, threshold values
concerning the amount and composition of data points necessary for such an approach were studied. It is shown
that — within a certain range — the significance and spatial position of clusters of high and low process intensities
remains stable over the torrent fans under investigation.

This study contributes to the discussion of the applicability of the frequency-magnitude concept within applied
geomorphology, and links fundamental research to applied natural hazard and risk management. It is argued that
an approach using spatial statistics may be used to increase our understanding of the spatial dynamics in the
run-out areas of torrent processes, and as such to the development of sustainable land-use policies in mountain
environments.
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Structural Control of landslides movements in the uplifted area of NW Peloponnese (Greece)

GOURNELOS T., TSAGAS D.
University of Athens, ZOGRAFOU,ATHENS, GREECE

In general , rapid uplift is connected to tectonic forces. The geomorphology of such uplifted areas is
characterized by steep margins ,high valley incision and slope instabilities.

In this paper we relate the general neotectonic and recent activity to landslide movements. Such movements are
numerous in the study area, of different types and affect many villages, regional and local roads and
infrastructures. The different stages of this work are

1 - data collection

2 - data analyses

3 - creation of different thematic map in a G.1.S platform

A database has been created including 181 landslides cases of the study area ,the geology, the drainage
network, the time and space rainfall distribution, the structural elements such as faults, fractures, fold axes,
inclination of bedding planes and the historical and instrumental earthquakes have been considered. The
principal mechanisms, for triggering landslides are earthquakes and heavy precipations. A major fault system is
situated in the northern margin in this uplifted area (faults of Derveni, Platanos, Rodini,Eliki,Psathopyrgos). The
structural induced landslide movements are directly related to reactivation of faulted zones produced by the
repeated occurrence of earthquakes.

It is concluded that there is a very good correlation between the spatial distribution, of the structural elements
and the locations of landslide areas. Finally human activities such as road construction and land use changes
have proved to favour landslide movemnents.
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Critical rainfall thresholds for triggering debris flows in a human-modified landscape: the case of Carrara
Marble Basin (Italy)

GIANNECCHINI R.(1), GALANTI Y.(1), D'’AMATO AVANZI G.(1), BARSANTI M.(2)

(1) Department of Earth Sciences, University of Pisa, PISA, ITALY ; (2) Department of Civil and Industrial
Engineering, University of Pisa, PISA, ITALY

In the Carrara Marble Basin (CMB, Apuan Alps, Italy) quarrying has accumulated widespread and thick quarry
waste, lying on steep slopes and invading or damming valley bottoms. The Apuan Alps area is one of the rainiest
in Italy and rainstorms often cause floods, landslides and debris flows: on September 2003 a rainstorm hit the
CMB, inducing more than 500 slope failures and causing damage and casualties.

The stability conditions of quarry waste are difficult to assess, owing to its textural, geotechnical and
hydrogeological variability. The waste mainly includes boulders and cobbles, together with a matrix formed of a
mixture of sand, silt and clay. Therefore, an empirical approach, basing on properties of rainfall able to trigger
debris flows, may be effective in assessing landslide hazard and planning warning systems.

Aiming at defining the critical rainfall thresholds in the CMB, a detailed analysis of the main rainstorms was
carried out. The hourly rainfall recorded by three rain gauges from 1950 to 2005 was analysed and compared
with the occurrence of debris flows. Critical threshold curves were defined in terms of duration, intensity,
cumulative rainfall and normalized by the mean annual precipitation. The curves were obtained applying
statistical techniques (logistic regression) in order to separate rainfall events which trigger debris flows from
events that do not.

The curves obtained for the CMB were compared with the threshold curves proposed for surrounding areas,
finding that the rainfall thresholds for quarry waste can often be lower than those obtained for natural slopes.
These curves were also compared with global curves proposed by various authors. Finally, the rainfall thresholds
obtained for the CMB were validated using rainfall events occurred in 2010 and 2011, obtaining encouraging
results.
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Coupling terrestrial and marine datasets for coastal hazard assessment and risk reduction in changing
environments - A EUR-OPA Major Hazards Agreement Project

SOLDATI M.(1), MAQUAIRE 0.(2), MICALLEF A.(3), COSTA S.(2), DELACOURT C.(4), FOGLINI F.(5),
JABOYEDOFF M.(6), LETORTU P.(2), LISSAK C.(2), PASUTO A.(7), PRAMPOLINI M.(1), TONELLI C.(1)

(1) Universita di Modena e Reggio Emilia, MODENA, ITALY ; (2) Université de Caen Basse-Normandie, CAEN,
FRANCE ; (3) University of Malta, MSIDA, MALTA ; (4) Institut Universitaire Européen de la Mer (IUEM),
PLOUZANE, FRANCE ; (5) CNR-ISMAR, BOLOGNA, ITALY ; (6) Universit¢ de Lausanne, LAUSANNE,
SWITZERLAND ; (7) CNR-IRPI, PADOVA, ITALY

The European and Mediterranean Major Hazards Agreement (EUR-OPA) of the Council of Europe is a platform
for cooperation between European and Southern Mediterranean countries in relation to na-tech risks. The main
objectives are to provide closer cooperation among member states in order to ensure better prevention and
protection in case of disasters and to develop new methodologies and tools for risk management.

This contribution outlines the aims and perspectives of a research project funded within this framework. The
project, managed by the Euro-Mediterranean Centre on Insular Coastal Dynamics (ICoD) in collaboration with
the European Centre on Geomorphological Hazards (CERG), is aiming at linking and integrating terrestrial and
marine datasets along the coastlines of Malta and Lower Normandy (France). The investigations carried out so
far have contributed to the reconstruction of coastal geomorphological evolution and to a better definition of the
kinematics of active landslides that determine risk situations.

The study areas show different morphoclimatic and tectonic setting, but have both been subject to significant
changes in sea level since the LGM, when the sea level was some 120-130 metres lower than present. Previous
research carried out in the frame of the CERG 2009-11 Project "Coastline at risk: methods for multihazard
assessment” has shown that several landslides along the coastlines of Normandy and Malta are likely to extend
well below the sea level and therefore coupling subaerial and submarine datasets is likely to provideuseful
information for their hazard assessement.

The Project is expected to deliver an original contribution and new directives for risk reduction in coastal areas
taking into account historical and possible future climate changes by means of the application of a
multidisciplinary approach aiming at the recognition of landforms which are presently under the sea level, but
which were emerged in very recent geological periods
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Evaluation of mitigation measures to reduce shallow-landslide hazard induced by extreme rainfall events:
analysis of the road network in the Vernazza catchment (Cinque Terre, Italy)

BRANDOLINI P.(1), GALVE J.P.(2), CEVASCO A.(1), SOLDATI M.(3)

(1) Dipartimento di Scienze della Terra, dell'’Ambiente e della Vita, Universita degli Studi di Genova, GENOVA,
ITALY ; (2) Departamento de Ciencias de la Tierra, Universidad de Zaragoza, ZARAGOZA, SPAIN ; (3)
Dipartimento di Scienze Chimiche e Geologiche. Universita di Modena e Reggio Emilia, MODENA, ITALY

The severe Mediterranean storm occurred on 25 October 2011 triggered several shallow landslides in the Cinque
Terre area (eastern Liguria, Italy) that disrupted transportation routes causing significant direct and indirect
economic losses. In the Vernazza catchment the high-intensity rainfall event (472 mm/6h at Brugnato, Vara
valley, and 349mm/6h at Monterosso, Cinque Terre) generated more than 500 shallow landslides and all
provincial roads connecting the village of Vernazza to the inland were closed due to severe damages. The
reparation works on roads has been estimated at more than 10 million Euros. Indirect economic losses related to
road closures are unknown but, although difficult to estimate, are likely to be higher than the direct losses, being
this area a very famous tourist resort. A quantitative procedure has been applied for estimating shallow-landslide
risk along the road network of Vernazza catchment in case a similar event occurs again. Firstly, a landslide
hazard model has been produced analyzing statistically the spatial relationship between the landslide-event
inventory and several conditioning factors. Secondly, the potential economic losses on roads have been
estimated defining damage scenarios. The risk estimation has been calculated by combining landslide
occurrence probability and expected losses on every road stretch. Additionally, the following aspects of the risk
estimation, assessment and management have been analyzed simulating different solutions for hazard
mitigation: (1) Impact of land use changes on landslide hazard and risk; (2) Identification of suitable engineering
mitigation measures to reduce possible future economic losses; (3) Cost-effectiveness of proposed solutions.
The presented method will be adapted to analyze other elements at risk in the study area to provide decision
makers with the basis to select the most adequate mitigation solution considering both economic and societal
factors.
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Landslide susceptibility validation using multitemporal inventory of landslides in the Moldavian Plateau,
Romania

NICULITA M., MARGARINT C.
University Alexandru loan Cuza, IASI, ROMANIA

Applying quantitative methods for estimating susceptibility to landslides is based on their spatial distribution. In
many cases there is an obvious dynamic areas affected by landslides. On the one hand, given the temporal
frequency of triggers, sliding surfaces growths is evident, on the other hand, land use changes often hinders
accurate mapping of landslides. This reality translates into a high degree of One of the possibilities to improve
these results is to consider several temporal landslide inventories. For an area of approx. 80 km 2 decreasing of
landslide mapped surfaces. This happens for the inventory of landslides made from photo-interpretation of 2008
aerial images. The 2008 situation susceptibility map was validated using the landslides of 1978, 0.9 AUROC
value indicating a good correlation of current delluvial classes susceptibility of the original map.
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An integrated model to assess rain fall thresholds for critical run-out distances of debris flows in the
Wenchuan Eartquake area, SW China

VAN ASCH T.(1), TANG C.(2)
(1) Faculty og Geosciences Utrecht University , UTRECHT , NETHERLANDS ; (2) State Key Laboratory of
Geohazards Prevention and Environment Protection, CHENGDU, CHINA

The 2008 Wenchuan Earthquake in the Sichuan Province, SW China generated many co-seismic landslides,
which delivered a lot of loose material. It caused a dramatic increase in debris flow occurrences in the
subsequent years.

For the development of early warning systems it is necessary to use integrated models which establish a link
between rain input, initiation and entrainment processes, propagation and deposition processes. A preliminary
model was designed, with entrainment processes driven by run-off water as the main triggering mechanism, to
describe the relationship between rain input and debris flow run-out with the intention to assess rainfall
thresholds for the start of debris flows and critical run out distances.

The model was calibrated on the depositional volumes of two debris flow events which occurred in two
catchments on August 2011 The calibrated model was used to construct a rainfall intensity —duration threshold
curve. This curve describes the thresholds for a critical run-out distance, determined by the outlet of the
catchment, which was considered as the limit beyond which elements at risk situated in the main river plain are
threatened. The calculated thresholds curves were compared with a threshold curve, which could be constructed
for the Wenijia catchment on the basis of a number of debris flow rain events with a varying intensity and
duration. In this catchment it became evident by field observations that a number of debris flows were triggered
by intensive run-off erosion of loose co-seismic rock avalanche material. It appeared that the power functions of
the calculated and observed threshold curves for these catchments have the same exponential value, which may
indicate that the debris flows are triggered by the same mechanism.

In addition, a method is proposed to estimate the time duration for the depletion of the loose co-seismic source
materials for these debris flows.
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Assessment of susceptibility for small landslides in the Secchia Basin (Modena Province - ltaly) by
means of statistical analysis

LIBERATOSCIOLI E.(1), SOLDATI M.(1), VAN WESTEN C.J.(2)

(1) Dipartimento di Scienze Chimiche e Geologiche - Universita' di Modena e Reggio Emilia, MODENA, ITALY ;
(2) Faculty of Geo-Information Science and Earth Observation (ITC) - University of Twente, ENSCHEDE,
NETHERLANDS

The present work is an attempt to assess susceptibility for small landslides in an area of 492 sq km located in the
River Secchia Basin (Northern Apennines - Italy). The Secchia Basin extends for almost 2,300 sq km, but the
current analysis focuses only on the hilly and mountain portion of the Modena Province as a prevention tool for
local Civil Protection. The altitude of the study area ranges between 125 and 1700 meters a.s.l., and landslide
processes represent one of its most important natural hazard. The susceptibility analysis concerns the landslides
classified as slide according the Emilia-Romagna Region (RER) Landslide Inventory Map (LIM). The slides are
1081 (76% of which is active) and show the smallest surface among the different landslide types affecting the
study area. The Weight of Evidence (WofE) method, a statistical approach, has been selected for performing
indirect landslide susceptibility assessment. The choice of the training set, based only on active landslides, takes
into account two main possible limitations: 1) the depletion areas are usually not mapped in the RER LIM which
reports only the accumulation part of the mass movements; 2) in the RER LIM the term slide includes both earth
and rock movements. In order to evaluate the fitting performance of the model, the final training set is randomly
divided into two groups: the calibration set (80% of the occurrences) to compute the model itself and the
validation set (20% of the occurrences) to estimate its quality. The analysis is based on the following
predisposing factors: lithology, slope and other geo-morphometric parameters, aspect, land use and cover,
distance from roads. Considering the above mentioned limitations, the resulting model predicts an acceptable
number of landslides. However, possible future improvements of the results and their usability for Civil Protection
purposes are discussed.
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Dunes dynamics and potential risks of mass movements in Natal-RN City, Brazil

FERNANDES E., CESTARO L.A., PEREIRA V.H.C.
Universidade Federal do Rio Grande do Norte, NATAL, BRAZIL

Coastal aeolian dune fields in Natal-RN city are inserted in the same dune complex that focuses like a band
proximal oceanic eastern coast of the state of Rio Grande do Norte-Brazil, which has been highlighting the
scenic-landscape and spatial relationships establishing with the local society and featuring varied uses of these
environments. This association between the natural and socioeconomic processes that act on these dunes have
promoted changes in the features of the relief from the instability of the steeper slopes, especially those leeward
(lee side) that generate induced processes such as mass movements and that endanger these communities.The
Environmental Protection Areas of Natal city are as territorial units of the natural environment planning and
management regulated by Natal city's master plan. However, these protection zones are distinguished by use
conflicts and occupation on these massive dunes. The objective of this study was to understand the dynamics of
dune fields in some areas of Environmental Protection in order to identify areas of potential risk to mass
movements on slopes of dunes occupied by local population. The modeling of land (slope, elevation) were
prepared from contour lines of equidistance 1 meter vectorized using the Spatial Analyst module of ArcGIS 9.3
(ESRI). Sediment analyzes were performed in laboratory in order to determine their morphological characteristics
and their maximum angle of friction between the grains. Besides, observations were made in situ indicators of
landslides in homes. As a result, the Maps of Potential Risk to Mass Movements presents the following risk
classes: NO RISK (slope 0 °); LOW RISK (slope from 1 to 10); RISK MEDIUM (slope from 10 ° to 25 ©); HIGH
RISK (slope from 25 to 31) and IMMINENT RISK (slope> 31 °).
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Between spatial autocorrelation and representativity: Seeking the 'optimal’ sample size for a statistical
spatial prediction model of debris flow initiation

HECKMANN T., GEGG K., BECHT M.
Catholic University of Eichstaett-Ingolstadt, EICHSTAETT, GERMANY

Statistical approaches to predictive modelling on the catchment scale are used very frequently compared to
heuristic and physically based methods. In many case studies, we find basic assumptions of statistical models
neglected or violated. In case of logistic regression, e.g., problems caused by spatial autocorrelation,
multicollinearity and the normally unfavourable ratio of “non-event” to “event” elements have often been ignored.
Recent work employing the methodology of “rare event logistic regression” tackles the bias induced by the latter
problem, but suggestions concerning the necessary sample sizes (for “non-events”) seem to be based mostly on
the literature, without having been thoroughly checked.

We present a case study of a prediction model for slope-type debris flow initiation. Using Monte Carlo analysis
with stepwise logistic regression on raster data, the effect of sample size on model results is investigated by
estimating 1000 models for a range of sample sizes. The “optimal” sample size is constrained by the requirement
of model stability on the one hand (with sample sizes too small, the factors contained in the stepwise analysis
and hence the model results are highly dependent on the sample) and sample independence on the other (with
sample sizes too high, the raster cells in the sample are too close, on average, and spatial autocorrelation
causes the sample to violate the independence assumption). The analysis yields not only the “optimal” sample
size, but also the “optimal” geofactor combination (which forms part of most models). The optimal parameters in
this respect are used to estimate a logistic regression model for a 15 km? study area in the Austrian Central Alps,
which is then validated in a neighbouring area. Moreover, we explore the magnitude and spatial distribution of
model uncertainties using an ensemble of 100 models calculated from independent samples.
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ChangingRISKS: Assessment and communication on possible effects of global changes on landslide
risks

MALET J.(1), BEGUERIA-PORTUGUES S.(2), PROMPER C.(3), GLADE T.(3), PUISSANT A.(4), REMAITRE
A.(1)

(1) Institut de Physique du Globe de Strashourg, STRASBOURG CEDEX, FRANCE ; (2) Estacion Experimental
de Aula Dei, EEAD-CSIC, ZARAGOZA, SPAIN ; (3) Department of Geography and Regional Research,
University of Vienna, VIENNA, AUSTRIA ; (4) Laboratoire Image, Ville, Environnement, STRASBOURG,
FRANCE

Landslides across the Alpine countries are recognised by practitioners, politicians and scientists as having a
major socio-economic impact, and may represent a significant risk for the population and the properties in
particular locations. The ChangingRISKS project intends to develop an advanced understanding of how global
changes (related to both environmental and climate change as well as socio-economical developments) will
affect the temporal and spatial patterns of landslide hazards and associated risks in two territories of the Alps,
and how these changes can be assessed, modeled and communicated (through mapping procedures) to
stakeholders.

The project work is focused on two mountain study areas located in France (Barcelonnette Basin, South East
France) and in Austria (district Waidhoffen/Ybbs, Lower Austria).These research areas, characterized by a
variety of environmental, economical and social settings, are severely affected by landslides, and have
experienced significant landuse modifications and human interferences over the last century.

Results on the influence of changing landuse conditions and changing climate are presented through the
application of a process-based modeling chain able to simulate transient groundwater hydrology and slope
instability from observed and simulated climate data sets. Further development of the modeling platform to the
calculation of intensity parameters (e.g. runout distances, sediment heights) are described.
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Methods for landslide susceptibility assessment, concepts and applications for spatial planning in Lower
Austria

PETSCHKO H.(1), BELL R.(1), GLADE T.(1), GRANICA K.(2), HEISS G.(3), LEOPOLD P.(3), BAUER C.(2),
PROSKE H.(2), POMAROLI G.(4), SCHWEIGL J.(5)

(1) University of Vienna, VIENNA, AUSTRIA ; (2) Joanneum Research Forschungsgesellschaft mbH, GRAZ,
AUSTRIA ; (3) Austrian Institute of Technology, TULLN, AUSTRIA ; (4) Office of the Lower Austrian Provincial
Government, Department of Spatial Planning and Regional Policy, ST. POLTEN, AUSTRIA ; (5) Office of the
Lower Austrian Provincial Government, Geological Survey, ST. POLTEN, AUSTRIA

Landslides pose threats not only for specific localities, they are also influencing larger areas and consequently
require spatial analysis methods for assessing the susceptibility to landslides. The decision on the most
appropriate model is dependent on many factors. These include the size of the study area, the spatial resolution
and quality of the input data sets, the usability and flexibility of spatial analysis methods, and the model
performance. Geospatial statistics help to estimate the model performance, however, the model should also be
assessed based on geomorphic plausibility, checked in the field or within GIS.

This contribution will present a study design for determining the best suited landslide susceptibility map for
spatial planning in Lower Austria. As the maps will be implemented in spatial planning practises it was decided
that the resulting maps are categorized in three classes. These classes are based on the percentage of slides
contained in each class which is defined by the spatial planners and geologists of the provincial government.
Considered landslide types in this study include rock falls and shallow or deep-seated slides. Rock fall
susceptibility is modelled using the Conefall approach, as the data on rock fall starting zones did not give enough
information for statistical modelling. For modelling the susceptibility of shallow and deep-seated slides the
generalized additive models (GAM) and the Weights of Evidence method (WofE) are tested. The resulting area
under the ROC, which was used as a statistical quality criterion for comparing model performance, does not
show significant differences between the GAM and WofE. The final decision of model choice is mainly based on
the geomorphic plausibility of the classified map. Therefore, for all landslide processes, the expert is still of major
importance not only to obtain detailed spatial input data, but also to provide a final judgement on the quality of
the map beyond statistical indicators.
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Debris flow susceptibility assessment in the avio valley (adamello-presanella massif, Central Alps)
through multitemporal and conditional analysis

SALVATORE M.(1), BARONI C.(1), CARLONI I.(1), DELLA SETA M.(2), DEL MONTE M.(2), VERGARI F.(2)

(1) Dipartimento di Scienze della Terra, University of Pisa, PISA, ITALY ; (2) Dipartimento di Scienze della Terra,
University of Roma La Sapienza, ROMA, ITALY

Alpine areas, especially those at the highest elevations, are particularly sensitive to climatic changes inducing
relevant modifications in the cryosphere extension and occurrence, as well as in frequency and intensity of slope
processes.

We present results of a multitemporal analysis of slope processes conducted in a high mountain area by applying
a method traditionally used for landslide susceptibility assessment, with the aim of defining the proneness to
debris flow occurrence.

The study area is the Avio valley (Adamello-Presanella Massif, Central Alps), among the main tributary valleys of
Valcamonica, which has recorded Late Glacial and Holocene glacial fluctuations, and, more recently, the glacial
retreat following the Little Ice Age. In the newly forming climatic-environmental condition, the active geomorphic
agents are affecting recently deglaciated areas, older glacial and slope deposits, clearly increasing instability
processes.

The multitemporal analysis of slope processes, and in particular of debris flows, started from a geomorphologic
map surveyed in 1985, and was updated with aerial photographs (1994 and 2006). All data were organized in a
geomorphologic database in GIS environment.

The susceptibility evaluation method furnishes an unbiased procedure for causal factor selection based on some
intuitive statistical indices, aimed at detecting among different potential factors the most discriminant ones in the
study area. Conditional analysis allows to determine the susceptibility index value for a combination of selected
causal factors (or vUCU, vector Unique Condition Units).

The multitemporal debris flow database allowed the validation of the obtained susceptibility model, in which many
areas estimated as highly susceptible coincide with the area actually affected by debris flows in the period
following that considered for the susceptibility evaluation, giving rise to encouraging results.
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Deformation and prediction of landslides with step-like deformation in the Three Gorges Reservoir

LID., YIN K., CHEN L.
China University of Geosciences(wuhan), WUHAN, CHINA

It is very difficult to predict deformation tendency and general failure of landslides with step-like deformation in
the Three Gorges Reservoir due to deformation complexity and lack of the failure criterion. The landslide
deformation in the reservoir is notably influenced by the coupling effect of rainfall and reservoir water level. The
deformation characteristics including local failure, multi-layer sliding and abrupt acceleration are firstly
researched in detail based on the monitoring information and geological environment. In order to establish
appropriate failurecriterion, the three-dimensional prediction model is established through the multi-dimension
body based on the landslide multi-factor. The landslide multi-factor is proposed on the basis of the alert velocity,
earth crack of landslide surface and macroscopical evidences. The alert velocity could be obtained from the
Voight's model. The three-dimensional failurecriterion is proved by Baishuihe landslide and Xintan landslide.

*kkkkkkkkk

Landslide Susceptibility Mapping Using SINMAP model, Serra do Mar, Brazil

NERY T.(1), VIEIRA B.C.(2)
(1) Cemaden, CACHOEIRA PAULISTA, BRAZIL ; (2) Universidade de S&o Paulo, SAO PAULO, BRAZIL

The process-based mathematical model have been used to evaluate the relative susceptibility to shallow
landsliding in mountain regions of Brazil. In these regions, especially, the Serra do Mar mountain range (located
along the southeastern Brazilian coast), shallow landslides are usual features associated with intense summer
storms causing catastrophic damages. On 23 and 24 January 1985, a summer storm (380mm/48 hours)
triggered thousands landslides and debris flow in the River valley Moji, in Cubatéo, Sdo Paulo state. In this study,
we evaluated the shallow landslides susceptibility in the Ultrafértil basin used SINMAP model, that is a
probabilistic mathematical model, which defines the relative susceptibility to shallow landsliding. We used high
resolution (4m?) Digital Elevation Model (DEM) obtained from a topographic map (1:10.000 scale). The sail
parameters (geotechnical and hydrological) and precipitation were extracted from the others works in the Serra
do Mar and thegovernmental agencies. Were proposed three scenarios varying the soil thickness (1 m, 1.5 m
and 3.5 m).The results suggest high shallow landslide susceptible, with stability indexes exceeding 60%. The
landslides occurred mainly on slopes of more than 30° and under conditions of partial saturation. The lower
threshold class concentrated the largest number of landsliding (> 100) for the three scenarios. On scenario 2 (1.5
m soil thickness) was concentrated the most part of shallow landslides below the 1 threshold, which corresponds
the unstable areas. The ratio (transmissitivy/steady state recharge) was the most sensitive parameter of the
model, showing that this ratio and the soil thickness were mainly important for these processes. The process-
based model is an important tool to understand the landslides spatial distribution and to predict shallow landslide
in steep tropical areas. Therefore, this tool can help the public administrators to reduce the damage in future
events.
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Multi-scale regional landslide susceptibility assessment in Sicily (Italy): The Sufra Sicilia Project

ROTIGLIANO E.(1), AGNESI V.(1), ANGILERI S.E.(1), ARNONE G.(2), CALI M.(2), CALVI F.(2), CAMA M.E.(1),
CAPPADONIA C.(1), CONOSCENTI C.(1), COSTANZO D.(2), LOMBARDO L.(1)

(1) University of Palermo, Italy, PALERMO, ITALY ; (2) Assessorato Territorio e Ambiente - Regione Sicilia,
PALERMO, ITALY

The SUFRA (“SUscettibilita da FRAna") project, moves from the same multi-level approach of the TIER JRC
European protocol. But, in light of the availability for the Sicilian territory of highly detailed geological I.s. and
landslide data, SUFRA diverges both in the worked data and in the model building methods, selecting a more
detailed three level landslide susceptibility assessment scheme: SUFRA100 (1:100,000), SUFRA50 (1:50,000)
and SUFRA25/10 (1:25,000/1:10,000). All the three mapping levels exploit climatic, soil use and seismic
informative layers, while differing: in the details of the core data (geology and topography); in the quality and
resolution of the landslide inventory; in the modelling approach.

SUFRA_100 is based on the heuristic modelling of a 1:100,000 geologic layer and a 250m cell DEM (IGMI)
250m; the mapping units are 1km side square cells and the models are validated with respect to the available
regional landslide inventory (PAI). SUFRAS0 is based on the stochastic modelling of 1:50,000 (CARG) geologic
maps and 10m DEM; the mapping units are 50m cells and hydro-morphometric units, while the landslide
inventory is specifically produced by means of a remote systematic landslide mapping. SUFRA10/25 is based on
stochastic modelling of field checked geologic maps and 2m DEM; the mapping units are the slope units (SLUs),
which are derived by further partitioning the hydro-morphometric units so to obtain closed morphodynamic units.
The landslide inventories are produced by means of field and remote surveys (on focus). SUFRA50 and
SUFRA25/10 models are validated by exploiting both random spatial partition and temporal partition methods.
Examples of SUFRA_100, SUFRA_50 and SUFRA_25/10 are presented for some representative key sector of
Sicily (northern chain and southern fore-deep sectors). First results attest for the feasibility and goodness of the
proposed protocol.
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Landslide susceptibility map of the Mauritius Island

MICCADEI E.(1), MARSALA V.(2), PIACENTINI T.(1), ROCCA M.(2), SCIARRA M.(1)

(1) Dipartimento di Ingegneria e Geologia - Universita degli Studi "G. D'Annunzio” Chieti-Pescara, CHIETI, ITALY
; (2) SGI Studio Galli Ingeneria Spa, PADOVA, ITALY

The landslide susceptibility map of the Mauritius Island is the result of a comprehensive project for the
Development of an Inundation, Flooding and Landslide National Risk Profile for the Republic of Mauritius carried
out in collaboration with the Ministry of Environment and Sustainable Development that provided the data for this
research.

Mauritius is a volcanic islands located in the western part of the Indian Ocean and constructed by three distinct
main episodes of volcanic activity from 10 to 0,02 M.y.

The mapping of landslides driving factors was carried out combining digital terrain models, geological, soil map
and land use data. An analysis of the orthophoto data was conducted for the main mountainous/hilly areas of the
island. The identified landslide prone areas were corroborated through a field geomorphological survey and
expert knowledge based analysis. The landslide susceptibility and hazard study of Mauritius was based on a
mixed heuristic and statistical analysis with multidisciplinary approach incorporating: 1) definition and GIS
mapping of geology and geomorphology factors, directly or indirectly linked to slope instability (slope, aspect,
profile curvature, planar curvature, drainage pattern, vegetation, lithology, soil, rainfall), by means of bibliographic
data and photogeology analysis; 2) mapping of the existing landslides and superficial deposits by means of
photogeology and field mapping; 3) GIS modelling of landslide susceptibility based on the statistical relationships
between factors and instability process, calibrated through field surveys.

The adopted methodology defined a different susceptibility for different type of instabilities (rock falls, landslides,
rapid earth flows). The ensuing maps were overlayed to obtain the overall instability map, analysed using the
cumulative distribution function and reclassified in four main classes. The overlay of these maps produced the
comprehensive landslides susceptibility map of the Mauritius Island.
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Regional-scale debris-flow modelization for hazard mapping in alpine basins using a high-resolution DTM
and events geodatabase

CREMA S.(1), CAVALLI M.(1), MACCONI P.(2), MARCHI L.(1)
(1) CNR-IRPI, PADOVA, ITALY ; (2) Hydrographic Office, Autonomous Province of Bolzano, BOLZANO, ITALY

A very detailed geodatabase of floods, landslides and debris flows is available and kept up to date for the
territory of the Autonomous Province of Bolzano, in northeastern Italy (7400 km?). The database is fed by field
surveys carried out after the occurrence of instability phenomena and reports locations and attributes of the
events for the last 15 years. The on-site analysis grants the gathering of important information and
documentation resulting from field measurements and interviews to witnesses of the events. Particular attention
is paid to the recognition of location, magnitude and path of landslides and debris flows.

Data on shallow landslide locations and debris-flow initiation sites have provided the input to a regional-scale
debris flow model aimed at the assessment of debris flow paths and inundation areas. A simple mass
propagation model based on topographic attributes (Huggel et al., 2003) has been applied to simulate mass
movement phenomena for selected basins using initiation sites listed in the regional database. In the model,
debris-flow propagation is given in probability-related values representing the hazard potential for the selected
locations. All the simulations have been carried out using a high-resolution (2.5m) LiDAR-derived Digital Terrain
Model (DTM).

The combination of a georeferenced database of landslides and debris flows and a simple topography-based
model constitutes therefore a reliable tool for a fast and preliminary debris-flow hazard estimate, assessment and
mapping.

References: Huggel C, Kaab A, Haeberli W, Krummenacher B. 2003. Regional-scale GIS-models for
assessment of hazards from glacier lake outbursts: Evaluation and application in the Swiss Alps. Natural
Hazards and Earth System Sciences 3(6):647—662.
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Multi temporal LIDAR-DTMs as a tool for modeling a complex landslide: a case study in the Small
Dolomites (Rotolon catchment - Italy)

BOSSI G.(1), CAVALLI M.(1), QUAN LUNA B.(2), FRIGERIO S.(1), MANTOVANI M.(1), MARCATO G.(1),
SCHENATO L.(1), PASUTO A.(1)

(1) CNR-IRPI, Research Institute for Geo-Hydrological Protection, Italian National Research Council, PADOVA,
ITALY ; (2) NGI, Norwegian Geotechnical Institute, ICG, International Centre for Geohazards, OSLO, NORWAY

The geomorphological change detection through the comparison of repeated topographic surveys is a recent
approach that greatly benefits from the latest developments in topographical data acquisition techniques. Among
them, airborne LIDAR makes the monitoring of geomorphological changes a more reliable and accurate
approach for natural hazard and risk management. In this study, the analysis of multi temporal LIDAR-DTMs
acquired just before and after a complex landslide event (4th November 2010) in the Rotolon catchment (Small
Dolomites, Italy), was used to set up the initial condition for the application of a dynamic model.

The 2010 event detached a mass of 320.000 m® from the south slope of Mt. Rotolon partially evolving in a debris
flow that stretched for 4.5 km threatening some villages. Pre- and post-event DTMs derived from LIDAR with 2 m
resolution were available. The comparison between the DTMs was carried out considering the error propagation.
The resulting differential DTM was analyzed in order to identify erosion and depositional areas related to the
event and to quantify them in terms of volume.

The knowledge of the dynamics of the phenomenon allowed to back-analyze the event with a dynamic numerical
3D model. DAN3D code was selected because it allows to modify the rheology and the parameters of the moving
mass during the run-out. This behaviour was observed along the path of the debris-flow where the mobilized
mass encountered rheological modifications due to the hydric contribution of tributary streams and the
entrainment of eroded material. Considering these aspects a sound simulation of the 2010 event was computed.
Nowadays some portions of Mt. Rotolon flank are still moving and showing precursor signs of detachment. The
same soil parameters used in the back-analysis model were used to simulate the run-out for three possible
landslides flows allowing to generate reliable risk scenarios that could be used for creating civil defense
emergency plans.
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Comprehensive Utilization of SAR and Optical Data for Landslides Investigation in the Bailongjiang
Basin, China

CHENG C., BAI S., WANG J., WEI Y.
Nanjing Normal University, NANJING, CHINA

The Zhouqu—-Wudu segment of the Bailongjiang Basin in Northwest of China with a total area of 8917 km? lies in
the transition zone among Tibet plateau, loess plateau and Sicuan Basin. It has already been strongly affected
by landslides for a long time, it is one of the most severely landslide affected regions in China. There are more
than 2000 large and medium-sized landslides which are greater than 3x10"m*® before the Wenchuan
earthquakein this regions, numerous additional slope failures were triggered by the 2008 Wenchuan earthquake.
This case study has two main objectives: (i) Landslides recognition and mapping using space-borne SAR and
Optical imagery; (ii) long term monitoring(from 1995 to 2012) of deformationbased on persistent-scatter (PSI)
techniques.The landslides recognition which using supervised classification, change detection and texture
analysis method. Interferometric synthetic aperture radar (INSAR) data from ERS and ENVISAT sensors were
utilized in the analysis of the deformations. Causing by temporal decorrelation the PS which located inside the
landslides is lacking sometimes, the adjacent landslides with sufficient number of PS were analyzed by
transformation of the line of sight displacements recorded by the sensors to the slope vector direction.This
procedure allowed identification of the precise boundaries of the actively moving landslide parts and the updating
of the landslide inventory in this region.
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Hydroelectric power generation, tropical river flood hazards and mitigation plan for better investment in
Uttaranchal, India

CHHABRA N.(1), ROY N.G.(2)
(1) University of Petroleum & Energy Studies, DEHRADUN, INDIA ; (2) Presidency University, KOLKATA, INDIA

The hydraulic performance of the Tons River demonstrates significant flood damage potential in agricultural,
industrial and residential areas adjacent the river in this region. Therefore, the design of flood control strategies is
one of the main focuses of hydroelectric power projects in this region. This article presents the results of flood
analysis in the Tons River catchment at several sites and impact flood control measures of the operational and
under-construction dams. We also present the evaluation of structural flood control plans downstream of dams
and floodplain areas. In this regard, inundation level and inundated area was calculated by using flood routing
model (dynamic) in different situations, without and with different flood mitigation alternatives. Flood damages
were determined versus inundation levels by using field survey results and from reports. Then, the expected
annual damage for each alternative scheme was calculated by elevation — damage function. Expected annual
damage reduction through proper flood control, which is the benefit of investment plan was also determined
through all alternatives (scenario analysis). Then, economic indices (NPV in our case) were calculated and
justification was evaluated by determining initial investment cost, operation and maintenance cost and also
annual benefit of damage reduction using data from existing project.

The results of this study is the integrated flood mitigation plan in the Tons rivers system which includes one
operational dam in Mohammadpur, one under-construction dam in Chibro and one development dam in Kalsi. All
selected alternatives were economically feasible and environmentally protected.

Keywords: river engineering, flood control, risk analysis, damage analysis, investment.
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How can fiber optic technology be used in early warning systems for natural hazards?

BOGAARD T., WENKERS K.

Delft University of Technology, faculty of Geosciences and Civil Engineering, Department of water management,
DELFT, NETHERLANDS

In order to reduce the societal risk associated with natural hazards novel technologies could help to advance in
early warning systems. In our study we evaluate the use of multi-sensor technologies as possible early-warning
systems for landslides and man-made structures, and the integration of the information in a simple Decision
Support System (DSS). In this project, particular attention will be paid to some new possibilities available in the
field of distributed monitoring systems of relevant parameters for landslide and man-made structures monitoring
(such as large dams and bridges), and among them the distributed monitoring of temperature, strain and
acoustic signals by FO cables.

Fiber Optic measurements are becoming more and more popular. Fiber optic cables have been developed in the
telecommunication business to send large amounts of information over large distances with the speed of light.
Because of the commercial application, production costs are relatively low. Using fiber optics for measurements
has several advantages. This novel technology is, for instance, immune to electromagnetic interference, appears
stable, very accurate, and has the potential to measure several independent physical properties in a distributed
manner.

The high resolution spatial and temporal distributed information on e.g. temperature or strain (or both) make fiber
optics an interesting measurement technique. Several applications have been developed in both engineering as
science and the possibilities seem numerous.

We will present a literature review that was done to assess the applicability and limitations of FO cable
technology. This review was focused but not limited to application in landslide research. Furthermore, field and
laboratory experiments will be discussed. Several examples of current practices will be shown, also from outside
the natural hazard practice and possible application will be discussed.
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Critical hydro-climatic thresholds for triggering slow-moving landslides along Normandy coasts (France)

LISSAK C.(1), MAQUAIRE O.(1), MALET J.P.(2)
(1) LETG-Caen Géophen, CAEN, FRANCE ; (2) Ecole et Observatoire des Sciences de la Terre [EOST], Institut
de Physique du Globe de Strasbourg [IPGS], STRASBOURG, FRANCE

In Normandy (North-West France), landslides occurring along the coasts are large, deep in marly, sandy and
chalky formations. All are characterized by a seasonal activity (1-10 cm.y-1) and regularly affected by brutal
accelerations inducing several meters slope displacements.

The first investigations after the reactivation of the landslide (January 1982) showed that the several
accelerations (January 1982, February 1988, January 1995 and march 2001) were closely related to hydro-
climatic conditions.

To improve upon knowledge on slope dynamic associated to rainfall and groundwater level fluctuations, the
combination of historical data and punctual or permanent field measurement were necessary. The monitoring
system has been implemented to observe the triggering factors (twenty-eight available piezometers whose five
with permanent sensors) and very low amplitude displacements through the implantation of three permanent
GPS receptors and twenty-three cemented benchmark. These investigations highlight the morphostructural
control of the landslide kinematic but also the seasonal variations of the landslide velocity. Finally, groundwater
level has been associated to the landslide kinematic to define critical thresholds towards an early warning system
to differentiate the permanent activity of the landslide from precursors of major accelerations. Investigations were
first conducted on the plateau, a few kilometers from the site, to define early warning piezometric thresholds.

Two main situations were identified: (1) a long-lasting rainfall episodes (several month) with groundwater water
elevation of more than 2 meters causing major accelerations (return period of over 5/10 years); and (2) a
moderate-intensity rainfall period with a limited groundwater rise responsible for a moderate seasonal kinematic
(return period of about every years) with a lag time between groundwater rise and slope acceleration about 1 and
4 days.
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Oral presentations:

Sedimentary Processes in Large Source-to-Sink Systems Forced by ENSO

AALTO R.
University of Exeter, EXETER, UNITED KINGDOM

Sedimentation patterns and processes are summarized within three large rivers that border the tropical Pacific
region responsible for the El Nifio/Southern Oscillation (ENSO), a global phenomenon affected by future climate
change. The research investigates the supply, transport & deposition of sediment, employing field documentation
of accumulation processes, surveys, and inundation mapping.

The rivers are: 1) The Beni-Mamore system in the Bolivia that supplies the majority of sediment and water to the
Madeira River, in turn the largest contributor of the ~1 Gt Mt yr'lof sediment discharged by the Amazon; 2) The
Fly River in Papua New Guinea (PNG) that comprises the largest river basin in Oceania, ranking among the top
25 rivers in the world for water and sediment discharge, at 1.9x10°m®r*and 85 Mt yr?, respectively; & 3) The
Mekong River, investigated in Cambodia, that also exhibits a runoff-ENSO relationship and supplies sediment to
maintain the delta. Because the tectonically active, tropical watersheds of Oceania account for half of the global
sediment flux to the ocean, the impact of climate oscillations on sedimentary processes is of particular interest.

In both PNG and Bolivia the majority of the sediment is delivered from mountain headwaters during ENSO
oscillations, with sediment accumulation across the lowland floodplains primarily during infrequent, episodic
events — not during regular seasonal inundations. These rapid transfers of sediment mass from the active
orogeny to the lowland depocenters occur primarily during cold-phase ENSO events immediately following strong
warm-phase ENSO conditions that have dried out the floodplains. The impact of ENSO on the accretion of
Cambodian floodplains is somewhat less dramatic. Over timescales of centuries to millennia, ENSO may
therefore modulate the rates and mechanisms for construction of lowland river floodplains, creation of geological
strata, and ultimately the export of material to deltas.
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Climate change and large tropical rivers

GUPTA A.(1), LIEW S.C.(2)
(1) University of Wollongong, WOLLONGONG, AUSTRALIA ; (2) National University of Singapore, SINGAPORE,
SINGAPORE

Large tropical rivers tend to have a common set of properties: a polyzonal basin, longitudinal variations in
channel and valley characteristics, a seasonal pattern of discharge, episodic sediment transport, almost the
entire sediment derived from the headwaters, large deltas. The Fourth Assessment report of the
Intergovernmental Panel on Climate Change lists certain consequences of climate change that should impact
these rivers. These include retreat of mountain glaciers, early melting of snow and ice, changes in annual rainfall,
enhanced seasonality, regional increase in droughts, increase in the strength of large storms, high rainfall from
extreme events, and sea-level rise. It is possible to evaluate the robust changes in stream morphology and
behaviour using principles of fluvial geomorphology and past analogues. Although we limit this discussion to the
large tropical rivers, generalisations are difficult beyond a point and individual rivers may adjust individually.
Anthropogenic activities have modified almost all rivers, and in certain cases, the noise from anthropogenic
alterations may override signals of climate change. In spite of these constraints it may be possible to construct a
new set of rules for understanding, utilizing and managing rivers. Such attempts are worthwhile as, following
climate change, rivers are likely to lose stationarity and also undergo drastic changes, such as avulsion in certain
parts of their basins such as mountain-front fans and lower valleys and deltas. As a very large population live in
these areas, it is imperative to design a new style of management and adaptive behaviour in order to live near
large tropical rivers.
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Interactions between global warming, flooding and fluvial form adjustment on the Lena River, Central
Siberia

GAUTIER E.(1), FEDOROV A.(2), COSTARD F.(3), KONSTANTINOV P.(2), BRUNSTEIN D.(4)

(1) Paris 8 University - CNRS Lab. Geographie Physique, MEUDON, FRANCE ; (2) Russian Academy of
Sciences - Permfrost Institute, YAKUTSK, RUSSIAN FEDERATION ; (3) CNRS UMR 8148 Ides, ORSAY,
FRANCE ; (4) CNRS UMR 8591 LGP, MEUDON, FRANCE

The study examines impacts of the current climatic change on a large periglacial hydrosystem, at different spatial
and temporal scales. The fluvial dynamics of the Lena River is controlled by a periglacial environment,
characterized by a very cold and dry climate and by a deep permafrost. For these reasons, the hydrology of the
Lena is characterized by an irregular fluvial regime and a spectacular flood. During the flood, thermal and fluvial
erosion jointly cause important retreat of frozen banks, mainly on island heads. In Yakutia, previous studies
clearly show significant signs of a climatic change since the end of the 1980’s: increase of temperatures, up to
5°C during winter for the air, up to 1°C for the permafrost, and up to 2°C for the stream water during summer.

A first part analyses historical hydrologic data (daily discharge since the 1930’s) to detect a possible change of
hydrology. We examine flood peaks, flood duration and date of beginning of the outburst. Because of the strong
impact of rapid outburst, we also try to detect precisely rapid water elevation to identify exceptional events.
Second, we present the results of field surveys conducted during five years on different sites, in order to
determine interactions between flood intensity and duration, water temperature, ice-jam, alluvial vegetation and
erosion / deposition processes. The equipped sites were chosen in the upper part of the active floodplain, where
there is no direct anthropogenic influence: i) data loggers are installed at different depths in the permafrost; ii)
annual topographic surveys associated with sediment trapping system precisely inform on erosion and
deposition; iii) captors inform on the height of the water level during flooding. All these data are correlated with
water discharge and water temperature at Tabaga gauging site. The study highlights the contrasted effects of a
rapid and intense outburst and of a long duration of flooding.

This study is supported by ANR Climaflu.
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Recent changes in the morphology of river channels in the Mekong delta: natural or anthropogenic?

BRUNIER G.(1), ANTHONY E.J.(2), PROVANSAL M.(1), DUSSOUILLEZ P.(1), GOICHOT M.(3)

(1) Aix-Marseille Univ., CEREGE UMR CNRS 7330, AIX-EN-PROVENCE, FRANCE ; (2) Aix-Marseille Univ.,
CEREGE UMR CNRS 7330, Institut Universitaire de France, AIX-EN-PROVENCE, FRANCE ; (3) Sustainable
Hydropower and River Basin Management, WWF Greater Mekong Programme, VENTIANE, LAOS

The world's river deltas are threatened by hydroelectric dam constructions, embankments, channelling off low,
and aggregate extraction. The Mekong delta, in Vietnam, is the world's third largest delta. Changes in the
morphology of the Mekong proper and the Bassac, the two main distributaries in the 250 km-long deltaic reach
from the Cambodian border to the coast, were analysed using maps and Landsat® and SPOT® satellite images
from 1965 to 2008/2009. The results show a significant increase in the mobility of the riverbanks since the early
1990s, with important accretion. The geometry and morphology of the two channels, analysed from bathymetric
data for 1998 and 2008, display important irregular bed incision, with expansion and deepening of numerous
pools. These changes probably explain the more rapid bank mobility. The mean depth of both channels
increased by more than 1.5 m between 1995 and 2008. Mean longitudinal bed incision rates in the Mekong are
similar to those in the Bassac even though the former conveys more than 15 times the liquid discharge of the
latter.Correlations between bed incision and hydraulic parameters are extremely weak, suggesting that the
marked morphological changes are not in equilibrium with flow and sediment entrainment conditions, and are
therefore not related to changes in river hydrology. We assume that aggregate extraction, currently practised on
a very large scale in the two channels, is the main driver of these recent morphological changes. Future large-
scale hydropower dam development on the Lower Mekong mainstream will have cumulative effects, leading to
increased morphological changes that should be felt rapidly as the system is already impacted. These changes
are already affecting the Mekong delta shoreline, which currently shows significant erosion, following extremely
rapid progradation over the last 3000 years, a pattern of recent destabilization not unlike that of other Asian
megadeltas.
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Regional scale analysis of natural vs. anthropogenic controls on sediment fluxes

BALTHAZAR V., VANACKER V.
Universite catholique de Louvain (UCL), LOUVAIN-LA-NEUVE, BELGIUM

Spatial variability in sediment yield (SY) and its controlling factors are often analyzed on the basis of local or
global sediment flux data but are rarely based on a regional dataset. As the biophysical and anthropogenic
determinants of soil erosion largely depend on the spatial scale under study, extrapolations of plot-scale erosion
analyses often lead to inadequate conclusions. A regional assessment of the spatial variability in SY allows filling
the gap between detailed, process-based understanding of erosion at field scale and empirical sediment flux
models at global scale.

In this study, remote sensing data are used as proxies of biophysical and anthropogenic site characteristics. The
Blue Nile and Atbara River basins were selected for this analysis, as they are characterised by a large spatial
variability in SY. First, correlation analyses are used to identify the environmental factors that are controlling
spatial variability in SY at the regional scale (10l to 10* kmz). Regression techniques were then used to develop
an empirical SY model that predicts erosion as a function of site characteristics. Second, the outcome of this
empirical, site-specific model is compared to the prediction of the global sediment flux model, BQART (Syvitski
and Milliman, 2007), and a new modified version of the BQART that takes into account the human impact on
sediment production. The modified version of the BQARTmodel estimates the human influence on SY based on
a high resolution composite measure of local human impact instead of countrywide estimates of GNP/capita. The
comparison shows that the global predictive sediment flux model is less suited to capture the spatial variability in
area-specific sediment yields (SSY), but is very efficient to predict absolute sediment yields (SY). Our modified
version of the BQART is able to explain 80% of observed variation in SY for the Blue Nile and Atbara basins and
performs only slightly less than locally adapted regression models.
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Quantification and Modeling of Runoff and Suspended Sediment Transfer Paths in Instrumented
Mesoscale Catchments in Spain and Brazil

BRONSTERT A.(1), ARAUJO J.(2), BATALLA R.(3), GUNTNER A.(4), FORSTER S.(4), FRANCKE T.(1),
MULLER E.(1), BROSINSKY A.(1), DELGADO J.(1), LOPEZ-TARAZON J.(3), SOMMERER E.(4), VERICAT
D.(3), WERB S.(1)

(1) University of Potsdam, POTSDAM-GOLM, GERMANY ; (2) Universidade Federal do Ceara, FORTALEZA,
BRAZIL ; (3) University of Lleida, LLEIDA, SPAIN ; (4) GFZ German Research Centre for Geosciences,
POTSDAM, GERMANY

This work addresses the relation of transfer, storage and re-entrainment processes that determine the
distribution of water and sediments among different landscape components. Selected insights into the ongoing
research project "Generation, transport and retention of water and suspended sediments in large dryland
catchments: Monitoring and integrated modeling of fluxes and connectivity phenomena" (SESAM) are presented.
These encompass the quantification and modeling of runoff and suspended sediment transfer paths in dryland
regions and of the connectivity processes in instrumented meso-scale catchments in Spain and Brazil.

The main methods applied in the project are (1) water and sediment tracing based on both spectral fingerprinting
and Radio Frequency ldentification (RFID) (2) field monitoring of water level, turbidity, precipitation and of
changes in hillslope, river bed and nested catchment topography (3) modeling of runoff and suspended sediment
transfer paths with WASA-SED (a spatially semi-distributed model for water and sediment transport), including
sediment retention in reservoirs and small dams and bed-load transport. To the present day, the comprehensive
measurements from plot to meso-scale by field works and remote sensing campaigns has been achieved. The
measurements include flight campaigns with hyperspectral and laser sensors onboard, repetitive terrestrial laser
volume-scans, as well as several hydrological observations.

The findings of this project are used to extend the WASA-SED model to account for the process understanding of
connectivity at the intersections of hillslopes, rivers and reservoirs. Large-scale pilot parameterisations for parts
of the Esera Basin in Spain and the Upper Jaguaribe in Brazil will be conducted. The expected results will
improve the knowledge and modelling capability of water and sediment fluxes and their connectivity mechanisms
in drylands at spatial scales relevant for water and land management.
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Understanding recent change in river-floodplain connectivity in the Baviaans catchment, Eastern Cape:
implications for floodplain restoration

JOUBERT R., ROWNTREE K., ELLERY W.
Rhodes University, GRAHAMSTOWN, SOUTH AFRICA

The concept of landscape connectivity broadly refers to the degree of hydrological and sedimentary linkage
between different landscape compartments (e.g. hillslope-channel and channel-floodplain linkages); in river
catchments, connectivity determines the ease with which sediment is transferred through a catchment and the
response (erosion or deposition) of rivers to disturbances (Brierley et al., 2006). Recent (last 30 - 40 years)
channel incision along a reach of the Baviaans River, in the Eastern Cape of South Africa, has resulted in dis-
connectivity between the river and adjacent floodplain through reduced over-bank flooding together with effective
channelling of water and sediments away from the main floodplain during flood events. This has resulted in
floodplain wetland desiccation and decreased capacity of the river to attenuate flood flows and provide water to
local and downstream communities. In this study we investigate the role of human and natural disturbances in
driving recent channel incision and floodplain degradation in the Baviaans catchment, and the role of connectivity
in determining river response. Preliminary findings suggest that changes in catchment land-use (and associated
land cover), human engineering of the main river and tributary streams, and changing rainfall regimes have been
important in promoting recent channel incision. We also suggest that the response of the river (through channel
incision) to these disturbances has been determined by the nature and degree of connectivity between the main
river and large tributary streams along the degraded floodplain reach. These findings have been important for
appraising planned floodplain restoration strategies for the Baviaans catchment.

References: Brierley, G., Fryirs, K. & Jain, V. (2006) Landscape connectivity: the geographic basis of
geomorphic applications. Area, 38(2): 165-174.
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The Hydrology of the Yangtze (Changjiang) River, China

FINLAYSON B.(1), CHEN J.(2), WU X.(2), WEI T.(2), LI M.(2), CHEN Z.(2), WEBBER M.(1)

(1) The University of Melbourne, ASCOT VALE, AUSTRALIA ; (2) East China Normal University, SHANGHAI,
CHINA

The Yangtzeflows from the Tibetan Plateauto theEast China Sea (6300 km); total drainage area 1.808 10°%km? .
Here we describe the main hydrological characteristics of the Yangtze (precipitation, runoff, variability,
seasonality, floods, low flows) both for the whole catchment and the upper, middle and lower sections, since
1955. Briefly, the Yangtze has mean annual precipitation (runoff) of 1037(517) mm, both with a marked summer
dominance. Interannual variability of precipitation (runoff), as measured by the coefficient of variation, is low by
world standards at 0.066 (0.126). The variability of floods is similarly low: flash flood index 0.18.

The upper catchment has the most marked summer precipitation dominance. It is both the driest and least
variable section and with no statistically significant trends in either precipitation or runoff. Both precipitation and
runoff increase downstream through the middle and lower basins, variability increases, as does winter
precipitation. There is a statistically significant increase in runoff in the middle basin and both runoff and
precipitation in the lower basin after 1987. Meanwhile, the runoff ratio shows an obvious increasing trend in the
mid-lower basin, possibly caused by changes in the nature of the catchment surface due to rapid urbanization
and dam construction. In all cases the magnitude of the trend is small.

The Yangtze has a long (~8,000 yr) history of human occupation and human impacts have increased
dramatically since the economic reforms began in China in the late 1970s. The changes since 1980 that would
be expected to have a significant hydrological impact include population growth, agricultural intensification,
increasing urbanisation, dam construction and industrial development. We find little direct evidence in the
hydrology of the Yangtze that reflects these changes. Similarly there is no clear evidence of impacts that could
be related to climate change.
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Post-dam assessment for change in riverbed and delta-coast morphology following impoundment of
Three Gorges Dam of the Yangtze (Changjiang) River

CHEN Z., YUAN W.H.
East China Normal University, SHANGHAI, CHINA

The impacts of a dam on the river downstream in terms of hydrology and morphology is determined by a
complex mix of variables that include the patterns of release of water through the dam and the characteristics of
the downstream channel. Scour of the downstream channel is a common response since large dams cause a
significant interruption to sediment continuity. Here we show that in the case of China’s Three Gorges Dam on
the Yangtze River the outcome is more complicated than in other cases. The downstream channel and floodplain
system is an area of long-term sediment accumulation and unstable channels with seasonally contrasting erosion
and deposition patterns related to the migrated seasonal monsoon rainfallzones. It is also the case that in
achieving one of the main purposes of this dam, that of flood control in the middle and lower basins, the pattern
of flows released from the dam will closely resemble those seasonal flows that are responsible for channel
instability in the middle catchment thus effectively making erosive conditions the most common during a year.
There is obviously concern about the ultimate impact of sediment storage in the dam on the dynamics of the
deltaand adjacent coast and we show that this depends on the trajectory and duration of the erosive responses
in the middle Yangtze basin. In this particular case, the outcome is of great significance to the well being of the
densely populated riparian to delta-coastal areas of the river catchment.
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Model of reservoir regulations and their impacts on river fragmentation in the Yangtze River Basin, China

YANG X.K., LU X.X.
National University of Singapore, SINGAPORE, SINGAPORE

The waterregime of the Yangtze River (Changjiang) has been altered by intensified reservoir constructionover
the past decadesbecausemore than 42,000 reservoirs have been built in the Yangtze River basin over the past
five decades.In recent years, the Yangtze River is being dammed at a dazzling pace; there are even more than
10 cascade dams built on some major tributaries. Under this condition, Modeling to quantify the degree to which
the river and landscape are fragmented by dams is crucial to identify environmental risks associated with further
impacts on large river systems. In this study ,we used three metrics to assess the impacts caused by dam
construction. (1) River free-flowing rate is defined as the ratio of the length of sections that remain “free flowing”
to the total length of the river; (2) catchment connectedness provides insights into how different smaller
catchment classes are distributed across a large river basin and how they relate to each other in terms of spatial
configuration; and (3) stream division, presenting the cumulative segment length distribution, indicates the
degree to which the tributary is divided. This study reveals that free-flowing streams are vanishing on the
mainstem and major tributaries, such as the Jinshajiang, Wujiang, Dadu, Yuanjiang and Jialingjiang rivers
because of dam construction. The most severely impacted tributaries are Wujiang, Yuanjian and mainstem.
However, the situation could be worsen as additional large hydropower projects are completed in this basin.
Through river fragmentation assessment we can be proactive in reservoir management decisions rather than
reactive. This will make it easier to develop the Yangtze basin with a much lower environmental footprint.
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Geochemical compositions of the late Cenozoic sediments in the Jianghan Basin: Implications for
sediment source and evolution of the Yangtze River

SHAO L.(1), LI C.(2), YUAN S.(3)

(1) Wuhan Center, China Geological Survey; China University of Geosciences, WUHAN, CHINA ; (2) China
University of Geosciences, WUHAN, CHINA ; (3) China University of Geosciences; College of urban planning &
environment science, Xuchang University, WUHAN, CHINA

The Yangtze River is one of the most important components of the East Asia river system. Understanding the
evolution of these large rivers is important to understanding the process of orogeny. The uplift of the mountains
and plateaus where these large rivers originate are proposed to profoundly affect the global climate system.
Consequently the reconstructions of these rivers are important to understand the global change and its regional
response.

Although study of the evolution of the Yangtze River has a long history of more than 100 years, it is still
controversial. In this study we applied bulk geochemical analysis to identify the sediment provenance in the
Jianghan Basin, middle Yangtze River and tried to reconstruct the evolution of the Yangtze River. The samples
were selected from a continuous borehole in the Jianghan Basin and analyzed for geochemical compositions.
The eng(0) values vary between -11.6 and -7.8, with an average of -9.6. Nd isotopic compositions cannot provide
compelling evidence to prove whether the Pliocene sediments in the Jianghan Basin were influenced by the
source rocks in the Jinshajiang area characterized by extremely high eng(0) values. While these source rocks
made a great contribution to the Jianghan Basin during the Quaternary. Less negative eng(0) values reflect
preferential erosion of source rocks in the Jinshajiang drainage. It reflected changes in erosion patterns during
the Quaternary. The trace element compositions also revealed this important provenance change of the
Jianghan Basin sediments around the beginning of the Quaternary from more felsic provenances to more basic
provenances. Input from the Emeishan LIP should account for this provenance change. Based on these
geochemical data, we propose that the Yangtze River appears to develop into a large river similar as the modern
Yangtze no later than the beginning of the Quaternary.
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Declining Sediment Yields in the Upper Yangtze: Dams, Degradation Control or Delivery?

HIGGITT D.(1), ZHANG X.B.(2), HE X.B.(2)

(1) National University of Singapore, SINGAPORE, SINGAPORE ; (2) Institute of Mountain Hazards and
Environment, Chinese Academy of Sciences, CHENGDU, CHINA

The global flux of sediment from continents to oceans has declined in recent decades as a result of major dam
construction on some of the world’s largest rivers. In China, for example, there has been a rapid and continuing
expansion of hydro-electric power schemes which have drastically altered the hydrological regime. However,
examination of time series of discharge and sediment yield suggest that in some areas the decline in sediment
load measured at hydrographic stations is greater than can be attributed to sediment trapping by dams alone.
Usually this additional reduction in sediment load has been attributed to the success of soil conservation
measures. A case in point is the Jinsha River, the name given to the main branch of the Yangtze upstream of
Yibin, Sichuan Province. The catchment area of the Jinsha at the gauging station near Yibin is about 450,000
km2. Following construction of the Ertan Dam on the Yalong River, a major tributary of the Jinsha, in 1998, the
sediment load in the Jinsah has reduced dramatically. However, the reduction is far greater than the amount
trapped by the Ertan Dam. A geomorphological survey of the river is investigating the likely causes of reduced
sediment load. In addition to the impact of the dam and local conservation works, it is probable that a reduction in
transport capacity during the monsoon period has influenced sediment delivery dynamics.
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Geomorphologic process of the first bend of the Yangtze River

YANG D.
School of Geographic & Oceanographic Sciences, Nanjing University, NANJING, CHINA

The Yangtze River (YR) suddenly changes its flow direction from SE to NE near Shigu at 2136km away from its
source, forming a sharp turn with 280 degree named as “the first bending of the world".

Based on many field investigations during recent 18 years, it has been found that the fluvial landforms have a
great change in the areas from Benzilan (around 17km long) to Fulong Bridge (45km), and then to Tuoding
(15km), to Qizong (60km), and finally to Shigu (73km) reaching to the TLG. From Benzilan to Fulong Bridge, it is
the wide valley with four rock-seated and one accumulational terrace. However, from Fulong bridge to Tuoding,
the valley becomes sharp V-shape without any terrace and continued valley shoulder distributed, which should
be the capturing river part. From Tuoding to Qizong, a distinct gorge presents with three terraces and 10-25m
thick fluvial gravel deposits distribute. From Qizong to TLG, it is a strange drowned valley. The relict of the third
and second terraces occasionally present along the two banks, and relatively large alluvial fans distribute in the
mouth of many small tributaries overlying the floodplain of YR. Furthermore, 70m thick deposits accumulate at
the valley bottom, covered by huge rocks sometimes. Several kilometer long river channel near Shigu flows
along conjugate fractures with X shape.

According to these morphological characters, it could be concluded that the YR channel between Qizong and
Shigu is an ancient tributary, named Shigu River. Its channel is controlled by the conjugate X shape fractures.
This River incised deeply headward and captured the ancient YR to become the main channel of the new ancient
YR during about 50-60 thousand years ago. The glacial developed and incised deeply in the valley after the
formation of the second rock-seated terrace. Subsequently, large scale mass movements (e.g. landslides)
happened and blocked the river, resulting of drowned characters in this reach.
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Characteristics and self-adjusting behavior of anabranching channel patterns along the middle and lower
reaches of the Yangtze River

YU G.A.(1), HUANG H.Q.(1), LIU X.F.(1), NANSON G.(2), FAN B.L.(3), LIU T.H.(3)

(1) Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, BEIJING,
CHINA ; (2) Uiversity of Wollongong, NEW SOUTH WALES, AUSTRALIA ; (3) Changjiang River Scientific
Research Institute, WUHAN, CHINA

Over a length of 1893 km along the middle and lower reaches of the Yangtze River numerous islands higher than
bankfull exhibit in the middle of the river. In the upper part of the reaches there is normally one large island
appearing in the river, while in the lower part the number of islands reaches up to 7. The planforms of these
islands differ from one to another and the main channel and sub-channels alternate periodically. Previous studies
on the behavior of these multi-channel river systems have been dominated with emprical analyses and there has
been no consesus of opinions on how these river systems operate by themselves.

Under the encouragement of the success of the variational approach developed by Huang and Nanson (2000,
2002) for understanding the self-adjusting mechanism of straight alluvial channels, this study examines the
applicability of the approach in multi-channel river systems. For the purpose a detailed investigation of the
morphlogical forms of the islands exhibiting in the Yangtze River is made and several generalized types suitable
for performing mathematical analysis are obtained. For a two-channel river system with the island in the middle
of the river taking a triangular planform, a detailed mathematical anlysis shows that the width and length of the
island are determined by the proportion of water and sediment in two channels when the whole river system
achieves equlibrium. Finally a comparison between the theoretical results and field observations is made and the
cause for the resulted degree of consistency examined in detail.
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Impacts of meander landforms evolution on hydrological fonctionning of a floodplain: the Loire Meander
at Guilly (Central France)

RAMOND S.(1), ROBERT V.(2), GAUTIER E.(1), DEPRET T.(3), MARLIN C.(4), DURAND V.(4), MONVOISIN
G.(4), NORET A.(4), MASSAULT M.(4)

(1) University of Paris 8 Vincennes - Saint-Denis, CNRS, UMR 8591, Laboratory of physical geography,
MEUDON, FRANCE ; (2) CNRS, UMR 8591, Laboratory of physical geography, MEUDON, FRANCE ; (3)
University of Paris 1 Pantheon-Sorbonne, CNRS, UMR 8591, Laboratory of physical geography, MEUDON,
FRANCE ; (4) University of Paris-Sud 11, CNRS, UMR IDES, ORSAY, FRANCE

The presentation focuses on a protected zone (meander of Guilly, 4.27 km?)) along the Loire River where several
actions of wetland preservation have been conducted. Most studies about the Guilly meander have concerned its
geomorphologic evolutions. This meander is a part of a particular anthropogenic system which has been
impacted by changes of land uses around in the areas close to the Loire River. More precisely, we relate these
previous geomorphologic studies with the hydrological functioning of the alluvial plain, in order to demonstrate
how and the morphological heritages may influence the present hydrology of the meander.

In the meander and in the alluvial plain, pressure sensors have been installed in several wells in the unconfined
aquifers (time interval of %2 hour). The potentiometric data reflect the propagation of the hydrological signal from
the Loire River towards the alluvial aquifer. In addition, water has been sampled monthly for both chemical and
isotopic (**0, 2H) analyses.

The comparison between the chemical and isotopic compositions of the groundwater from the shallow alluvial
aquifer in the meander with that of the regional aquifer (Beauce formation), the rainfall and the Loire River allow
to assess the contribution of each end-members. Furthermore, the water exchanges between the different water-
bodies in the meander display an important temporal variability and an unequal response time. We observe
important variations of water-table elevation according to the discharge of the Loire River; rapid supplies from the
river towards the alluvial aquifer exist especially during flood periods.

These supplies show significant spatial variations characterized not only by the distance to the river, but also by
morphological and sedimentary heritages. Amongst all the wells, the hydrogeological responseof those located
near or into a paleo-channel differsfrom the other ones.

*kkkkkkkkhk

Predicting life span of restored secondary channels and backwaters (Rhone river, France)

RIQUIER J., PIEGAY H.
Université de Lyon, CNRS-UMR5600 Environnement-Ville-Société, LYON, FRANCE

During the last two centuries, human actions have deeply affected the physical and ecological integrity of the
Rhone river-floodplain system. A large restoration project aiming to enhance aquatic habitat conditions within the
Rhoéne corridor started in 1998. Twenty-five floodplain channels were dredged, either locally or over their entire
lengths with or without upstream and/or downstream alluvial plug removal. The guiding principles were to
optimize the ecological functioning and to maximise the diversity of habitat conditions within and between
floodplain channels at the reach scale. One of the key questions of such actions was their sustainability. As
stated by several researchers, acting on forms rather than on processes may be a short term strategy. From
cutoff to final terrestrial stage, floodplain channels experienced various life spans ranging from a few decades to
several centuries. The evolution of the water depth in cutoff channels is mainly controlled by overflow
sedimentation rates related to suspended sediment concentrations and main channel geometry (i.e. bed
degradation/aggradation, channel shifting, entrance geometry linking cutoff and main channel). However this
topic has been barely explored in river restoration ecology. Understanding the temporal evolution of
sedimentation rates and being able to predict life span of such restored channels are challenging issues in order
to propose appropriate and suitable restorations. We used biennial bathymetric and sediment thickness surveys,
repeated every two years for a decade, to characterize the temporal evolution of longitudinal sedimentation
pattern in eighteen restored floodplain channels (5 secondary channels and 15 backwaters). We established
statistical relationships allowing to predict life span of floodplain channels related to a set of geomorphic controls.
The restoration procedures are then discussed with regard to the processesaffecting the long term sustainability
of these environments.
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Severe monsoon floods and floodplain development in the lower reach of the Stung Sen River, Lower
Mekong Basin

NAGUMO N.(1), SUGAI T.(1), KUBO S.(2)

(1) Graduate School of Frontier Sciences, The University of Tokyo, CHIBA, JAPAN ; (2) Department of
Geography, Waseda University, TOKYO, JAPAN

The Stung Sen River, the biggest influent tributary of the Lake Tonle Sap in Cambodia, is characterized by
seasonal changes of water level and discharge under the Asian monsoon climate. Floodplain in the lower reach
consists of two major geomorphic elements of back marsh and meander belt displaying a complicated pattern of
abandoned channels and meander scrolls. During the decennial-scale severe floods in 2011, along with meander
belt, back marsh was considerably submerged by surging in-channel floodwater overflow with heavy rainfall, and
dense suspension was widely provided. This is consistent with the constant accumulation rate of back marsh
during the Holocene reconstructed by AMS-*c dating of the back marsh sediments. However, during the usual
monsoon season, monsoon floodwater rarely widely overflows and the accumulation of back marsh seems not to
have been prominent. This suggests that the formation of back marsh is mainly promoted by the decennial-scale
severe floods rather than annual floods. The accumulation processes of the Stung Sen River floodplain is
probably controlled by the high-magnitude and less-frequent floods in comparison with those of humid temperate
climate zone.
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Morphodynamics and stability of the amur riverbed

KIM V., MAKHINOV A.
Institute of Water and Ecology Problems FEB RUS, KHABAROVSK, RUSSIAN FEDERATION

In the Amur lower reaches its riverbed undergoes extensive transformations. The river divides into numerous
large and small sub-channels of different shape and size, thus forming an exceptionally complicated
hydrographic system. Large sub-channels compose a time-stable river net carcass of a branching delta type.
These sub-channels also divide and merge with dozens of small permanent or temporary streams. Most of them
freely meander, but their curves are not sharp.

All along its lower reaches (from the Songhua mouth) the Amur shows the positive balance of discharged
suspended solids, which determine most specifics of developing riverbed processes. The intensive accumulation
of alluvial deposits in the riverbed and floodplain causes an extremely complicated river branching, a relatively
not high floodplain and a very intensive horizontal deformations of main and secondary river channels.

River ice also plays a significant role in the transformation of the Amur banks, as it causes their mechanical
destruction and the accumulation of ice-brought sediments in the riverbed and its floodplain.

In the recent 50-60 years human activities in the Amur Basin have noticeably affected the intensity of riverbed
transformations and the amount of discharged suspended solids. Most significant Amur riverbed transformations
take place in areas of intense anthropogenic impacts, in particular near population centers, hydropower facilities,
dredging operations.
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River bank erosion, shifting of off-take point: a case study of river Bhagirathi, West Bengal, India

BHATTACHARJEE S.
Jogesh Chandra Chaudhuri College, KOLKATA, INDIA

River Ganges enters Maldah district of West Bengal after touching the outlier of Rajmahal Hills and swings
across the deltaic plain. According to Rennell(16th century).Bhagirathi was connected with Ganga near Suti,
Murshidabad district, West Bengal.

During 1801, Bhagirathi was connected in two places- Mohangung near Farakka and Suti (Colebrook, 1801).
After that, Mohangung village was destroyed due to bank erosion of Ganges. During 1825 River Ganges
captured some portion of Bhagirathi due to shifting of its course and a new off-take point was created in Chokha,
12 km away from the previous in south western direction.

In the year 1847 an artificial mouth was made in eastward direction, 3 km away from Suti. After a massive flood
erosion and westward shifting of Ganges river course, a new off-take point was born in 1852. In 1871 further a
new off-take point was found in Chaurashiya.

From the map of 1925 (Survey of India), it was found that river Bhagirathi was connected with Ganges in three
different places, i.e. Nayansukh, Suti and Giria. From the present satellite images, it is found that the off-take of
river Bhagirathi is connected with river Ganges near khejurgram of Mithipur, Murshidabad. During 1975-80 Giria
was engulfed by Ganges due to severe soil erosion. In between 1974-1985, river Ganga eroded its right bank
and shifted in westward direction. Due to severe bank erosion, many villages have been engulfed in the river
Ganges. The present paper deals with the spatio- temporal shifting of the off-take point of River Bhagirathi, rate
of its bank erosion and related consequences. The entire work is based on the field survey with modern
techniques, GIS and RS.

k*kkkkkkkkhk

Morphological changes of the Lower Siret River from 1891 to 2010: the decisive impact of engineering
works and water management strategy

SALIT F.(1), ARNAUD-FASSETTA G.(1), ZAHARIA L.(2), MADELIN M.(1), BELTRANDO G.(1)
(1) Universite Paris Diderot, PARIS, FRANCE ; (2) Faculty of Geography, BUCHAREST, ROMANIA

This study provides an example of a river affected by water management strategy during the twentieth century
and how the political-historical context had as much consequences as the hydrological events on spatial and
temporal dynamics of the river. The work focuses on the Lower Siret River (100 km length) located east of the
Carpathians. The Siret River is one of the last tributaries of the Danube River with a mean annual flow of 210
m¥s at the Lungoci station, situated 105 km upstream of the Danube confluence. Historic changes (1891-2010)
in both channel planform and hydraulic dynamics of the Lower Siret River, especially in relation to river
engineering measures (regularisation, channelisation, dams) from the 70’s, were quantified. By using a GIS
analysis, channel geometry was digitised between 1891 and 2010 and some semi-quantitative variables (active-
channel width, sinuosity index and braided index) were calculated. Dykes and groynes network erected in order
to protect arable land by regularising the channel and to decrease the harmful effects of the water in the 70’s, led
to river channelisation, with the narrowing of the channel planform of 46% on average in 60 years, and increased
the impact of the floods in the floodplain as it the case during the historic flood event of July 2005. It is necessary
to quantify and spatialyse the channel changes imposed by the water management strategy during the
Communist period to succeed the implementation of the EU Flood Directive.
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Short-term channel adjustments in an anthropized stretch of the Calore River (Southern ltaly)

VALENTE A., MAGLIULO P.
University of Sannio, BENEVENTO, ITALY

The results of a study aimed at identifying and quantifying the geomorphological changes experienced by a
strongly anthropized stretch of the Calore River (Southern Italy) between 1955 and 1998 are shown. This stretch
is characterized by the presence of the town of Benevento and a high frequency of alluvial sediments extraction
sites. The study was carried out by processing in GIS environment data derived from interpretation of
orthophotos and maps, and from detailed field surveys. In Benevento, a large number of human infrastructures
that, according to the existing literature, influence river dynamics, such as bridges and walls, are present.
Moreover, in this stretch, all the extraction sites are currently active and sediments are withdrawn directly from
the riverbed. The withdrawals started almost everywhere between 1955 and 1977.

The data showed that, in 1955, the morphology of the river was of transitional type. During the examined period,
the Calore River underwent a narrowing of ~75%. Field evidence such as exhumation of bridges and walls
foundations and terracing of the floodplain that was active in 1955 revealed a lowering of the riverbed, probably
still ongoing. The amount of the lowering, not precisely quantifiable, could be of ~3-4 metres. It was also found a
drastic reduction in the fluvial bars area, while their number increased significantly, except for point bars. Due to
these adjustments, the river morphology changed from transitional to single-tread with alternate bars. This result
is in agreement with literature data about most of the Italian rivers. Probably, the causes of the observed
adjustments are connected to the drastic reduction of the liquid discharge, due to the Calore River spring
exploitation since late 50’s, and of the bedload transport induced by sediments extraction and, finally, to the
effects of bridges and walls. However, our data do not allow excluding an active role played by climate and/or
land use change at the basin scale.
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Present changing in river system of the upper Po River Plain (Italy)

MARAGA F.(1), BELLARDONE G.(2), TURCONI L.(1)

(1) National Research Council (Cnr), Dept. of Earth and Environment, Insitute for geo-hydrological protection
(IRPI), branch of Turin, TURIN, ITALY ; (2) Regione Piemonte, TURIN, ITALY

It refers to the Po river changes in the upper Po plain, north western Italy. The changes implicate the river
channel bed deepening and the river channel network contraction. Geomorphologic conditions are related to the
active uplift of the landforms in Tertiary sedimentary substrate at the boundary of the fluvial plain having
Holocene shallow fluvial deposits. The substrate is emerging in the river beds since few decades due to channel
erosion processes.

The present Po river system morphological changes can be summarized as: (1) shortening river axis; (2)
narrowing active channel width; (3) sediment erosion at the river channel bottom. The major flood of October
2000 recorded larger bank erosion than previously. Following floods occurred shorter and faster depending on
the network changes versus a more steepening system. Bank erosion in the channel exceeded the flooding onto
the plain. The Maximum of erosion was noticeable in the channel reaches where the substrate is exposed.

Latest morphological evidences of the river network steepening show meander cuts-off during the previous minor
floods from 1949 to 1977. These evidences highlight the faster processes of the shortening changes in the study
area by an average shortening of 4 km/year. Longitudinal topographic profiles are 1 m deepened at the channel
medium bed level from 1999 to 2004.

The river network contraction involved faster flood propagation, decrease in sediment availability for the sediment
transport in the channel bed and fluvial deposition. Instability effect are recognized on the fluvial public works due
to damages in walls and bridges. Surface water table deepens in the plain as channel network is deepening and
water losing involves water lack in river biomasses maintenance.
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Sediment transport measurements providing insights on initiation of motion and high flow bedload
transport at the Austrian Danube

LIEDERMANN M., TRITTHART M., GMEINER P., HABERSACK H.
BOKU University, Vienna, VIENNA, AUSTRIA

Within a large restoration project at the Danube River to the East of Vienna an ambitious sediment transport
monitoring program using advanced measurement equipment was conducted. Among other methods, a basket
sampler was used to quantify initiation of motion, bedload dynamics and annual bedload transport. Due to high
flow velocities and water depth, the sampler had to be modified to suit the requirements of the Danube River in
order to assure undisturbed sampling.Over four years, a total of 38cross-sectional bed load transport
measurements were conductedover the entire discharge spectrum, thereby covering low flows as well as several
flood events up to a 15-year event.

Significant bedload transport was observed at low flow conditions, indicating that initiation of motion takes place
at much lower discharges than predicted by commonly used uniform bedload transport formulae. Furthermore it
was found that the bedload transport increases with discharge, but to a much lower extent around bankfull
discharge. Results of a gravel tracer study performed within the same river reach and 3D sediment transport
modelling affirmed these findings. Hence commonly used approaches underestimate bedload transport at the
reach for low flow conditions and overestimate transport at high flows. Therefore new concepts had to be found
for establishing a bedload transport-discharge rating curve. Amongst others, a sigma function was fitted to the
data describing better the occurring transport situation.

The analysis of the data led to a substantial progress in describing sediment transport characteristics at a large
gravel bed river, thus increasing process understanding and facilitating the evaluation of a restoration project.
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The evolution of the fluvial process in the lower Yellow River since 1960

TIAN S.M., WANG W.H., LI'Y., ZHANG X.H.
Institute of Hydraulic Research, YRCC, ZHENGZHOU CITY, HENAN PROVINCE, CHINA

The Yellow River carries abundant water and excessive sediment and the channel bed and river bank are
erodible. Since 1960, many large and middle reservoirs have been built in the Yellow River. The water and
sediment conditions of the river have undergone great changes, especially after the operation and the practice of
the water and sediment regulation of Xiaolangdi Reservoir. The incoming water and sediment in the lower Yellow
River has changed greatly. The cross-sectional shape of the channel has adjusted a little. At the same time, the
river training works have been improved since 1960. Under the actions of water-sediment conditions and river
training works, the river regime of the lower Yellow River has experienced remarkable variations.

The paper analyzes the characteristics of the river regime and the mainstream lines of the wandering reach in
the lower Yellow River since 1960. The results indicate that the bend coefficient shows an increase trend, the
mainstream swing and width-depth ration shows a declined trend, which indicate that the wandering features of
the river have been inhibited and the river regime has become regular. In addition, the river pattern is also
discriminated by the river regime parameters and the fractal dimension method. The values of the discrimination
indicators are getting closed to the braided river. In some years, the river pattern has exhibited the features of the
braided river.

The changes of the river regime are first due to the water-sediment conditions. With the operation of the
reservoirs, the annual water amount, the frequency and the peak of the flood have decreased. Then the flow
dynamics and its action on the river channel reduce too. On the other hand, the river training works has limited
the swing range of the mainstream. Both of them have affected the fluvial geomorphology of the lower Yellow
River and lead to the stabilization of the river. So the river regime have transformed from the scattered to the
normalized.

698



S19A - Large rivers (IAG-WG)

Tracking the middle reach of the Yellow River running eastward across the Ordos Plateau and North
China Plain

HU Z., PAN B., GAO H., HU X.

Key Laboratory of Western China's Environmental Systems, Ministry of Education, Lanzhou University,
LANZHOU, CHINA

The middle reach of the Yellow River from the Chinese Loess Plateau downward to the North China Plain, runs
through the uplifted Jinshan Groge and subsiding Fenwei Basin, offers a favorable setting where the response of
the fluvial landscape to the uplift and climatic change can be evaluated individually. In the northern Jinshaan
Gorge, a continuous fluviolacustrine strata with a chronological framework of >8.3-3.7 Ma were accumulated in
the Baode region, being correlated sediments of the Tangxian Planation Surface. The statistics of gravel fabric
and lithology in these fluviolacustrine sediments reveals that a paleo-lake occupying the Baode area was fed by
some local streams from surrounding uplifted regions. In the northern Jinshaan Gorge, two fluvial gravel layers
covered by aeolian Red Clay were stacked on the Tangxian Planation Surface. Their formation times were dated
prior to 4.9 Ma and 3.7 Ma respectively. The statistics of gravel fabric and lithology indicates that these gravel
layers represent a northward flowing paleo-river, which is different from the southward flowing Yellow River. It
linked the paleo-lake occupying the Baode region and the drainage in the Hetao Basin. A dramatic surface uplift
initiating prior to 3.7 Ma not only interrupted the fluviolacustrine sedimentation, but also leaded to lifting of the
Planation Surface. Owing to this drastic uplift, hypsographic relief was enlarged, and resulting in fluvial head
erosion. In the northern Jinshaan Gorge, the northward flowing river linking the Baode paleo-lake and the
drainage in the Hetao Basin was pirated by the river in the southern Loess Plateau, and the Yellow River
appeared prior to 1.2 Ma. An episode of drastic uplift initiating at 1.2 Ma forced the Yellow River to continuously
downcut along the Jinshaan Gorge, and developing a series of fluvial terraces. The modern spectacular down-
cutting valley has been shaped gradually by the Yellow River since this uplift.
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Geomorphic Changes in the Indian Sundarban between 1917-23 and 2012: Evidences from Maps, Images
and Hydrography

BANDYOPADHYAY S.(1), MUKHERJEE D.(2), KAR N.S.(1)
(1) University of Calcutta, KOLKATA, INDIA ; (2) University of Burdwan, BARDHAMAN, INDIA

A high tidal range and tropical climate helped to form the world’s largest patch of mangrove wetlands —
Sunadarban — at the mouths of the Ganga-Brahmaputra delta (India and Bangladesh). The area started to be
reclaimed from early 14th Century. However, an active governmental effort for deforestation commenced from
1790s and by 1950s about 5,366 km2(56%) of mangroves were converted into farmlands in India. To form a
holistic database on long-term changes in the Indian Sundarban, we compared five datasets: Survey of India
maps of 1917-23, 1942 & 1968-69 and RS data of L3+Pan (2001) & L4 (2012) from IRS missions. All these
materials were georeferenced, mosaiced and digitised.

The results show that all southern sea-facing islands of Indian Sundarban recorded progressive erosion — a trend
that continued from 18th century. However, in the interior (often reclaimed) portions of Sundarban, inter-island
creeks are being silted up, resulting in net accretion and reduction in number of islands. The progressive and
irreversible transformation of intra-island creeks into stagnant water bodies and finally into plugged depressions
is one of the most notable post-reclamation changes that largely took place during an approximate span of fifty
years.

For maintenance of morphological steady state, length of the resonant macrotidal estuaries of Sundarban need
to equal a quarter of the wavelength of the tide entering into them. The tidal wavelength, in turn, depends
critically on the mean depth of the estuaries. Reclamation and construction of marginal embankments increase
their mean depths and set up time-velocity asymmetry in tidal currents. This condition largely explains bank
erosion and in-channel siltation seen in the interiors of Sundarban. The chief reasons for rapid erosion of its
seaface include abandonment of sediment-replenishing western distributaries of the Ganga and off-shore
interception of westward transportation of sediments by a submarine canyon.
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Poster presentations:

Neogene gravels and dammed-lake sediments newly discovered in Nujiang (Salween) River valleys,
Yunnan

ZHAO X.(1), WU Z.(2), YE P.(2), TONG Y.(2), HU D.(2)
(1) Institute of Geology and Geophysics, Chinese Academy of Sciences, BEIJING, CHINA ; (2) Institute of
Geomechanics, Chinese Academy of Geological Sciences, BEIJING, CHINA

In Our field survey in the Daojie Basin through which the Nujiang (Salween) River passes, lower terraces
below 150m above river level were re-identified and re-divided into eight level terraces (T;~Tg) . At the same
time, there are four level higher terraces 180~380mabove river level (T10~Ti3) and a suit of dammed-lake
sediments and their buried alluviums to be newly discovered. Lower terraces were dated by OSL, U-series and
ESR methods, whereas the dammed-lake sediments were paleomagnetically analyzed. The results show that
six levels of lower terraces are formed since the Middle Pleistocene, and that the upper part of the dammed-lake
sediments is dominated by normal polarity but contains two short times of negative polarity, whereas the lower
part is of negative polarity. According to correlation with the standard magnetic polarity time scale, the formation
age of the dammed-lake sediments should be 4.2~2.6Ma, i. e. the Middle-Late Pliocene. Thus, the burial terrace
below the dammed-lake sediments and the higher terracesshould form in the early of Pliocene to the late of
Miocene. On the basis of the results in the paper and our preliminary regional stratigraphic correlation, it can be
believed that accompanied with intermittent uplift of the Tibetan Plateau since the middle and late of Miocene,
the Nujiang River occurred and cut down and by the early of Pliocene cut down into below today’s river beds.
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Hydromorphodynamic of Anavilhanas Fluvial Archipelago - Amazon- Brazil

ALVES N.S.(1), RODRIGUES C.(2)

(1) UNIVERSIDADE DO ESTADO DO AMAZONAS, MANAUS, BRAZIL ; (2) UNIVERSIDADE DE SAO PAULO,
SAO PAULO, BRAZIL

The Anavilhanas Fluvial Archipelago is situated in Lower Negro River, a tributary of Solimdes River in Amazon
Region that is characterized by a complex of islands, bars, lakes, “furos” and river channels is inside a region
that combines humid tropical forest vegetation cover, mean annual rainfall of 2000 mm and mean annual
temperatures about 27°C.This fluvial island complex, the largest in the world, appears to be a heritage of a sub-
Recent anastomosing system whose actual islands are isolated by river channels with narrow margins and
internal ocellar lakes. This research has characterized tree main different hydromorphodynamic environments
that has identifyed from semi-detailled geomorphologic mapping, morphometric fieldwork and sedimentologic
analyses: river channels, channel margins and internal lakes. The distinctive processes of those environments
have seasonal variability that follows the dry season, the rise water level period and the wet season, all of them
commanded by a bimodal annual variability of the water level of Solimdes River, distant about 120 km. The wet
season starts in October/November and its first peak of water level occurs in the beginning of the year that is
followed by a maximum water level that occurs in June/July. The analysis of water levels data of Manaus (1902
to 2010) has revealed mean annual amplitude of 11 m. The same value and periods have observed in
Anavilhanas region over the year of 2011. The major river channels revealed high rates of bedload transport over
the wet season, low rates of dissolved and suspended load over the year and exposure of mega-dunes over the
dry season. The channel margins appears to be stable in many places but can be eroded over the rise water
level period. The lakes have river-lake seasonal dynamics that combines periods of decantation in a lacustrine
and low energy environment and periods of rise of water levels that accompanies the growth of flow energy and
connection to the river flows.
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Fluvial competition exemplified by formation and evolution of the Fen River and Jinshan Yellow River,
North China

ZHANG K.
Sun Yat-sen University, GUANGZHOU, CHINA

Competition exits not only in organisms and human society, but in geomorphic open systems evolution of many
landforms can be analogized to competition. The Fen and Jinshan Yellow Rivers (eastern-reach of the prominent
square-shaped bend of the Yellow River) on E and W sides of the Liliang Mountains, provide an example of
fluvial competition. The Fen River is now a tributary of the Yellow River, the 2nd largest river in China. However,
the depositional sequence and chronology (including magneto-loess stratigraphy and OSL dating) along the
Jinshan Yellow River, indicates that before connectionof the Hetao Basin (Hetao Great Lake, into which the
upper reach of the Yellow River debouched) to the north, the Jinshan Yellow River shared similar features with
the Fen River in terms of flow direction and length. Both rivers can be considered as “twins” originating from uplift
of the Liliang Mountains and both flowed from N to S on E and W sides of the mountains, respectively, into the
Yuncheng Basin, the local base level. Following two stages of N2 broad valley and early to middle Qp deep
gorge development, in late Qp, the Jinshan Yellow River eroded headward and cut into the Hetao Basin. An
abrupt increase in the discharge and length of the Yellow River led to rapid down-cutting to “win” the competition
with the Fen River, which was degraded to a tributary. A near 100-year debate on the formation age of the
Jinshan Yellow River, i.e., N2, early Qp, late Qp, has centered on conglomerate along the broad valley, the
highest strath terraces along the lower to middle reaches of the Jinshan Gorge, and the highest strath terraces
along the upper reach of the gorge, respectively, representing three evolutionary stages. The various view points
are not necessarily conflicting. A large river is not always the oldest one, and vice versa. Fluvial competition can
cause one river to develop faster than another resulting in a complicated landform evolution.
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Permafrost-cored alluvial bedforms and related channel morphology of the Lena River, Central Yakutia

TANANAEV N.

P.l. Melnikov Permafrost Institute, Siberian Branch, Russian Academy of Science, YAKUTSK, RUSSIAN
FEDERATION

Major features of formation and development of the large cryogenic alluvial bedforms within the middle reach of
the Lena River are reviewed. Under severe climatic conditions of Central Yakutia, permafrost is widely observed
within the river channels. Frozen cores in large bedforms limit their mobility, leading to the enhanced bank
erosion and channel degradation. It is shown that these bedforms control major river valley morphology features
within the studied reach, from the channel topography structure to the formation of the channel pattern and the
valley bottom. Development of the pseudomeanders within otherwise braided channel pattern is a distinct effect
of these permafrost-cored bedforms. Qualitative model is offered to describe the cyclic development of these
bedforms, emphasizing the role of the dominating channel pattern and ice jamming. This cyclic pattern is related
to the large—scale water flux variations, which were correlated with Milankovitch—type oscillations via climatic
modeling results.
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Geomorphological and geoecological mapping of river valleys, floodplains and channels

CHERNOV A.
Faculty of Geogbrahyy, Voscow State University, MOSCOW, RUSSIAN FEDERATION

The paper deals with principles of small-scale mapping of floodplain-channel complexes. Mapping in small scale
implies showing river channel and floodplain as a linear object — a multi-component strip over the river line on
topographic map. It is a set of stacked over each other bands of successively decreasing width divided with
bordering lines. Properties of channels and floodplains are shown by band width, color and hatching, and color of
inter-band borders. The following information is shown: width and morphological type of channels and
floodplains, channel dynamics (bank erosion rates, meander growth rates), sediment type, morphology and
composition of banks, meander curvature, river behavior at confluence reaches, economic activities in channels
and valleys influence on channel processes, etc.

Processes and phenomena on valley sides are depicted by symbols alongside river strips. External geographical
and geological conditions are shown by colored and hatching background over the whole map.

Such approach was used to compile a set of maps showing river morphology and dynamics in the whole Russia
and surrounding states, European part of Russia, selected regions as well as geoecological state of floodplain-
channel complexes and risk of channel processes in different Russian rivers. Geoecological maps display
environmental conditions governed, first, by dynamics of river channel itself, and, second, by economic activities
at river banks. Risk maps show estimations of potential danger that is generated nearby rivers by natural channel
migrations and by human impact.
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A study on phasic changes of sediment erosion and accumulation in the Inner Mongolian reach of the
upper Yellow River and contributions of main factors

SHI C., SHAO W., FAN X.

Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, BEIJING,
CHINA

Using data of hydrological records, annual water and sediment diversion, and sediment retention and water
regulation by dams, this study investigated the phasic changes in sediment erosion/deposition in the Inner
Mongolian reach and in the series of water and sediment inputs to the reach. It is disclosed that there were two
abrupt changes in the series of water and sediment inputs to the reach and the reach experienced a period of
aggradation, a period of erosion, and then a period of aggradation again with the years 1962 and 1986 as the
break points. For determining the causes for the conversions between aggradation and erosion, the contributions
of main influencing factors were quantified. The results show that the variation of runoff due to climate change is
the important cause for the conversions from aggradation in the first period to erosion in the second period and
back to aggradation in the third period. Sediment retention behind the dams on the main stream is found to be
the first factor resulting in the transition from aggradation in the first period to erosion in the second period, and
reduction of sediment input from tributaries to be another factor making a certain contribution to it. Besides the
runoff reduction associated with climate change, the rise of sediment input from tributaries, reduction of sediment
retention behind dams, and increase of water diversion are revealed to be favorable to the transition from erosion
in the second period to aggradation in the third period. The results also show that water diversion has played an
important role in the long-term aggradation of the Inner Mongolian reach and the gradual rise of water diversion
has enhanced the aggradation. It is suggested that the control of water use and reduction of sediment input from
the tributaries should be an effective way to alleviate the aggradation in the Inner Mongolian reach.

Keywords: Alluvial river; Changes in water and sediment discharge; River channel aggradation.
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Evolution of River Systems in the Indian Part of Upper Ganga Delta: Evidences from Maps and Satellite
Images

DAS S., BANDYOPADHYAY S.
Department of Geography, University of Calcutta, KOLKATA, INDIA

The western part of the Ganga-Brahmaputra delta, India and Bangladesh, is mostly contributed by the Ganga
and its tributaries. The major distributaries and palaeodistributaries of the river that drain the Indian non-tidal part
of the delta include the Bhagirathi, Gobra, Bhandardaha, Bhairab, Sialmari, Jalangi, Mathabhanga, Churni,
Ichhamati, Jamuna and Anjana among others. Most of these distributaries are characterised by intense
meandering and their channels have shifted frequently in the past. The off-takes of the major ones are
periodically affected by the shifting of the main channel of the Ganga during the monsoons.

The database for this study consists of maps of James Rennell's Bengal Atlas (1:316,800;1767-74) Atlas of India
(1:253,440;1848-56), Survey of India (1:63,360; 1916—-1931) and selected satellite images from Corona (1967),
IRS (LISS-3+PAN, LISS-4 Mono: 2001-2007) and Landsat (MSS, TM, ETM+: 1973-2011) missions. Available
discharge and gauge height data of selected rivers for different years are collated with the investigation of maps
and images. Field surveys are carried out at specific off-takes and confluences using Total Station, Echo-
sounder and GPS to analyse the present scenario.

The results indicate marked degeneration of the distributaries especially at their headwaters where siltation is a
common phenomenon. This can be linked to abandonment of the western part of the delta. In some instances
(e.g., in Ichhamati and Jamuna) the oxbow lakes associated with certain rivers are seen to get smaller in width
and depth with decreasing age indicating gradual deterioration of the river channel. This characteristic, however,
is not seen in the non-degenerated or artificially resuscitated distributaries (e.g., in Bhagirathi) where the cross-
sections of all the ox-bows as well as the active channel are similar. Decay of some of the rivers (e.g., Anjana)
can also be related to anthropogenic activity like encroachment and drainage diversion.
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Spatial organization of Pantanal lagoons in Matogrosso Do Sul, Brazil

FERNANDES E.(1), QUEIROZ NETO J.P.(2)

(1) Universidade Federal do Rio Grande do Norte, NATAL, BRAZIL ; (2) Universidade de S&o Paulo, SAO
PAULO, BRAZIL

Several studies have highlighted the interesting concentration of lagoons, where the great variability in the quality
of their waters, characterized by saline lagoons with sodium and chlorinated, bicarbonate water, would be a
peculiarity of the region. These lacustrine groupings occur in southern ledge of Taquari River alluvial macro and
are part of the vast alluvial plain of the Pantanal, in the Upper Paraguay River Basin, including Brazil, Bolivia,
Paraguay and Argentina. The aim of this study is to show that the lagoons are not randomly distributed in the
region; instead, they have an organization or patterns in the spatial distribution, as well as a relationship between
their distributions and their sizes that allows us to understand the dynamics and evolution of hydrological
landscape. The study was conducted through the use of remote sensing techniques for classification of TM
LANDSAT TM 5 (226/73) satellite images and integration of water quality data collected in the field. SPRING
(INPE, Brazil) and ArcView GIS 3.2 (ESRI) programs were used for image classification, statistical treatments
and correlation of themes. It was classified this universe of lagoons in 3 size classes and, based on these 3
classes, it was carried out the spatial density calculate for each theme. It was used an extension for the Arcview
3.2 program called "FeatureDensity.avx" whose algorithm calculated the ratio between the area of lagoons on
the total area regional determining concentration of 5 classes of ponds by the method of natural breaks. The
spatial organization of ponds has suggested that these have strong genetic influence of two current and past
tenses processes, which has been operating in the morphological evolution of Taquari river alluvial fan: 1)
morphostructural processes related to regional structural lineaments, 2) hydrodynamic processes of Taquari river
alluvial fan.
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Similarity analysis of scale effects of specific sediment yield in the Yangtze River basin, China

YAN Y.

Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Science, BEIJING,
CHINA

Scale effects of specific sediment yield are very important issues not only for the water and soil conservation, but
for the constructions of different levels of dams. The Yangtze River basin is the largest river basin in China. Scale
effects of specific sediment yield were studied on different tributaries or on the whole basin. Based on our study
of the whole Yangtze River basin, there were three different kinds of relationships between specific sediment
yield (Ys) and drainage area (A), there are, Ys increases with A, Ys decreases with A, and Ys isindifferent to A.
In this study, we tried to reveal the reasons to form the different kinds of relationships between Ys and A. We
focused on the study of similarities of scale effects among main channels and tributaries of the Yangtze River
basin. All rivers with more than two hydrological stations were selected to. This study were carried out on two
levels, firstly, study the similarity of scale effects of main channel of Yangzte River and of the tributaries which
flow into the main channel; secondly, study the similarity of scale effects of large tributaries of the Yantze River
basin. On the first level, because of the large area which we studied, the influencing factors are very complex,
scale effects between main channel and tributaries were much different. On the second level, thought there were
several differences in a few large tributaries, in general, the scale effects in each large tributary are similar. While
among different tributaries, there were different patterns of scale effects. Scale patterns for the tributaries on the
left side of the main channels were much different from that of the right side. Meanwhile for the tributaries on the
left side of the main channel, scale patterns were also changed from west to east. Tectonics, landform, geology,
climate, as well as land-use and land-cover were used to explain the similarity of the scale effects.
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Fluvial patterns and its use for the assesment of amazonian geodiversity, discussion and application ont
the Xingu River Basin

SILVA J.(1), RODRIGUES C.(1), PEREIRA D.(2)

(1) Department of Geography - University of Sao Paulo, SAO PAULO, BRAZIL ; (2) Geology Centre - University
of Minho, BRAGA, PORTUGAL

This research has intended to demonstrate and evaluate the potential use of fluvial geomorphological variables
as geodiversity indicators. The aim of this work is the morphological characterization and analysis of fluvial
patterns in the Xingu River Basin, in order to demonstrate the relevance of these parameters for the assessment
of Amazonian geodiversity. Two different spatial scales were used for this research. On a more detailed
scale(1:150,000), maps of fluvial morphology were made for 23 selected areas, which represented the diversity
of fluvial patterns in the drainage basin. This characterization proved the great diversity of fluvial patterns in the
study area, demonstrating the relevance of this parameter as an indicator of geodiversity. On a less detailed
scale, a method to quantify the geodiversity was applied to the entire drainage basin, based on the measurement
and integration of abiotic elements spatialized on thematic maps with scales ranging from 1:250,000 to
1:1,000,000. The index of geodiversity ranged from 4 to 32. The hot spot of geodiversity is at the boundary
between Complexo do Xingu and the Amazonian Sedimentary Basin, close to “Volta Grande do Xingu”, where
there are different types of rocks, soils, reliefs and mineral resources, in addition to the fluvial patterns with the
highest scientific and aesthetic value. Although still largely preserved by conservation units and indigenous
lands, the Xingu Basin suffers severe anthropogenic pressures, mainly caused by the construction of Belo Monte
Dam in the area of highest geodiversity, which presents no legal protection at all. The main contributions of this
research are the enrichment of the knowledge basis about large Amazonian rivers, as well as the application of a
method for mapping the geodiversity indexes, which can be useful as a tool for environmental planning,
particularly in defining priority conservation areas.
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Developmental History of the World's Longest Rivers

YANG |.
Ministry of Land and Resources ,China, BEIJING , CHINA

For more than 50 years, the author has surveyed the courses (either entire or most) of the longest rivers of 6
continents and other rivers in the world >5000km. He also discovered key evidence of their geological history ,
such as the highest terraces (1250m above the current river bottom, in the Three Gorges of the Yangtze River),
the largest number of terraces (>32 terraces, in the Longyangxia Gorges, Yellow River), the largest visible
thickness of loess deposit (315m, in Lanzhou, Gansu, China), the most complete profile of river evolution for 2.5
Ma. (In Lanzhou), the longest sections of mountains with many terraces (5/7 of the Yangtze and 7/11 of the
Yellow R.), the deepest vertical karst sinkholes (622m, in the Three Gorges of the Yangtze). In Mts Andes, on the
west slope: the marine terrace is over 1000m a. s. |, on the east slope: the Amazon terrace has 8 more steps,
etc. Based on these observations, the author proposed a framework for the developmental history of the world's
rivers controlled by new tectonic movement ( China, the Andes, the Alps, New Zealand...) and climate change (
N. America, Siberia, Europe...) In this framework, we can confirm the detailed history of the world’s rivers.

Except the tremendous social impact,this study can also provide a theoretical basis for water management. In
China the predictions of this study were confirmed by the Yangtze flood in1998. The study also points out the
new channel that will be taken by the Yellow R. after 25 years. According to this study the origional reason of the
unprecedented depletion of lower Yangtze since the spring of 2011etc was improper impoundment by the Three
Gorges Reservoir. This study is also essential to the research of earthquakes induced by giant reservoirs(such
as the Three Gorges and the Longyangxia Gorge reservoir). If these kinds of studies had been carried out prior
to the Wenchuan Earthquake, 2008, the number of the deaths couldn't have been reached 87 000.
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The lower Indus Basin: an anthropogenically modified hydrosystem under the influence of extreme
events

ATIF S., ARNAUD-FASSETTA G., FORT M.
Université Paris Diderot, UMR PRODIG, Sorbonne-Paris-Cité, PARIS, FRANCE

The Indus basin is under a constant process of anthropogenic evolution since the earliest human civilizations of
Moen-jo-Daro and Harrapa. Irrigation and water management practices have evolved to serve the purpose of its
ever-dependent population. Large dams, barrage, link and irrigation canals stretch across the entire river basin.
These form a set of anthropogenic controls, to which the river channel adjusts over time. But as large floods such
as those in 2003, 2005 and 2010 flow down the lower Indus basin they modify the natural evolutionary behaviour
of the stream. In a few places this can be channel migration far and off to highly inhibited land resulting in
widespread devastation of property and loss of human lives. Similarly, as a result of anthropogenic controls in the
north the river delta, which is an integral component of fluvial landscape and an indicator of the river's health,
tends to deteriorate. This situation is further aggravated by coastal cyclones, which have gained momentum
during the last decade. This study aims to use a nested reach style approach in an evaluation of the channel’s
plan form and its possible causes with particular focus on the effects of floods. An additional component is the
study of the extent of seawater intrusion into the main river channel.
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Simulation of floods in the Rhdéne valley from Lidar DEM: Assessing impacts of hydraulic structures on
the floodplain dynamics faced new regulation of 2014

HENAFF Q., BELTRANDO G., ARNAUD-FASSETTA G.
Universite Paris Diderot - UMR 8586 (PRODIG) du CNRS, PARIS, FRANCE

The recent catastrophic floods (September and November 2002, December 2003) of the Rhéne River highlighted
the need for knowledge to understand the complexity of the hydrosystem functioning. The Rhéne River that is
termed as 'hydrologically controlled’' by human society and managers, still maintains a paradoxical fluvial risk.
The hydroelectric development of the river changed both its structure and hydrosedimentary functioning. To
minimize these environmental impacts, the Environmental Code (Article L.214-18) imposes an enhancement of
streamflows for the Rhéne River (15 projects required for 2014). The fluvial geomorphological dynamicswill
evolve in response to this new regulation, imposing to taking into account for the impacts of flood eventsin the
highly urbanized floodplain.

Benefiting of a 1-meter resolution Lidar Digital Elevation Model (BDT Rhéne - IGN), which integrates altitudes
with a precision of less than 20cm, and with partnerships such ast he French Water Data Center (Eaufrance) and
the Compagnie Nationale du Rhéne for hydraulic structures data, one-dimensional steady and unsteady flow
hydraulic modeling of the Rhéne River wasused to simulate floods in orderto define a probabilistic scenarios grid
of hydrological hazard. Satellite imagery of the 2002flood event (International Charter on Space and Major
Disasters) allowed us to calibrate the hydraulic model and to quantify the impacts of hydraulic structures for
simulated floods.

This grid of flood scenarios should represent a useful geodatabase for modeling and mapping hydrological
hazard in the Rhdne valley considering impacts of hydraulic structures.
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A gquantitative approach of the morphological changes in the Middle Garonne river (South-west France)
during the last 300 years

DAVID M.(1), CAROZZA J.M.(2), VALETTE P.(1)

(1) GEODE UMR 5602 CNRS - University of Toulouse, TOULOUSE, FRANCE ; (2) University of Strasbourg,
GEODE UMR 5602 CNRS, STRASBOURG, FRANCE

The Garonne river (South-west France) experiments a state of hydrogeomorphological crisis that results in : 1)
lose of diversity in riparian environments, 2) decreased of the lateral mobility and 3) a general tendency to
channel incision. According to Erevious studies,these phenomena are the result of human activity intensification
in the watershed during the 20" century (reforestation on the slopes of the watershed), in the channel (industrial
gravel extraction, sediment retention by hydro-electric dam construction) or on riverbanks (riverbanks
stabilization for protection against flooding and for navigation). However, studies on this evolution are parse and
generally focus on short time evolution (< 50 yr). The aim of this study is to propose a periodization of
morphological evolution of the river Garonne from the 18" century to present, on a reach of nearly 80 km
between Toulouse and the Tarn tributary in order to test hypothesis about driven forces (i.e. climat vs
anthropization).

This work is based on a qualitative and quantitative approach of historical dataset (textual sources, maps,
engineering plans, etc.). 1) Fifteen maps covering the all study area allow high temporal resolution analysis of
channel/floodplain evolution ; 2) Quantitative analysis of channel planar shape parameters (i.e. sinuosity, channel
width, active band width, channel island number, braiding index, etc.) for each set maps allows to reconstitute the
channel evolution trajectory.

The chronological framework of evolution is compared on the one hand with historical data and anthropic
disturbance in the channel, riverbank stabilization, etc. and on the other hand to regional climatic and
hydrological data (mainly flood) in order to test hypothesis on anthropic versus climatic driven evolution. These
results could highlight management choices and fluvial restoration options in the context of climatic change.
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Oral presentations:

The monitoring of small rivers catchments in various climatic zones - assumptions of methodological and
methodical studies

KOSTRZEWSKI A.
Adam Mickiewicz University, POZNAN, POLAND

Contemporary shaping and relief changes of the Earth surface are the effects of the denudation system
functioning, that zonal specificity is well presented by river catchments.

River and lake catchments are important landscape structures in all morphoclimatic zones. They reveal as
research subjects of the specialized as well complex, interdisciplinary character. It can be accepted that river and
lake catchments are landscape structures (geoecosystems), very useful to determine past and present changes
of Earth surface. Small river and lake catchments are landscape structures especially sensitive in the scope of
influences of both natural and man induced processes. External and internal impulses and their results are
quickly registered in the memory of the river catchment system.

River catchment is treated as an open system - geoecosystem, where we would like to determine the energy
circulation and matter transfer with the use of appropriate methods.

In such a presentation it is essential to standardize field measuring system, the elaboration of appropriate
informatics system, the application of geoecological approach and correctly tested models.

Presented methodological and methodical requirements are realized within the Natural Environment Monitoring,
treated as a research trend in environmental investigations.

The fundamental assumption of the program "Small catchment" is a realization of interdisciplinary research in
river and lake catchments in different morphoclimatic zones, on the base of the organized multi-year stationary
studies. The realization of the program intend the use of standardized research methods and gathering the
results in thematically oriented data base, allowing comparative studies.

The identification, on the basis comparative studies of response of the fluvial systems to changes in land use,
observed climatic changes is very important, in both theoretic and applied points of view.
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Geomorphological features of small watercourses in a context of river landscape sustainability in the
Czech Republic

JAKUBINSKY J.
Global Change Research Centre AS CR, v.v.i., BRNO, CZECH REPUBLIC

The paper presents results of research focused on the study of morphological values of the small watercourses
in the Czech Republic and their environmental consequences. Particularly the issues of watercourse countersink,
and differences between natural and artificially increase deepening of the river channel conditioned by
anthropogenic activities are solved there. Presented are the results of research into the relationship between a
number of hydromorphological parameters and intensity of human activities within the river landscape area. The
river landscape is traditionally viewed as an ecosystem along watercourses, which functioning is directly
conditioned by the presence of a river. Because this is a very attractive place for realization of the human needs,
it can be seen a conflict between the activities of human society and effects of the natural processes associated
with the presence of a dynamically evolving river networks.

Central question in the study of human impacts on the river landscape is primarily how to distinguish the natural
evolution of riverbed morphology from man-conditioned disturbances. Secondary, the prediction of expected
changes in watercourses ecosystem taking into account the specific impact of human activities is assess.
Research procedures outlined above are implemented using the data acquired by a detailed field survey on
several model sites, situated in different regions of the Czech Republic.

The essence of the research comes from the fact that any change in a single variable which affects morphology
of the river environment may cause a series of channel pattern changes with the feedback in the form of further
secondary channel parameters. A significant part of the solved issues is also a question of establishing the initial
(more or less natural) state of the stream channel and inundation area from which it can be derived the
procedure for expression the degree of fluvial ecosystem degradation.
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Geochemical and physical loss from a small catchment area in the sub-humid 'tropics: contribution of
gullies

AUGUSTIN C.(1), CRUZ L.(2), FABRIS J.(1), ROCHA L.(3)

(1) UNIVERSIDADE FEDERAL DE MINAS GERAIS, BELO HORIZONTE, MG, BRAZIL ; (2) Fundacgédo Estadual
de Meio Ambiente, BELO HORIZONTE, BRAZIL ; (3) Universidade Federal de S&o Jo&o Del Rey, SAO JOAO
DEL REY, BRAZIL

Gullies are common features in tropical areas although not restricted to this part of the globe. In tropical areas
intense soil loss which constitutes one of the main characteristics of this type of concentrated erosion can
sometimes intercept the ground water level resulting in superficial water flow inside the gullies during the entire
year and loss of chemical elements that otherwise would remain in the system. In situations in which chemical
loss constitutes one of the main processes of landscape denudation, the role of gullies can be significant. The
aim of this research is to understand the contribution of chemical and physical losses from gullies and their role
in the geomorphic dynamics in an area formed by a 3"order drainage basin in a tropical area of southeast Brazil.
Results show that the weathering stage has achieved total allitisation at the top and upper portion of the slopes
where the gullies occur corresponding to an old erosion surface where an expressive amount of gibbsite and
goethite as well as a ratio of SiO,:Al,03<2 are found. Where intense physical erosion took place, the removal of
the old weathered surface (lower slopes, gullies, etc) more likely leads to monosiallitisation resulting in partial
removal of SiOzand neoformation of kaolinite (SiO2:Al,03=2). Data demonstrate also the overwhelming physical
loss of sediments in the gullies creates conditions for a more extensive and quicker removal of sediments and
chemical elements in solution. This contributes to enhance changes in the thick weathered mantle which tends to
be stripped away generating the formation of new soil. This constitutes one of the main processes of landscape
development in this relatively stable tectonic area. Gulling also influences chemical balance through the more
rapid circulation of underground water leading to the occurrence of less saturated chemical solutions which tends
to promote geochemical changes.
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Extreme land-forming processes development and distribution in the Ukrainian Carpathians under natural
and man-made factors

MYKHNOVYCH A.(1), KOVALCHUK I.(2), KRAVCHUK Y.(1), PYLYPOVYCH O.(1), CHIKOVA 1.(3)

(1) Ivan Franko National University of Lviv, LVIV, UKRAINE ; (2) National University of Nature Use and Life
Sciences of Ukraine, KYIV, UKRAINE ; (3) Ukrainian Academy of Mining Sciences, Mining and chemical raw
material department, LVIV, UKRAINE

The Ukrainian Carpathians is the area of wide spectrum exogenous processes development. The paper deals
with the analysis of the conditions, factors, regularities of extreme land-forming processes distribution and
development intensity. Such analysis is based on the results of the long-term observations and investigations
within the special representative areas (study sites) and fields of stationary and semi-stationary observations and
measurements. These sites have been chosen due to the specific geological and geomorphologic conditions
within the river basin systems of different order. By the combinations of natural conditions and regime of nature
use and economical activity the Precarpathian decline with the southern-western margin of the Eastern-
European platform, Carpathian mountains and Transcarpathian internal decline are defined.

Natural conditions (tectonic and geological structure, relief, precipitation) define the distribution of zones and
periods of extreme activization of land-forming processes in the Ukrainian Carpathians. Most significant and
temporary increasing factor of the geomorphologic processes extreme activization is economical activities in the
river basins of the region. The third important factor of the activization is seismic activity in the region. Most active
in this aspect is the Transcarpathian region where local earthquake epicenters are corresponded to the active
tectonic breaks. The largest activization of the geomorphologic processes in the region has been observed in the
period of extreme flood events caused by combination of extraordinary meteorological conditions, relief forms
and man-made impacts.
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Assessment of the relationships among morphometric parameters and hydrologic indices

KARALIS S., KALOGEROPOULOS A., KARYMBALIS E., CHALKIAS C.
HAROKOPIO UNIVERSITY, DEPT. OF GEOGRAPHY, ATHENS, GREECE

This paper seeks to investigate the role of morphometric characteristics of the drainage networks and basins in
the physical mechanism of surface runoff. There are two main factors that affect the generation of surface runoff.
These are the rainfall characteristics (spatiotemporal context) and the catchments characteristics (static context).
Using as a starting point an extreme flash flood event in Xerias torrent which was described as a hundred years
flood, an attempt was made to extend this flood throughout 41 small relatively mountainous catchments (ranging
in area from 1.5 to 330.5 km) located in North Peloponnese, Greece. A GIS-based spatially distributed unit
hydrograph model is used in order to obtain the hydrologic indices (such as rising limb, peak discharge, falling
limb, critical time etc). These indices are compared with the basic quantitative geomorphological characteristics
of the drainage networks and associated basins (bifurcation ratio, basin circularity, Melton’s ruggendness
number, basin slope, asymmetry factor) of the study areain order to relate the basin character to the discharge
produced. The basic idea is to quantify the relationships among the geomorphology (expressed through
quantitative indices) and the hydrological characteristics, which are derivatives of a flood.
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Quantitative Morph metric Analysis of Machna River basin Management, M.P.(India)

NAMDEQO S.
Motilal Vigyan Mahavidyalya, Bhopal, BHOPAL, INDIA

Flowing water (Geomorphological drainage) and associated mass gravity movement have been active over a
long time span and are responsible for the development of present surface geometry. Quantitative analysis of
geomorphological drainage is systematic description of the watershed and river channel system which measures
the linear aspects of drainage network, aerial and relief aspects of channel network. In the present study, the
quantitative analysis of drainage basin is based on methods given by Strahler (1953 and 1964), Chorely (1957),
Shumm (1956), Miller (1945), Melton (1957), Smith (1950). The Machna river watershed (Lat. 22°00’ t022°25' N;
long. 77°45't0 78°03' E; Narmada river basin) drains across different landscapes and it is an important source of
sustainable water resources of the area. The study reveals the past climatic conditions, impact of present land
use along with natural conditions in managing watershed. The bifurcation ratio indicates development of drainage
due to underlying homogeneous parent material which is basalt and granitic gneisses. The mean bifurcation ratio
indicates well developed surface drainage and permeable strata, a prerequisite for augmenting the ground water
level. Parameters of aerial aspects indicate variations in discharge of rain water from different zones of
watershed. However, bifurcation ratio suggests a moderate discharge from watershed. The stream frequency
and filtration number along with overland flow to enhance understanding of watershed development and relief
aspects of the analysis have been found to be useful in designing the various structures of the watershed. The
study concludes that quantitative analysis of drainage morphometry is a desirable approach for understanding of
the integrated watershed management.
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Variability of soil erosion in the last-glacial areas on the example of NE Poland

SMOLSKAE.
University of Warsaw, WARSAW, POLAND

The aim of the study was to recognize soil erosion in the last-glacial area on the example of NE Poland.
Monitoring of soil erosion was conducted on selected slopes in the upper Szeszupa catchment in years: 1987-
1989, 1998-1999 and 2007-2011, a total during 10 years. In 2007-2009 measurements were also performed
within 3 runoff plots on sandy soils under differential land use: black fallow, grain crops and potatoes. Each plot
was 22 m long and 2 m wide. During rainfalls of moderate intensity sheet wash caused erosion of the upper and
the middle segments of hillslopes and deposition of eroded material in their concave (lower) segments. Rills
formed locally due to rainfalls above 20 mm on sandy-loamy, sandy-silty and loamy-sandy slopes longer than
100 m. Only a limited amount of material was transported beyond slopes and accumulated at the footslopes. For
the average intensity of rainfalls, annual soil erosion ranged from 0,05 to 7 txha™. Due to heavy rainfalls the
effectiveness of both processes: sheet and rill erosion was several times greater, up to 30-50 txhaand locally
even 80-90 txha™. Intensive erosion, accompanied by soil loss up to 170 txha™®, lead to the formation of frequent
rills, and locally, to the development of ephemeral gullies. Strong erosion occurred on hillslopes were several
features facilitated the soil loss, most importantly: the type of crop and the early stage of its development, local
lithology and morphology of the slope. The study area experiences heavy rainfalls ( >30 mm and erosivity > 300
MJxmtha'1><h'1) in May or June with frequency once every 7-10 years on average. It is estimated that 15% of
the study catchment area is threatened by soil erosion.
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Weather times and flood generation in the Araguas catchment (Central Spanish Pyrenees)

NADAL ROMERO E., CORTESI N., GONZALEZ HIDALGO C.
University of Zaragoza, ZARAGOZA, SPAIN

Flood generation and soil erosion is associated with specific weather conditions that can be described by
weather Types (WT) approaches. The WT approach consists on classified atmospheric conditions. Previous
climate researches in the Iberian Peninsula (IP) have analyzed the relationship between precipitations and
specific WT, being the most prevalent to produce precipitation the Westerly, South-Westerly and Cyclonic WTs.
These investigations have also demonstrated that specific WT are the main driven of precipitation accordingly
different areas.

In this study, an analysis of WT and flood generation, storm-flow and soil erosion data during 7 hydrological
years in the Pyrenees mountain area is presented. The analyses indicates that the Anti-cyclonic (A) type is the
most frequent class (17.04%), but contribute with a rather small amount (5%) to total precipitation amount. On
the other hand, the three wettest WTs, namely Cyclonic (C), Northwesterly (NW) and westerly (W) types,
together representing only 20% of all days, account for 45% of the total precipitation.

Since October 2005, a total of 253 floods were identified in the study area. The most frequent WT generating
floods were Cyclonic (19.4%), Northwesterly (NW) (15.4%) and Westerly (14.6%) types. The analysis of
monitored storm-flow and sediment yield (SY) in relation to the WTs reveals a clear propensity for the south
westerly (SW) weather pattern to dominate the maximum storm-flow generation and the maximum SY.
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Typology of torrential systems prone to debris flows occurence in the Hérens valley (Switerland)

MAILLARD B.(1), REYNARD E.(2), THELER D.(1)
(1) ECOTEC Environnement SA, SIERRE, SWITZERLAND ; (2) Institute of geography and sustainability,
University of Lausanne, LAUSANNE, SWITZERLAND

Debris flows are one of the most active sediment transport vectors in the mountain regions. The objective of this
study on debris flows in the Hérens Valley (Valais, Switzerland) is twofold: (1) to identify geomorphological
contexts favourable to trigger debris flows and (2) to estimate the volumes potentially mobilized. The research,
conducted by a combination of qualitative and quantitative methods, was divided into two stages. As a first step,
we classified small torrential basins based on hydrologeomorphological and morphometric criteria and according
to their morphodynamic activity. As a second step, the potentially mobilizable sediment volumes were calculated
for several torrential systems particularly active or at risk for infrastructure, using a semi-quantitative
geomorphological method. The results show that, because of the variety of factors responsible for the debris flow
triggering, it is not possible to predict debris flow activity only from morphometrical analyses.
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Damming in semiarid, relation between landscape connectivity and effective catchment area on saco
creek watershed brazilian semiarid

SOQUZA J., CORREA A.
Federal University of Pernambuco, RECIFE, BRAZIL

The water resources management in the semi-arid has a close linkage with the annual and inter-annual
variability of precipitation, which induced the creation of a hydro infrastructure network based on construction of
dams, in special at warm semiarid zones, to use supply and irrigation to population, being essential the
management of these dams and of their contributions areas. This study tried to analyze the physical system of
the Saco creek watershed, situated in Brazil semiarid, with emphasis on the fluvial system, and from this
evaluate the issue of regional planning aimed at damming the semiarid zone. Having the landscape connectivity
as a concernandanalyzing the process of conveyance and sedimentation in semi-arid environment. For this
geomorphological and land use, mappings were analyzed, and also classifications of precipitation/runoff events,
based on average monthly runoff, that will identify the effective events of the system. The impediments
location/characteristic enables the understanding of the effective catchment area on the watershed to three
different magnitudes of runoff events. In low magnitude scenario only 33.8%, of the watershed contributed
effectively to drainage network, in moderate magnitude this value grew to 61.6%, this augment is a result of the
impediments overcoming; reaching to 70.8% in high magnitude events, this little variation is controlled by the
existence of dams which storage all sediment, including in high magnitude events, released only with dams
disruption. Landscape connectivity analysis can subside the dam management on semiarid zones; with
emphasis on capture of the sediments before they arrive in the dams, increasing its useful life.
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Debris dams on the far eastern rivers and their impact on the dynamics of riverbed transformations

MAKHINOV A., KIM V.
Institute of Water and Ecological Problems FEB RAS, KHABAROVSK, RUSSIAN FEDERATION

Forest vegetation noticeably effects the formation of the riverbed relief and the intensity of riverbed processes.
Big trees in water streams 8-10 meters wide significantly block the water flow and cause the formation of stable
broads. Fallen trees often cause changes of riverbed morphology as alluvial material starts accumulating in front
of them and broads of specific morphology are formed behind.

Big rivers up to 150 meters wide may also be blocked with debris dams. They may be the result of economic
activities in river basins. Wood cutting and forest fires disturb river runoff causing active riverbed transformations
and bank erosion. As the result more trees and debris fall into the river and dam the water flow. The last stage of
this process is the formation of numerous small river branches, where erosion is significantly lower.

Fallen trees in rivers more than 150-200 meters wide do not noticeably affect the river flow. Such rivers easily
carry even big trees, shallows being an exception. Trees in shallow places facilitate the accumulation of alluvial
matter or the formation of localized deep pools.
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Investigating morphodynamics and sediment fluxes in a river reach impacted by a series of dams using
landscape evolution modelling with CAESAR-Lisflood

POEPPL R.E.(1), KEILER M.(2), COULTHARD T.(3)

(1) Department of Geography and Regional Research, University of Vienna, Austria, VIENNA, AUSTRIA ; (2)
Institute of Geography, University of Bern, Switzerland, BERN, SWITZERLAND ; (3) Department of Geography,
Environment and Earth Sciences, University of Hull, United Kingdom, HULL, UNITED KINGDOM

Dams are often considered to have the most significant impact on rivers and concerns about the effects of dam
construction have recently increased with the rising number of dams. Dam construction generally reduces
downstream sediment fluxes which involves geomorphic changes in the affected river reaches (i.e.
upstream/reservoir aggradation, downstream degradation). With dam removal the opposite generally occurrs, i.e.
upstream degradation and aggradation in the downstream reaches. However, the situation can become more
complex in river systems that are impacted by a series of dams due to emerging feedback processes between
the river and the multiple dams. In the presented study we modelled different scenarios of dam construction and
dam removal within a river reach impacted by a series of dams using the landscape evolution model CAESAR.
The model was run with data from a small catchment located in Lower Austria. Modelled geomorphic changes
and sediment fluxes were spatio-temporally analysed and interpreted in the context of dam construction/removal.
Geomorphic changes were quantified using zonal statistics in ArcGIS, while calculated water and sediment
fluxes were analysed according to their total sediment volume and grain size distribution. In order to validate the
modelling results, sedimentological surveys were performed in the field. First analyses of the modelling results
revealed the occurrence of negative feedback processes within a series of dams restricting dam-induced
downstream erosion as well as upstream erosion after dam removal as a function of distance between dams.
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Embedded Dam Technique on River Basins in Rehabilitation Studies: The Case of the Afyonkarahisar
Dort River

SELCUK BIRICIK A.(1), EKINCI D.(2)
(1) MARMARA UNIVERSITY, ISTANBUL, TURKEY ; (2) ISTANBUL UNIVERSITY, ISTANBUL, TURKEY

Rivers possess a delicate environmentalism that depends on a regular cycle of disturbance within certain
tolerances. The geomorphological processes, plant and animal communities that inhabit the river and river
margins have evolved to adapt to their rivers own peculiar pattern of flood and drought, slow and fast current.
However floods are the most common and widespread of all natural disastersand there are many disruptive
effects of flooding on human settlements and economic activities. Dams are important in this case.There are
several types of dams. One of them is embedded dam. They prevent flooding of small areas. The concept of
embedded dam is combined with the old principle of stationary set balance to produce an alternative approach
for obtaining the steady-state distribution of the level in a dam with general release rule. Embedded dam system
shall be indicated and benefits will be determined. These are described in the case of Dort River dam in this
study.
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Coarse sediment study in small mid-mountain catchments: a multidisciplinary attitude

HARTVICH F., LANGHAMMER J., STYCH P.
Charles University in Prague, PRAGUE, CZECH REPUBLIC

Within the project "Impact of disturbances in montane landscape on the dynamics of runoff and fluvial
processes”, the distribution, analysis and monitoring of the fluvial sediment bodies were among the main
objectives, as the dynamics of the fluvial systems is known to be a sensitive indicator of the environmental
changes. The study areas are situated in the mid-mountains of the S umava Mts., a region hit with severe
landscape disturbances of both natural and human origin, namely windstorms Kyrill (2007) and Emma (2008),
and following bark-beetle infestation and consequent forest management measures including vast logging.
Recent development of technologies has enabled using new attitudes also in the fluvial geomorphology. Within
this study, we have employed some of these innovative methods. Initially, mapping of the fluvial landforms was
performed using a specially adapted form-based mapping methodics, which had two-fold advantage: it enabled
even less-experienced field workers to achieve acceptable results, and allowed very easy processing and
analysis of the data in GIS. The results were complemented with the analysis of the 1 m LiDAR DEM, thus
bringing very accurate relief properties information. Geophysical profiling using the ERT method was applied
across the studied valleys to observe the depth of the valley infill. Selected sedimentary accumulations were
measured using a ground LiDAR laser scanner, creating extremely detailed surface model, to be used as a
reference surface for future repeated measurements, thus calculating the sediment transport volumes. Finally,
granulometric analysis using a photography-based software Sedimetrics was performed on suitable
accumulations. Although the research has commenced only recently, we have already obtained a valuable data
on the current distribution of the sedimentary bodies within the studied catchments as well as a base for future
reference aiming to assess the current, disturbance-driven sediment dynamics.
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Poster presentations:

The magnitude and frequency of morphogenetic processes in small catchments (Western Tatra Mts.,
Poland)

PLACZKOWSKA E.
Institute of Geography and Spatial Management, Jagiellonian University, KRAKOW, POLAND

Small catchments 1%-3" order (according to Horton-Strahler’s classification) are very important in the sediments

and organic contents fluxes. They are a source of energy and matter for fluvial system. Thus they are transitional
segments between slope and channel systems. The aim of the paper is to recognize the magnitude and
frequency of morphogenetic processes (especially fluvial processes) in small catchments in Western Tatra Mts.
The study area is the Western Tatra Mountains within the Tatra National Park in Poland. There are three
geoecological zones in the study area — forest zone (to 1500 m a.s.l), subalpine zone (1500-1800 m a.s.l) and
alpine zone (over 1800 m a.s.l). There is morphogenetic processes differentiation within these zones, especially
above and below the timberline. The high-mountain areas are characterized by variable weather conditions. The
annual precipitation is up to 2000 mm.

The study was carried out in seven chosen valleys in the Western Tatra Mountains using field experiment with
marked debris. Three valleys are located in sub-alpine and alpine zones and four of them are located in forest
zone. The study sites were installed in channels of different order, different structure and different
hydrodynamics. Simultaneously the water level in streams and discharge were measured. The bedload
movement in small channels from 1% to 3" order is generally rare. It occurs once or twice a year but in the
uppermost part of valley it is even less frequently occurring. Distances of bedload movement generally increase
downstream and they are from less than one meter in upper stretch of 1% order channel to few meters in 2" or
3" order channels. In forest zone the distance of bedload movement can reach up to 60 meters. The occurrence
of mineral and woody debris in channels is very important. They build traps for moving debris and reduce its
removal from the catchment.
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The specificity of energy and matter circulation in the coastal, forested lake gardno catchment on Wolin
Island (NW Poland)

KOSTRZEWSKI A., TYLKOWSKI J.
Adam Mickiewicz University, POZNAN, POLAND

The operation of the morphogenetic system of lake catchments should be considered in spatial-temporal terms.
In the contemporary denudation system of such catchments the physico-chemical transformation of precipitation
plays a significant morphogenetic role. Of crucial importance for an insight into the operation of lake
geoecosystems is to establish regularities underlying the transformation of the chemical composition of
precipitation at the successive stages of the water cycle in a catchment, including throughfall, stemflow,
groundwater, and surface water. Seasonal differences in the amount and chemical composition of precipitation
determine annual variations of the load of chemical substances introduced into slope covers, and play an
important role in net denudation in the catchment.

The full forested Lake Gardno catchment is situated on the Wolin End Moraine. It's neighbourhood of the cliff
coast of Wolin Island and it has no surface outlet.

The base of the research was the AMU Environmental Monitoring Station at Biata Géra/Grodno and the period
covered was 1997 2012.

The main objectives of the work in the Lake Gardno catchment are following:
- hydrochemical transformation of precipitation

- seasonal variations of water’s hydrochemical properties

- marine aerosols influence on the chemical properties of water

- the role of the fog in the water and the elements circulation

- water and denudative balance

- model of the water cycle and the elements in the catchment.

The quantitative assessment of the energy and matter circulation in the Lake Gardno catchment is presented
here in a model of the functioning of dissolved matter in a long-term and yearly cycle.
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Monitoring programme of sediment flux in small upland catchments, SE Poland

RODZIK J.(1), JANICKI G.(1), CHABUDZINSKI L.(1), FRANCZAK L.(1), SILUCH M.(1), STEPNIEWSKI K.(1),
DYER J.(2), KOLODZIEJ G.(1), MACIEJEWSKA E.(1)

(1) Maria Curie-Sk?odowska University, LUBLIN, POLAND ; (2) Mississippi State University, MEMPHIS, UNITED
STATES

The purpose of monitoring of small upland catchments, launched in 2011, is to determine differences in sediment
and solute yields as well as in sources of material supply to the channels under conditions of land use changes in
the eastern part of the Polish Uplands. Seven catchments with an area of 12-68 km? and varying land cover were
identified, representing different lithological types of upland relief. Five subcatchments were identified within them
to determine the impact of the catchment area on the unit size of transport.

Field and laboratory investigations include the following:

- automatic recording of water levels and measurements of flows once per month;

- pH and water temperature measurements once per month;

- quantitative analysis of sediments and solutes in water samples collected once per week;

- qualitative analysis of samples collected once per month;

- quantitative analysis of water samples collected daily during flood events.

The initial research results indicate that the areas built of Cretaceous carbonate-silicate rocks— gaizes and
opokas — are characterized by the lowest rate of fluvial transport. The highest rates are found in loess areas
incised by gullies. The unit rate of sediment transport clearly decreases with an increase in catchment area, while
the rate of solute transport slightly increases.

The presented monitoring scheme is a part of the programme: “Rainstorm prediction and mathematic modelling
of its environmental and social-economic effects”, financed from the resources of the Polish National Scientific
Centre.
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The effect of landuse changes on sediment transportation in a small catchment during last 60 years

KIM J.K.(1), NAHM W.H.(1), KIM M.S.(2), YANG D.Y.(1), JEONG G.S.(3)

(1) Korea Institute of Geoscience & Mineral Resources (KIGAM), DAEJEON, SOUTH KOREA ; (2) Korean
Association of Soil and Water Conservation, SEOUL, SOUTH KOREA ; (3) Chungnam Natioinal University,
DAEJEON, SOUTH KOREA

To investigate the effect of landuse changes on sediment transportation in a small catchment, a short core from
reservoir was obtained. Reservoir sedimentation rate changes during last 60 years were reconstructed by
radionuclides, exPb-210 and Cs-137, and landuse changes from 1960’s to 2000’'s were estimated by analyzing
aerial photographs. Reservoir sedimentation rate changes can be recognized in three periods. During first period
(1940's ~ early in 1950's), reservoir sedimentation rate had increased since the construction of reservoir. During
second period (early in 1950’s ~ early in 1990's), reservoir sedimentation rates were stable relatively around 3 kg
m?a™, however, two higher sedimentation peaks occurred. During last period (early in 1990’s ~ 2003), reservoir
sedimentation rate had increased sharply. Before 1990's, the sediment transportations from a catchment to
reservoir had been changed little although the increase of forest and grassland areas and the readjustment of
rice fields had been occurred repeatedly and those landuse changes might not affect considerably the sediment
transportation. The increasing of field area and bare area due to the reduction of forest area since early in 1990’s
might be a dominant factor for the increasing the supply of sediment from a catchment, and gradually increasing
rainfall amount in this study area since 1970’s would also assist the rapid increasing of sedimentation rate.
Therefore, these results implied that land use changes and increasing rainfall caused by climate changes could
be result in huge sediment transportation in the future.
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Changes of size distribution of the raindrops against rainfall intensity in Daejeon, Korea

LIM Y.(1), KIM J.W.(1), KIM J.K.(2)

(1) Seoul National University, SEOUL, SOUTH KOREA ; (2) Korea Institute of Geoscience & Mineral Resources
(KIGAM), DAEJEON, SOUTH KOREA

To evaluate the size distribution of the raindrops under various rainfall intensities, the terminal velocity and the
size distribution of raindrops for 17 rainfall events were measured from January 2010 to August 2011 using laser-
optical disdrometer in Daejeon, Korea. The predominant drop size and median drop size (Dsg) became larger
with rainfall intensity increasing, although the value of Dsy was stabilized for rainfall intensities over 70 mm/h.
Compared to the number of raindrops esitimated by Marshall and Palmer model, the observed number of
raindrops less than 2 mm of the diameter overestimated. Gamma distribution was fitted to the number of
raindrops with each raindrop size class, however, over 3 mm for the diameter, the estimated line using by
gamma distribution enveloped the observed raindrop number. Therefore, we suggest that gamma distribution
model and Marshall and Palmer model could be employed as an upper and a lower limit of the number of
raindrops for each raindrop size class over 3 mm for raindrop diameter, respectively.
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The GPR (ground penetrating radar) use to estimate the annual rate of sediment delivery in small
catchments from Obcinele Bucovinei (the Romanian Carpathians)

LESENCIUC C.
UNIVERSITY "ALEXANDRU IOAN CUZA" IASI, IASI, ROMANIA

Among the geomorphological processes characteristic to the Romanian territory, landslides are specific to hilly
and mountainous areas. These landslides cause serious changes to both the area where they take place and its
surroundings, leading to the formation of natural-dam lakes. Lake lezer from Obcinele Bucovinei falls into this
category, being considered, based on present information, the oldest natural-dam lake from Romania.

The lakes formed by landslides represent local pools for the river deposits. They are relevant to geomorphology
but especially for hydrotechnics because anthropic lakes are far more younger than natural lakes and longer
deposition times can give a better estimation of sediment delivery.

The lake and the upstream catchment area belong to the flysch area of the Romanian Carpathians, with strong
folded sediment layers constituted from glauconitic slates, compacted clays, striped clays and clays with
globular-siderite, rocks that are prone to trigger the landslides.

The studies focused on this area have begun in 2009 when the lake and its surrounding area were surveyed with
a Leica TCR 1201 total station. Based on these surveys, an extremely-accurate digital elevation model (DEM)
was created for the present topography and of the clogged valley-sector upstream of the lake. After this, the GPR
surveys aimed to create a carbon-copy DEM of the initial valley, before the formation of Lake lezer. The overlying
of the two DEMs enabled us to estimate the sediment volume deposited in the lake. By dividing the total
sediment volume by the accumulation period (1100 years oldg and the catchment area (3.71 kmz), it resulted an
annual upstream catchment sediment delivery rate (21m3/km /year) that was smaller than the estimated rate for
other flysch areas of the Romanian Carpathians.
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Soil moisture dynamics of a Muhly grass hillslope seep system

SLATTERY M., LLADO L.
Texas Christian University, FORT WORTH, UNITED STATES

Groundwater seeps are characteristic hydrological and ecological features of many landscapes . While they exist
in a variety of environments, their extent and hydrologic characteristics are poorly understood. This study
examines the hydrology of seeps dominated by Seep Muhly grass (Muhlenbergia reverchonii) in the Grand
Prairie Ecoregion of Texas. The objective of the research is to document and quantify the soil moisture dynamics
of a hillslope hollow seep system. We monitored soil water content and matric potential for 16 months along a
slope transect within a headwater hillslope hollow containing an upslope Muhly seep. We captured seep
dynamics across a wide moisture spectrum, including extreme drought, storms, and snowmelt. In all cases, the
Muhly seep wetted first and remained at, or above, field capacity for at least three days following a precipitation
event. This is the result of local pedologic/geologic controls: these seeps sit atop fractured limestone underlain by
a subsurface clay layer, which results in water percolating to the clay, ponding, and then slowly moving
downslope on top of what is, in effect, a mid-slope aquitard. The hydrologic functioning of these seeps has both
practical and theoretical ramifications. From a practical standpoint, Muhly seep systems are being considered for
delineation as possible wetlands; the timing and extent of saturation of these systems suggests they should be.
From a theoretical perspective, the Variable Source Area (VSA) may not be adequate in capturing the full
hydrologic complexity of seeps, especially if the seeps are geologically controlled and disconnected
hydrologically from the rest of the hillslope.
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Physic Characterization of Watershed of Reibeirdo do Feijdo, in the counties of S&o Carlos, Itirapina and
Analandia ' Sao Paulo, Brazil * as Morphopedology Compartmentation subsidy

CERMINARO A., OLIVEIRA D.D.
UNIVERSIDADE DE SAO PAULO, SAO PAULO, BRAZIL

This study has as aim to study the watershed of Ribeirao do Feijdo, localized in east-center of Sao Paulo state
where ranges the counties of Sao Carlos, Analandia and ltirapina. The main objective is cartographic and
theoretical production to characterization of physical, geological, geomorphological and pedological, which
structure the landscape of watershed. The products analyses were operationalized in AecGis 9.2 software
developed by ESRI, which were used cartographic bases extracted from the letter SF-23-Y-A-1 of IBGE, Sao
Carlos grid, scale 1:50000. It is aimed with this production such materials to generate of data and information
which enable a morphopedological compartmentalization of this area.

Holistic perspective analyses of the surroundings are related to ecodynamics and ecogeopraphy prepositions
and morphopedological compartmentalization methods developed by TRICART e KILLIAN (1979), which were
propagated by Castro & Salomao (2000). The interdisciplinary understanding of the factors involved in
sculpturing the landscape attempts to uncover the relationship of matter and energy exchange between the
different factors that contribute to and define the modeled landscape, which are representing through
homogeneous units of their compartments. Therefore, the confection and description of the thematic maps are
essential to the understanding of systemic watershed, and also based on the whole idea of environment system
developed by Chistofoletti (1999).

Studies of pedo-geomorphological interactions, their dynamics and interpretations should be understood as
preliminary studies fundamental to planning, because they may allow notes to land uses, supported by
information of nature components seamlessly, synthetically processed and represented in areas homogeneous,
allowing better definition of guidelines and actions to be implemented in physical space-territorial.
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Holocene sediment dynamics for two small river catchments in Normandy (Western France)

VIEL V., LESPEZ L., DELAHAYE D., LE GOUEE P.
LETG - Caen - GEOPHEN, CAEN, FRANCE

Geomorphological and palaeoenvironmental research on Holocene sedimentation in the valleys of Normandy
provides evidence for long term fluvial system changes related to climate and human activities. In order to
evaluate erosion rates evolution and subsequent sedimentation on slopes and the valley bottom, an Holocene
sediment budget based on field data have been conducted for two small catchment localized on the sedimentary
Paris Basin (NW France). An extensive geomorphological survey was carried out for the Thue (80 km?) and the
Mue (100 km?) river catchments. Data from 41 cores and 11 hand auger cross-sections, regularly placed among
the valley bottom were used to quantify the alluvial storage and identify the stratigraphy. 18 AMS radiocarbon
dating on organic samples from core drilling were used to define the chronology of the alluvial filling. Slope
erosion was determined using 230 soil profiles description from auger coring transects within a small sub-
catchment (9 km?) and extrapolated to the entire river basin according to a soil erosion model. Results underline
an important evolution of sedimentation into the valley bottom moving from tufa and organic remains to a
widespread silty deposit (overbank and colluvial material). Quantification of alluvial and colluvial deposits indicate
that 90% of eroded sediments are stored in the watershed, preferentially on dry valleys and as alluvial deposits.
Available radiocarbon dating on the last organic deposit of the valley bottom dates the onset of silty deposits
during the end of the Bronze Age and indicates an increase in sedimentation rate during the Gallo Roman period
and Middle Age. Results are discussed in relation with the paleoenvironnemental and archaeological data
available at the local and regional scale wich suggest an important complexity slope erosion processes and
sediment redistribution into the catchment.
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The results of ravine erosion monitoring in the territory of Udmurt Respublic

RYSIN I.
Udmurt State University, IZHEVSK, RUSSIAN FEDERATION

In order to study the ravine formation mechanism and recieve some quantative characteristics of their seasonal
and annual increase some semystationary observations for the growth of more than 160 ravines at 28 key
sections located in different landscape conditions are being conducted from 1978 year. The territory of Udmurt
Respublic is located in the east of the Russian Plain in the southern part of the Vyatka-Kama interstream area.

By using the method of bench marks, located along the draine line it is possible to determine the rate of ravine
growth. At the majority of the stationaries (93 ravines) observations are carried out once a year (usually July) and
at 10 key places (46 ravines) measurements are taken twice a year (in spring and autumn). Since 1993 y. 10
ravines located in the environs of 1zhevsk are additionally observed in summer after the heavy rainfalls.

The mean velocity of ravine growth ranges greatly. The maximum index is 123 m/year. The mean velocity of
secondary ravine growth (1,4 m/year) exceeds that of the primary ravines (1,1 m/year). Bed ravines washing
away loamy, sandy, alluvial and gully deposits have the greatest many-years velocity of growth (2,2 m/year).

In the context of many years about 80% of annual ravine increase is produced by spring water draine. However
during the years of extremely heavy rainfall 90-94% of annual ravine growth is noticed at some key-places. The
growth of certain ravines may exceed annual norm in tens times.

Field stationary studies gave the opportunity to define the limit indexes of the 12 hour precipitation layer, at which
various intensity ravine erosion takes place. When this layer is less than 25 mm there is no growth of ravines at
all, when it is more than 55 mm the growth is considerable, but at 70 mm it becomes catastrophic. The intensity
and time of heavy rainfall has a great importance at this.
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Influence of soil and vegetal cover on hydrological behavior of a forested catchment in a mid mountain
environment

SERRANO MUELA P.(1), REGUES D.(1), NADAL-ROMERO E.(2)
(1) Instituto Pirenaico de Ecologia, ZARAGOZA, SPAIN ; (2) Universidad de Zaragoza, ZARAGOZA, SPAIN

The study is developed in the San Salvador forested catchment (0.92 kmz). This work presents a summary of the
analysis of the hydrological response and the main factors that favors the hydrological dynamics: soils, which
favors infiltration processes and vegetal cover, which influences on interception rates and soil processes and the
water table fluctuations (Serrano-Muela, 2012).

The hydrological response of the San Salvador catchment has been studied at annual, monthly and event scale.
The most detailed study has demonstrated the influence of antecedent conditions, the characteristics of rainfall
and the water table dynamics on the flood generation. At annual scale, three hydrological periods can be
observed: humid period, in which most of the stormflow of the year is produces and the events are more
significant; dry period, frequently without response; and finally, the transition periods showing important variability
of responses.

The interception values observed in the basin are generally high. Throughfall values obtained in the three
species confirm the influence of this process and its relation to the type of species and their phenological state.
With respect to the dynamics of groundwater levels, they are characterized by a marked seasonality, showing
rapid oscillations, a fact very typical of forest areas. This temporal dynamics revealed an effect on the
hydrological response.

The study of soils in the San Salvador catchment had revealed the enormous importance of certain soil
properties such as structure, texture and organic matter content. These structures, for example, promote the
infiltration of water and this circulation within the subsurface and the subsurface water movement.
Serrano-Muela, M.P. 2012. Influencia de la cubierta vegetal y las propiedades del suelo en la respuesta
hidrologica: generacién de escorrentia en una cuenca forestal de la montafia media pirenaica. Tesis Doctoral
Inédita. Universidad de Zaragoza. 317 pp. Zaragoza.
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Groundwater dynamics in a forests submediterranean environment

SERRANO MUELA P.(1), REGUES D.(2), NADAL-ROMERO E.(3), LANA-RENAULT N.(4)

(1) Instituto Pirenaico de Ecolog_a, ZARAGOZA, SPAIN ; (2) Instituto Pirenaico de Ecologia, ZARAGOZA,
SPAIN ; (3) Universidad de Zaragoza, ZARAGOZA, SPAIN ; (4) Universidad de La Rioja, LOGROfO, SPAIN

This work studies groundwater dynamics considering this variable as an indicator of the water content status of a
catchment, relating this dynamic to the hydrological response, which allowed us to investigate about the
identification of dominant hydrological processes in the forested San Salvador catchment.

The groundwater dynamic in this catchment is characterized by three facts:

i) The marked seasonality between the driest and wettest periods, a pattern also observed in other hydrological
variables (rainfall, evaporation, storm-flow generation, interception), as a result of the Mediterranean climatic
influence.

ii) The absence of moments in which the water table reaches the surface, indicating that during the study period
there were no surface saturation situations. The associated stormflow response occurs without saturation, which
is indicating the occurrence of subsurface runoff processes.

iii) The rapidly oscillating of water table levels, both rise and declining. This fact is largely influenced by
precipitation events, especially by its magnitude. This difference in behavior is related to forest environments,
depending on soil characteristics, which are very permeable due to its high porosity and high infiltration capacity,
especially in the shady slope.

The water table dynamics is similar in other forest environments, even in different climatic contexts. This study
demonstrates that the presence of vegetal cover is a key factor in the soil development and their hydric
properties, even more decisive than other factors (climatic or topographic).
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Lahar initiation on small upstream catchments of Merapi volcano during 2012-2013 rainy season

WIBOWO S.B.(1), MAJOR J.J.(2), PIERSON T.C.(2), MOUROT P.(3), HADMOKO D.S.(4), LAVIGNE F.(5)

(1) Université Paris 1 Panthéon-Sorbonne, PARIS, FRANCE ; (2) Cascades Volcano Observatory, USGS,
VANCOUVER, UNITED STATES ; (3) Myotis S.A.S, ECHIROLLES, FRANCE ; (4) Research Center for Disaster,
YOGYAKARTA, INDONESIA ; (5) Laboratoire de Géographie Physique, MEUDON, FRANCE

Unconsolidated tephra resulted from 2010 centennial eruption of Merapi were deposited on the upstream flank of
volcano. Although the materials are not very fresh anymore and vegetations (especially Pennistum purpureum
and Acacia decurrens) have grown fast, lahars still can be generated by rainfall events. The objectives of this
study are to compare lahar initiation process on small volcanically disturbed and undisturbed basin. We use 4 — 5
rain gauges installed within the catchment areas. Three meters long weirs are installed at the mouth of each
catchment to facilitate flow measurement using load cell and laser stage sensor. Soil moisture sensors are also
used to measure the infiltration rate of the catchments. We also measure flow depths at the up and middle
channel using pore pressure transducer. Until 10 January 2013, daily observation show that one landslide has
occurred within the volcanically disturbed basin roughly 15 m before the weir. Flow magnitude and transported
materials on disturbed basin channel are greater than on undisturbed basin channel. However, this would
change since Pennistum purpureum grows extremely fast during rainy season and may reduce surface runoff on
disturbed basin.

Keywords: volcanically disturbed basin, lahar initiation, vegetation
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Land use in floodplains: a study on the Riparian Buffer in Sub-basin river Ipiranga - River tributary
guandu / Brazil

TESTA P.M.C., RODRIGUES BARBOSA D., VIEIRA DE MELLO E., GUNDIM SILVA F., MACEDO
RODRIGUES N.

UGF, RIO DE JANEIRO, BRAZIL

According to Brazil (2007), generally, the problem of the flood risk areas in Brazil's cities can be summarized in
the following items: economic and social crisis with a long-term solution; housing policy for low-income
historically inefficient; ineffectiveness of control systems use and occupation of the soil, lack of legislation
adequate for areas susceptible to the risks mentioned, lack of technical support for the populations; popular
culture living in lowland areas.

For these reasons, the Riparian buffer demarcations (Based on the standards established by the n° 12.651/2012
federal law and by the n° 650/1983 state law) which are strips of land which coincide with the floodplains around
the rivers, lakes, and lagoons fundamental to the ecological equilibrium, offering protection for the waters, lakes
and dams and preventing the flow of pollutants into the water systems and avoiding losses of material goods,
human casualties caused by floods, and others.

The current work seeks to classify the use of land and delimit the riparian buffer in the Ipiranga water basin,
which drains a part of the municipality of Nova Iguagu, located in the Metropolitan area of Rio de Janeiro. The
intersection of the two maps will offer as a result, the spatial analysis of the existing conflicts between the
practice of environmental laws and other uses of land identified in the floodplains.

The Ipiranga water basin has an area of 2220 Km2 and it was verified that the Riparian Buffer determined by law
is 30 meters (for rivers which are less than 10 meters wide) and 50 meters at the source (according to the
forestall code). The uses of soil at the water basin were hierarchically organized as follows: pastures (31,63%),
riparian vegetation (30,02%), marshes (17.80%), urban occupation (10,24%), agriculture (9,04%) and exposed
soil (1,27%).
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Determining catchment-scale connectivity using hysteresis analysis of discharge and suspended
sediment

MASSELINK R.(1), KEESSTRA S.(1), GIMENEZ R.(2), CASALI J.(2), SEEGER M.(3)

(1) Wageningen University, WAGENINGEN, NETHERLANDS ; (2) Public University of Navarra, PAMPLONA,
SPAIN ; (3) University of Trier, TRIER, GERMANY

Recent developments in hydrology and geomorphology include the connectivity principle, which describes how
different elements in a landscape are connected and how water and matter move between these elements. So
far, studies on connectivity have been mainly of a conceptual nature, while studies that quantitatively establish
relations in connectivity are rare. In this study we have used discharge/sediment concentration hysteresis
analysis as a method to assess the connectivity in a catchment. The analyses were done on 17 years of high
quality, high resolution discharge and sediment data from two catchments in Navarre, Spain. These catchments
are assumed to have high and low connectivity respectively, enabling the test of hysteresis analysis as a
methodology for connectivity assessment. The type of hysteresis was determined for all relevant precipitation
events (N>150). In addition, the influence of soil moisture patterns and vegetation state on hysteresis types and
therefore connectivity was assessed. Results of the analysis will be compared to several indices for connectivity
and catchment complexity.

We hypothesise that for catchments with low connectivity a more clockwise hysteresis will be observed, this is,
sediment sources distributed around the catchment will not contribute to the sediment loss. Highly connected
catchments will display an anti-clockwise hysteresis, or no hysteresis (linear), which means that sediment
sources with higher distance to the outflow may contribute also to the sediment losses of the catchment. We also
hypothesize that the type of hysteresis is dependent on the time in the growing season and on soil moisture
patterns. Variability in soil moisture and vegetation patterns either connect or disconnect water and sediment
sources at different stages through time and therefore generate different hysteresis patterns.
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Contemporary functioning of peat catchments on a glaciofluvial fan. Case study: Orawska Basin, Polish
Carpathians

LAJCZAK A.
Jan Kochanowski University, Institute of Geography, KIELCE, POLAND

The paper analyzes selected aspects of the functioning of small autochthonous catchments featuring peat bogs
found across the Czarny Dunajec glaciofluvial fan in the Orawska Basin, which is located across the northern
Tatra Mountain foreland in the Western Carpathians in southern Poland. Consecutive changes in the abiotic
environment are discussed relative to increasing human pressure, which has contributed to the gradual transition
from meandering channels to braided channels: 1) changes in peat bog extent and volume, 2) changes in the
quantity of water permanently stored in peat deposits, 3) changes in groundwater stream recharge, 4) changes in
the surface stream network, 5) changes in stream channel morphology. The paper focuses on the last 160 years
of catchment evolution. The development of meandering channels common in the study area is determined by
the following factors: 1) physical ability to freely meander in an area with clayey parent material covered by peat
deposits, 2) significant supply of groundwater to stabilize stream discharge, 3) small channel gradients, 4) large
supply of fine sediments. The second factor is the most important of the four factors. The renaturalization of peat
bogs started in the 1950s and accelerated in the 1990s and has contributed to an increase in stream sinuosity
and a resulting increase in catchment water content. The paper is based on the analysis of maps from the last
230 years as well as aerial photographs, National Hydrological Survey data, extensive field research and
laboratory research.
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Oral presentations:

Time scale analysis of bedload discharge over steep slopes: from intermittency to white noise

HEYMAN J.(1), METTRA F.(1), MA H.B.(2), ANCEY C.(1)

(1) EPFL - ENAC - LHE, LAUSANNE, SWITZERLAND ; (2) Departement of Hydraulic Engineering, Tsinghua
University, BEIJING, CHINA

Bedload transport remains largely unpredictable in steep slope rivers. Comparing experimental data obtained in
a steep slope flume and a stochastic model, we show that bedload discharge statistics strongly depend on the
measurement time and spatial scale. We base our talk on a flume experiment that resolved 7 orders of
magnitude in time (from 10-2s to 105s) of solid discharge. Computing the variance of the mean solid discharge
depending on the sampling time, we distinguished three successive time scales: (1) intermittent (2) correlated
and (3) white noise limit. The intermittent time scale is the shortest and is characterized by long periods of time
without any transport. Then, we observe a correlation time scale that spread over 3 order of magnitude in time.
Correlation can result from various phenomena (bedform migration, collective motion...). The largest scale
observed corresponds to the white noise limit, and occurred for time scales larger than 103s. To understand
better the dynamics involved, we compare these results to a stochastic model that capture the basic dynamics of
particles motion. Along a one-dimensional spatial grid, particles can erode, deposit, or be advected by the flow
according to a Markov process. In the continuous limit, this process converges to a stochastic partial differential
equation (SPDE) of advection-diffusion-reaction for the variable p(x,t), the density of moving particles (or particle
activity). We theoretically derived the first and second moments of the SPDE, together with the spatio-temporal
correlation function. By integration of the later, we show that the three different scaling are well described by our
model. We point out that depending on the chosen measurement technique to sample bedload, one can expect
different statistical behaviors. Notably, we distinguish between “local” techniques that sample bedload at a given
location through time, and “spatial” techniques that sample bedload also in the spatial dimension.
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From bedform evolution to channel slope fluctuations in steep-slope streams

METTRA F.(1), HEYMAN J.(1), MA H.(2), ANCEY C.(1)

(1) Ecole Polytechniqgue Fédérale de Lausanne, LAUSANNE, SWITZERLAND ; (2) State Key Laboratory of
Hydroscience and Engineering, Tsinghua University, BEIJING, CHINA

In mountain streams, bedload transport rates are prone to strong variability. Indeed an increasing number of
laboratory and field studies in steep-slope conditions show fluctuations of bedload transport rate over several
temporal and spatial scales. This behavior is even more pronounced for intermediate flow rates (i.e., small but
frequent floods). Today, the characteristics and origins of these fluctuations are still poorly understood. One
possible explanation of these fluctuations is that the formation and migration of bedforms greatly influence
bedload transport.

To accurately investigate bedload transport rates simultaneously with channel bed evolution, we designed an
idealized laboratory experiment. A 3-m long, 8-cm wide, transparent flume was used with well-sorted natural
gravel (dsp=6.5 mm). A technigue using accelerometers has been developed to record the arrival time of every
particle at the outlet of the flume. An analysis of bedload transport rates on a wide range of time scales is thus
possible. In addition, bed elevation is monitored using cameras from the side of the channel.

First, we discuss the presence and the evolution of bedforms (antidunes in this study) for different sediment input
rates, flume angles and flow rates. Particularly, in the stationary state, the larger the sediment input rate, the
higher the mean migration velocity.

Secondly, keeping steady flow rate and constant sediment input discharge, we observe various migration
velocities and fluctuations of global channel slope. This celerity is faster when the channel slope is close to a
critical angle. When channel slope is slightly above the angle of no-erosion, the local morphologies evolve
slower. This shows that the channel bed behaves like a metastable system and bedform migration seems to be
the key mechanism of erosion at the channel scale (like avalanches on a sandpile).
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On grain blocking, step formation, sediment transport dynamics and self-organized criticality in steep
streams

MOLNAR P., SALETTI M.
ETH Zurich, ZURICH, SWITZERLAND

Steep mountain streams commonly develop a bed morphology which consists of boulders arranged into steps,
i.e. channel width-spanning structures which are separated by plunging pools. The step-pool system is a self-
organizing and self-sustaining structure. The temporary storage of sediment in steps and the release of that
sediment in avalanche-like pulses when steps collapse, leads to a complex nonlinear threshold-driven dynamics
in sediment transport. In this paper we explore the notion that the emergent properties of sediment transport and
the transient state of the bed morphology in step-pool streams are closely linked, and that the state in which
sediment transporting events due to the collapse and rebuilding of steps of all sizes occur is in some aspects
analogous to a critical state in self-organized open dissipative dynamical systems. We illustrate these notions
with cellular automaton based modeling of grain transport, blocking and release, using spectral analysis, power-
law distributions and intermittency statistics of grain counts and sediment transport rates as indicator variables.
We compare results of 1 and 2-d models with some data from flume experiments and field observatories. The
paper will address the notions of stability and equilibrium, of the attribution of cause and effect, and of the
timescales of process and form in step-pool systems.
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Critical conditions for beginning of coarse sediment transport in headwater channels based in flysch
rocks (Moravskoslezské Beskydy Mts., Western Carpathians)

GALIAT., HRADECKYy J.
University of Ostrava, Department of Physical geography and geoecology, OSTRAVA, CZECH REPUBLIC

Our contribution summarizes results of incipient of bedload transport research conducted in small headwater
streams in region of Moravskoslezské Beskydy Mts. (flysch Western Carpathians). Two methods were applied:
flood competence method and marked particle displacement method. The first one presented measuring of
diameters of largest boulders (200-400 mm) stored in to fluvial accumulations during Qzo-25 flood event (5/2010).
By contrast, transport of marked cobbles (18-152 mm) was evaluated between 11/2010-7/2011, when some
smaller events in local torrents occurred and maximal observed discharge was equal to bankfull stage (Q1-Q>).
Relationships between grain diameter and critical conditions (unit stream power, unit discharge and bed shear
stress) for incipient of motion of bed coarse sediments were developed. Generally, lower critical values for
moving of certain grain diameters were derived then they originated from other environments (e.g. Italian Alps or
Ands). This may be caused by lower bed armouring or higher sediment supply of relatively smaller particles
compared to magnitude of discharges in local evaluated headwater channels. Also there was observed some
higher dynamics of sediment transport in pool then in step in step-pool morphology systems during bankfull
flows, whereas during lower flows the opposite situation arose.
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Evaluating bedload transport in coarse alluvial streams with RFID and motion tracers

LINDSAY O., JOHNSON J.P.L.
The University of Texas at Austin, AUSTIN, UNITED STATES

Bedload monitoring efforts can be challenging because bedload transport only occurs during high flow
conditions. We present bedload data that captures both Eulerian and Lagranian transport perspectives based on
techniques developed in Reynolds Creek, Idaho, a gauged coarse alluvial stream. To date, we deployed ~1150
Radio Frequency ldentification (RFID) tracers and ~170 motion tracers. Our RFID tracers are natural or concrete
clasts embedded with RFID tags. Motion tracers are cobbles with RFID tags as well as accelerometers that log
+3 g accelerations along three orthogonal axes (x, y and z) every 10-15 min. Several tracers traveled over 6 km
with the majority traveling over 2.5 km. Because a motion tracer provides additional during-flood bedload data,
with changes in acceleration indicating movement since its last record, we use these times to constrain total
time-in-motion as well as compare tracer movement histories. We gained transport distance information by
relocating motion tracers after transport events. With displacement distances and motion timing records, we
constrained bedload velocities over several transport events. During floods, we also collected spatial RFID and
motion tracer data by installing several stationary RFID antennas that logged times and unique ID numbers as
tracers passed. Peaks in tracers passing correspond well with hydrograph peaks and we are evaluating tracer
movement relationships to rising and falling limbs of hydrographs. Unique field-based insights acquired from
combining RFID and motion tracers with stationary antennas can advance the understanding of bedload
transport in coarse alluvial streams environments.
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Bedload transport monitoring in a small upland catchment

LIEBAULT F.(1), LARONNE J.B.(2), KLOTZ S.(1), JANTZI H.(1), RAVANAT X.(1), FAVARIO J.(1)
(1) Irtsea Grenoble, SAINT-MARTIN-D'HERES, FRANCE ; (2) Ben Gurion University of the Negev, BEER
SHEVA, ISRAEL

An automatic Reid-type (or Birkbeck) bedload slot sampler was recently deployed in the Moulin catchment at
Draix (ORE Draix-Bléone) to obtain a continuous record of bedload fluxes in extreme conditions of sediment
transport. The Draix catchments in the Jurassic black marls of the Southern Prealps of Digne are recognized as
very active eroding catchments. Total annual sediment yields measured since the early 1980s reach values of
several thousands of t/km?/yr. Suspended sediment concentrations are also very high, reaching values of several
hundreds of g/l during spring and summer convective storms. Bedload transport was routinely measured at
catchment outlets by topographic surveying of sediment retention basins for almost 30 years. These data only
give the total bedload yield integrated over the duration of the event. With the deployment of a bedload slot
sampler in the Moulin catchment (drainage area: 9 ha), it is now possible to record bedload flux for a sampling
time of 20s. First results obtained with this new equipment gave information about (i) instantaneous bedload
fluxes, (ii) bedload responses to hydraulic conditions, (iii) grain size-distribution of bedload, and (iv) the regulation
effect of the channel on the bedload response. Maximum recorded instantaneous bedload fluxes are amongst
the highest ever reported in the literature. First observations also revealed fluctuating bedload responses to
shear stress between seasons, under the effect of changing channel conditions (sediment texture and channel
morphology) in the approach reach of the sampler.
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Morphodynamic and bedload displacement on a meander loop (Cher River)

DEPRET T.(1), GRANCHER D.(1), GAUTIER E.(2), HOOKE J.(3)

(1) Université Paris 1. LGP CNRS, MEUDON, FRANCE ; (2) Université Paris 8. LGP CNRS, MEUDON,
FRANCE ; (3) Liverpool University, LIVERPOOL, UNITED KINGDOM

The aim of the present study is to evaluate precisely bedload displacements in a low-energy meandering river.
The migration mechanisms of the Cher River (a Loire River tributary), have been highly constrained for decades
because of bank protections.

The morphodynamic functioning of one loop was analysed during 2 years (2010-2011 and 2011-2012) using pit-
Tags to measure the bedload displacements. Only the particles larger than Dso could be tagged. This method
allows us i) to determine the frequency of the bedload mobilization, ii) to estimate the volume carried every year
and iii) to reconstitute distances and trajectories of the bedload. Moreover, in order to estimate the efficient
discharge during the last 25 years, we used bedload transport formulae (Recking, 2010). This also allowed us to
extrapolate the type of transport (partial or total) for discharges higher than bankfull.

Despite of a high frequency of mobilization (between 29 and 87 days each year depending on the location on the
loop), the transport is never (or almost never) total. The average and the median distances of transport for both
the 2 study years and for the last 25 years can be considered very low because they are systematically lower
than the distance between 2 contiguous geomorphological units. Moreover, during the last 25 years, the average
and the median distances of transport of the upper half of the particle-size distribution are respectively of 0.35-
2.4 km and 0.2-1 km.

Because of the weakness of the current processes, meander loops, and wavelength in particular, largely seem
over-sized. The maintaining of these dimensions is interpreted as the direct consequence of bank protections:
they have resulted somewhat in a fossilization of the planform pattern.

Bibliography: Recking, A., 2010. 'A comparison between flume and field bedload transport data and
consequences for surface based bedload transport prediction’, Water Resources Research 46, 1-16.
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Linking process and form using a field data set: issues, challenges and prospects

MARQUIS G.A.(1), ROY A.G.(2)

(1) Université du Québec a Montréal, MONTREAL, CANADA ; (2) University of Waterloo, WATERLOO,
CANADA

In order to understand landscape evolution and transformation, we need to measure and model the processes
that move the material through the forms. However, transport laws that are currently available to predict
accurately sediment fluxes are not satisfactory. This is particularly true for bedload sediment transport where
multiple factors such as sediment supply or the structure of the particles on the river bed modulate the response.
Despite its complexity, bedload transport is continuously investigated as a key process driving changes in river
bed morphology. Most of the knowledge on bedload transport was acquired from flume experiments where
factors can be controlled and therefore their respective roles determined. However, there are important
limitations in the transfer of this knowledge to natural river channels where the interactions of factors may be at
play and where unsteady driving forces promote non-linear responses of the system. Bedload sediment transport
is difficult to measure in situ, especially in gravel-bed rivers where coarse particles interact and move
intermittently. Therefore, only a few field studies have collected simultaneous bedload sediment transport and
morphological changes over a sequence of several floods. Here, we present such a data set collected for 20
flood events in a small gravel-bed river, Béard Creek (Québec, Canada). The data set is used to explore various
issues and challenges on linking process and form measurements obtained in the field: (1) the methods to
analyze data collected without experimental control and in a context where contingent conditions may prevail and
(2) the scale offset between bedload sediment transport and morphological changes at the scale of a flood event.
A detailed analysis of the linkages between bedload fluxes and different aspects of river bed morphology leads
us to revisit the conceptual models of gravel-bed river dynamics.
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The impact of impoundment on sediment transport and channel bar dynamics on the Brazos River, Texas

SLATTERY M., MELCHIORS M.
Texas Christian University, FORT WORTH, UNITED STATES

Dams typically have significant geomorphic effects downstream, but impacts vary according to size of the river
and dam, hydrologic regime, environmental setting, history, and channel morphology, as well as with the purpose
and operation of the impoundment. This study examines sediment transport and channel bar response following
closure of the De Cordova Bend Dam on the Brazos River near Glen Rose, Texas. We analysed aerial
photography spanning two decades preceding and following dam construction, digitizing bar complexes along a
reach 53 river kilometers downstream of the dam. We also monitored suspended sediment and bedload
transport over a range of flow conditions, and conducted multiple channel bar surveys over one year in order to
understand short-term changes within the system. Channel bars remained relatively stable during the two
decades preceding impoundment (< 20% variation in bar area) but showed a ~ 40% reduction in area within the
first six years following impoundment. Channel bars then recovered to their approximate pre-impoundment extent
within 15 years of dam closure. We also observed significant variability over event-time scales, with channel bars
losing ~ one-third of their area following large storm events. Mean annual sediment flux totaled 6.48 million tons
per annum, with bedload accounting for 24.5% of the overall annual load. We suggest that this reach of the
Brazos is in a steady-state with respect to sediment supply and transport capacity, but recognize this as just one
of several possible reference states for the system.
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Morphodynamics of small wadis on the southern slopes of High Atlas Mountains (on the example of
upper Dades catchment, Morocco)

ROJAN E.(1), DLUZEWSKI M.(1), KRZEMIEN K.(2), BIEJAT K.(1)
(1) Faculty of Geography and Regional Studies, University of Warsaw, WARSZAWA, POLAND ; (2) Jagiellonian

University, Institute of Geography and Spatial Management, Department of Geomorphology, CRACOW,
POLAND

The research was carried out in the area of intensive morphodynamic processes caused by high rates of physical
weathering and low vegetation density in high mountains of dry climatic zones. The aim of the study was to
determine the morphodynamics of main rivers’ episodic tributaries within the area of the southern slopes of the
High Atlas Mountains. The field research was conducted in three tributary catchments in the lower, middle and
upper parts of the upper Dades catchment. The impact of the morphological characteristics of the valleys on the
amount of material supplied to the channels was analysed. The shapes of the channels, their erosional and
accumulation landforms, the amount of the slope material supplied, were used to identify morphodynamic
reaches. In the highest reaches, high amount of material received from the slopes and low river discharge had
the biggest impact on morphodynamics, which resulted in low erosion value. Downstream from there, the
increased amount of discharge was sufficient to manage with even higher amount of slope material, partly due to
considerable channel gradients. These reaches were identified as transitional with erosion dominating over
accumulation. The lowest reaches’ functioning was typical for multichannel rivers with periodical changes of their
shape. These reaches featured a balance of deposition and erosion. Their morphodynamics were driven much
less by the supply of slope material than by their morphometry, especially the width and gradient. All three
tributary basins included reaches of similar morphodynamic types, but in different proportions. These different
compositions were found to have a crucial role in the differentiation of accumulation fans’ development. This
confirmed a hypothesis that the development of the main river valleys of the High Atlas Mts. was strictly
dependent on the denudational and fluvial systems of the tributary catchments.
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Revisiting the river bar instability

CHIODI F.(1), ANDREOTTI B.(2), CLAUDIN P.(3)

(1) CNRS - ESPCI - Uni. Paris Diderot, PARIS, FRANCE ; (2) Université Paris Diderot, PARIS, FRANCE ; (3)
CNRS, PARIS, FRANCE

The river bar instability is revisited, using a hydrodynamical model based on Reynolds averaged Navier-Stokes
equations. The results are contrasted with the standard analysis based on shallow water Saint-Venant equations.
We first show that the stability of both transverse modes (ripples) and of small wavelength inclined modes (bars)
predicted by the Saint-Venant approach are artefacts of this hydrodynamical approximation. When using a more
reliable hydrodynamical model, the dispersion relation does not present any maximum of the growth rate when
the sediment transport is assumed to be locally saturated. The analysis therefore reveals the fundamental
importance of the relaxation of sediment transport towards equilibrium as it it is responsible for the stabilisation of
small wavelength modes. This dynamical mechanism is characterised by the saturation number, defined as the
ratio of the saturation length to the water depth Lsa/H. This dimensionless number controls the transition from
ripples (transverse patterns) at small Lsa/H, to bars (inclined patterns) at large Lsa/H. At a given value of the
saturation number, the instability presents a threshold and a convective-absolute transition, both controlled by
the channel aspect ratio B. We have investigated the characteristics of the most unstable mode as a function of
the main parameters, Lsa/H, B and of a subdominant parameter controlling the relative influence of drag and
gravity on sediment transport. As previously found, the transition from alternate bars to multiple bars is mostly
controlled by the river aspect ratio. By contrast, in the alternate bar regime (large Lsa/H), the selected wavelength
does not depend much on B and approximately scales as H**Ls.*/C, where C is the Chezy number.
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Combining Geotechnical and Hydro-Morphological Modelling to Investigate the Dynamics of Meandering
Rivers

ROUSSEAU Y.(1), VAN DE WIEL M.(1), BIRON P.(2)
(1) Western University of Canada, LONDON, CANADA ; (2) Concordia University, MONTREAL, CANADA

Despite decades of research on the morphological evolution of rivers, the mechanisms by which meandering
rivers form and evolve are not well understood. Nonetheless, a common feature of natural and experimental
meandering channels is that they develop in vegetated, cohesive soils. Although the effects of cohesion on river
bank stability have been assessed over relatively short reaches, it remains uncertain whether the repeated
occurrence of smaller bank failures can lead to the formation of a fully-developed meandering planform. Recent
improvements in computational power and in the efficiency of bank stability algorithms, combined with expanded
knowledge on plant properties and improved access to morphodynamics modelling tools, unlocked the potential
to undertake such investigation. This research simulates the development of a meandering river planform
through the use of a computational fluid dynamics (CFD) model, namely TELEMAC-2D. The stability of river
banks is assessed by a newly developed bank failure module that takes into account translational, rotational and
Cantilever slope failure modes. This module is coupled with TELEMAC to simulate lateral channel adjustments
along a 9 km reach (~40 channel widths) of a large river (the St. Francois River, tributary of the St. Lawrence
River, Québec) and along a 1.5 km reach (~95 channel widths) of a small semi-alluvial stream (Medway Creek,
Ontario). In both cases, detailed bathymetric survey datasets are available to calibrate and validate the model.
The modelling results are analyzed in a simple GIS software tool developed for this project to statistically quantify
the similarity in predicted flow properties and bathymetries between predicted and measured values.
Furthermore, a sensitivity analysis is run to determine the impact of different combinations of river bank and bed
properties on the resulting channel bathymetry.
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An experimental study of the grain sorting effect on braided pattern

LEDUC P., RECKING A., NAAIM M.
Irstea, SAINT MARTIN D'HERES, FRANCE

Braided rivers are characterized by complex morphologies, with several channels and their dynamics is still
poorly understood. A better understanding of braiding depending on the equilibrium state of the river (in
equilibrium, erosion or aggradation) is essential for a sustainable river management. We conducted a series of
laboratory experiments to study the influence of particle size sorting on braided river morphology.

Two series of experiments were carried out, the first with uniform sediments (0.5 to 1.5 mm with an average
diameter of 0.7 mm), and the second with a bimodal distribution consisting of a mixture of coarse and fine sands,
ranging from 1.5 mm to 3 mm with a mean diameter of 1.8 mm. Both sands have different color to facilitate
visual observations of grain sorting and to measure the spatial distribution of different grain sizes. Hydro-
sedimentary conditions were maintained constant in both cases throughout the experiment. Successive bed
topographies were measured using the Moiré method. Both sets of experiments showed different mechanisms.
The experience using uniform sediments indicates that bar morphology is controlled by the continuous
propagation of sedimentary lobes. The lobe deposit creates various morphological elements including
“sedimentary” border and large scour areas. The experience using non-uniform sediments indicate that coarse
deposits directly control the direction of flow by locally increasing the bed roughness. Paths taken by the coarse
and fine grains are different and depend on the bed roughness. Selective depositions are frequently observed
and give to the bed surface a heterogeneous composition. The geometry of the confluence of two active
channels depends on the grain size range. Indeed, the depth of the confluence area seems smaller with
heterogeneous sediment: coarse sediments are attracted in the pool, limiting thereby erosion. These
observations give us keys for understanding fields morphologies and dynamics.
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Riparian vegetation as a primary control on channel width: results and insights from the laboratory to the
field

TAL M.(1), GRAN K.(2)
(1) Aix-Marseille Université, CEREGE UMR 7330, AIX-EN-PROVENCE CEDEX 04, FRANCE ; (2) University of
Minnesota Duluth, DULUTH, MINNESOTA, UNITED STATES

Braided rivers are characterized by highly mobile channels that migrate laterally across their braidplain. Riparian
vegetation directly opposes this tendency by increasing bank strength and reducing flow velocities. This
competition, which can be expressed as a ratio of a biotic timescale to a physical timescale, constitutes a
fundamental control on the fraction of the riverbed that will ultimately remain active and the fraction that will
become incorporated into the floodplain. From a management perspective, changes in precipitation, vegetation
type, and flood control efforts are shifting the balance between lateral mobility and vegetation growth and
stabilization on a number of rivers, with implications on a range of issues from sediment transport and flood
capacity to the availability and quality of habitat for migratory waterfowl.

Laboratory experiments in which vegetation was added to a braided channel lead to the emergence of a steady-
state single-thread channel. The timescale for vegetation to establish versus the timescale for channels to
migrate the width of the braidplain was a key control on the bankfull channel width and the extent of vegetation
encroachment. The eruption of Mount Pinatubo, Philippines in 1991 filled river valleys with sand and destroyed
all vegetation, transforming the once single-thread gravel-bed rivers into braided. As sediment loading from
eruptive deposits decreases, vegetation is able to establish in the braidplain and persist through the rainy
season. Measurements of physical properties of the reemerging vegetation (root strength, stem diameter and
density, etc.) are being combined with measurements of sediment transport, lateral mobility of channels, and
aggradation rates in order quantify the competition between channel dynamics and vegetation and predict the
future equilibrium form of these rivers.
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Effects of bedload input on channel widening in a restored section of the Drau River, Austria

KLOESCH M., TRITTHART M., BLAMAUER B., HABERSACK H.
University of Natural Resources and Life Sciences, Vienna, VIENNA, AUSTRIA

Channel widening became a common measure in Austria for mitigating channel incision, improving ecological
integrity and ensuring flood protection. Recent projects aimed to limit the restoration works to removal of bank
protection, which enabled self-initiated widening through bank erosion. For now, the restored sections showed
the anticipated response to the measures. However, continued construction of hydropower plants may further
reduce the bedload input from upstream. This study now aims to test the effects of variations in reach-scale
bedload transport on the widening of the restored sections.

In a side-channel of a restored section at the Drau River, widening showed to be associated with the emergence
and accretion of bars. During a comprehensive monitoring program a mid-channel bar was observed to accrete
during higher discharges and to narrow the branch along the bank, resulting in flow acceleration and subsequent
bank erosion. Based on repeated topographic surveys, substrate sampling and measurements of flow velocities
and water levels, a two-dimensional sediment transport model was calibrated. Basket sampler measurements
conducted 20 km upstream of the restored site delivered a bedload rating curve and defined the bedload input at
the upstream boundary of the model. Series of time-lapse images helped determining the onset of fluvial erosion
along the bank toe and hydrodynamic-numerical modeling delivered the corresponding flow characteristics
leading to bank erosion.

Modelled scenarios with varied bedload input revealed that bank erosion associated with mid-channel bars may
be suppressed at reduced bedload input from upstream. Reach-scale bedload transport therefore showed to
affect the morphodynamics of restored sections and finally their widening tendencies and overall functionality.
Over short time-scale, bank erosion showed to additionally depend on the hydrograph characteristics following
the flow events.
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Experimental sediment reintroduction into the Rhine River downstream the Kembs dam: feedbacks from
repeated field measures and high resolution imagery

ARNAUD F.(1), BEAL D.(1), PIEGAY H.(1), ROLLET A.J.(2), SCHMITT L.(3)

(1) CNRS UMR 5600 EVS, LYON, FRANCE ; (2) CNRS UMR 6554 GEOPHEN-LETG, CAEN, FRANCE ; (3)
CNRS UMR 7362 LIVE, STRASBOURG, FRANCE

The Upper Rhine River has undergone several anthropogenic modifications since the last two centuries for flood
protection, navigation and hydropower generation. Channelization, groynes and damming heavily altered the 50
km-long "Old Rhine" by-passed section between Kembs and Breisach inducing channel pattern simplification,
bed incision, armouring, ecological alterations. A sediment introduction experiment has been conducted in
October 2010 within the framework of the INTERREG project “Redynamization of the Old Rhine”. This project
aimed at restoring sediment transport and recreating a variety of ecological habitats to improve the biodiversity of
the river reach. For these purposes, 23000 m?>of gravel have been injected into the channel forming a 620 m-long
and 11 m-wide deposit. A monitoring program investigated the sediment dispersion processes and the
improvements in channel morphology and grain size based on three complementary measures: 1) tracking the
displacement of 1500 particles equipped with passive integrated transponders to provide knowledge on the mass
dispersion and bedload transport rates, 2) surveying bathymetry and topography using DGPS/echosounding and
very high spatial resolution imagery to detail changes in bed geometry and sediment wave propagation, 3)
sampling the surface grain size of the aquatic channel and emerged gravel bars to characterize the size
distribution of the injected sediments excavated from the floodplain and to learn about the sorting effect with the
dispersion. Environmental benefits and potential risks for society were evaluated thanks to the four surveys
characterized between 2009 and 2013 (initial, post-injection and post-floods approx. Q. occurred in December
2010 and June 2012). Feedbacks helped to define large scale and sustainable restoration scenarios in terms of
modalities of sediment introduction (quantities, grain size distribution ...) and monitoring program to implement
(suitable evaluation indicators).
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Relationships between bank protection and forced pool characteristics in a low gradient flood prone
river, Central Norway

VATNE G.
Dept. of Geography, Norwegian University of Science and Technology, TRONDHEIM, NORWAY

Forced pools are well-known natural phenomena in mountain streams, and are attributed to constrictions in the
stream channel. However, they are not described from many other river environments. A recent detailed survey
of the lower reaches (30 km) of the flood prone river Gaula, Central Norway, has revealed a highly variable bed
profile, including many pools with residual depth exceeding 5 m. The river ha originally a low gradient (0.001)
meandering channel, but the channel is since the 1930’s strongly controlled using bank protections schemes.
The extensive bank protection is motivated from the many quick clay areas in the adjacent valley, and the many
historical quick clay slides that have been triggered by channel migration. Parallel, extensive gravel mining took
place from 1950 to 1990s (> 4 mill m3). This has drastically altered the sediment budget, and has on average
lowered the stream bed by 2 m in the investigated reaches, exposing clay along the river bed and banks. Pool
characteristics (downstream spacing, volume, exit slope, upstream gradient etc.) have been analysed to test two
hypotheses; (1) spacing and location of pools are controlled by the location of bank protections, hence being
forced pools, (2) controls of pool characteristics are similar to those found in mountain streams. The analysis
shows the majority of the deep pools to be controlled by man-made channel constrictions, but also natural
constrictions occur. There is no clear downstream trend in pool characteristics as pool volume is strongly
influenced by local channel curvature. Patches of marine clays overlaid by coarse alluvial material is observed in
pool beds, suggesting sediment starvation and active pool scouring to continue.
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Spatial and temporal patterns of channel change and bedload transport of the Wood River, Upper
Klamath Basin, USA: implications for assessing river management and restoration

HUGHES M.
Oregon Institute of Technology, KLAMATH FALLS, UNITED STATES

The Wood River in the Upper Klamath Basin of southern Oregon is a spring-fed meandering channel that
occupies a north-south sloping graben separating two major volcanic provinces, the Cascade Mountains to the
west and the northern Great Basin to the east. Incision and downstream transport of volcaniclastic sediments in
the upper watershed has graded the valley floor and emplaced an active meander belt lying approximately 1.0 -
1.5 meters below adjacent surfaces. In the lower valley, the river is channelized, leveed, and perched above
lake-fringe wetland systems that were diked, drained, and cleared of native vegetation and converted to cattle
pastures in the mid-20™ century. River management and restoration projects since the mid-1990’'s have
emphasized naturalization of meander patterns and floodplain reconstruction within the confines of levees that
separate the river from the fluviodeltaic wetland systems. Future restoration plans call for reconnecting the river
to these wetlands, however several challenges exist, including the relatively large difference in elevation between
the channel bed and adjacent wetland floor environments, seasonal backwater effects from Agency Lake near
the mouth of the river, and uncertainties regarding sediment transport that would modulate river-wetland
reconnection. Early results of an ongoing bedload measurement campaign suggest that in the absence of
backwater, the bed is continuously mobile in the lower valley, despite low stream power. Bedload rates range
from approximately 0.07 to 0.5 tons per day and generally decrease downstream. Restoration of the lowermost
reach appears to have rejuvenated bedload transport, filling a formerly channelized confluence with new bars
and vegetated benches. Downstream of this area, diversion of the river into a formerly active deltaic wetland has
restored shoal habitats that are now providing substrate for expansion of native vegetation and enhanced wildlife
habitat.
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Contemporary channel adjustments in a periurban catchment in the frame of a long-term sediment
cascade history (Yzeron, City of Lyon, France)

GROSPRETRE L.(1), SCHMITT L.(2), JACOB N.(3), DELILE H.(1), PRIVOLT G.(1), PREUSSER F.(4), COTTET
M.(1)

(1) University of Lyon, UMR 5600 CNRS, LYON, FRANCE ; (2) University of Strasbourg, UMR 7362 CNRS,
STRASBOURG, FRANCE ; (3) University of Lyon, UMR 5133 CNRS, LYON, FRANCE ; (4) Stockholm
University, STOCKHOLM, SWEDEN

The initial goal of the study was to evaluate contemporary geomorphic effects of urbanization in the Yzeron
catchment (147 km?). Many incisions were identified in headwater stream channels. Dendrochronological
analyses of riparian trees show that most of incisions began between 1970 and 1990,during which urbanization
has increased from 15 to 30%. Recentness of incisions is corroborated by stages of channel adjustments, but
many of them have beenobserved in the rural as in the periurban part of the catchment. It led us to broaden our
approach and seek further explanations in long-term landuse changes. Finally, it appeared that current channels
evolutions could not be understood without integrating the long-term sediment cascade history of the catchment.
Extensive croplands have contributed to soil erosion and significant sedimentary fill of the headwatervalley
bottomsuntil the end of the 19" century, and likely since the end of the Middle Age. During the 20™ century,
croplands weremainly replaced by grasslands and forests. It reduced soil erosion, leading to a sediment deficit
that disruptschannels stability, so that sediments accumulated during several centuries in headwater valley
bottoms are now remobilized and transported downstream. In the periurban belt of Lyon City, grasslands were
also replaced by impervious areas and storm sewers after 1950, resulting in greater frequency and intensity of
floods. When urbanization extended in a headwater basin after long-term changes in agricultural land use, the
latter two disturbances are cumulative and result in severe bed and bank erosion.

Although incisionsextend only over a relatively small part of the hydrographic network (6%), channel enlargement
ratios can reach 35 (11,7 on average) and eroded banks are mainly composed of sand (53% on average).
Headwater channel incisions are therefore an important source of fine sediment to main channels, in which sand
deposits are growing strongly.
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What Impact Does Urbanisation Have on the Depth of Bedload Sediment in Streams?

ZORRIASATEYN N., STEWARDSON M., VIETZ G., RUTHERFORD I., FLETCHER T.
The University of Melbourne, PARKVILLE, AUSTRALIA

Bedload sediment in streams provides a range of ecosystem services (e.g. instream habitat, nutrient exchange).
Urbanisation of a catchment has a significant impact on bedload transport and can upset the balance for
retention of bedload sediment. Urbanisation increases the frequency and magnitude of flows that transport
coarse-grained bedload sediment, but also affects the sources and amount of sediment reaching streams. The
resulting impact on sediment availability is not well understood. This paper examines the impact of urban
stormwater flow regimes on the threshold of sediment-carrying capability and the impact this has on the depth of
bedload sediment in stream channels. We compare sites across a gradient of urbanisation in the Melbourne
region, Australia; a) reference b) peri-urban c) urban and d) urban with stormwater harvesting. For each site a
one-dimensional hydraulic model is developed and depth of bedload is modelled as changes to the channel
boundary using the deformable bed function and quasi-unsteady flow analysis. Bed level changes are
determined for each section based on deformation of the bed boundary. For each flow scenario we demonstrate
changes to the stream bed (erosion and deposition) and verify the results against field observations. This study
demonstrates that increased urbanisation of a catchment increases sediment transport capacity and decreases
bedload sediment depth by 87.4% and 58.6% relatively at the urban sites. Since sediment supply commonly
decreases as urbanisation matures, the differences are expected to be even larger than demonstrated.
Stormwater harvesting will help mitigate morphologic changes resulting from impervious runoff, however, the
feasibility of restoring ecosystems services in urban streams with reduced sediment supply remains open and
important question for urban stream management.

Keywords: Urbanisation, Modelling, Bedload depth, Stormwater

736



S19C - Sediment fluxes and morphodynamics of stream channels

Stream incision and sediment wave consecutive to three centuries of timber floating in the Morvan Massif
(Central France)

GOB F.(1), JACOB-ROUSSEAU N.(2), LE DREZEN Y.(1), HOUBRECHTS G.(3)

(1) University Paris 1 - Pantheon-Sorbonne, PARIS, FRANCE ; (2) Université Lumiére Lyon I, LYON, FRANCE ;
(3) University of Liege, LIEGE, BELGIUM

The upper catchment of the Yonne River is nowadays usually considered as having been scarcely impacted by
human activity. At the Seine basin scale, the gravel bed streams flowing down the small forested massif of the
Morvan are even considered as of high ecological quality. However, this perception of the river changes
completely once one looks back to the recent past. Indeed these streams have been subject to intensive
industrial activity for more than 300 years, between the 16" and early 20" centuries, as Paris’ need for timber
fuel amplified. The Yonne River and all of its tributaries were heavily modified to facilitate the transportation of
timber logs towards Paris through floating on the Morvan's dense network of streams and the Yonne's and
Seine’s main channel. This activity has led to intense modifications of sediment flux still easily observable on the
present river morphology, 90 years after the floating activity ended.

Every single stream of the upper Yonne catchment was equipped with small ponds allowing the generation of
water releases, flushing the logs downstream. Historical archives allowed the discharges and the frequency of
these flushes to be calculated. Artificial floods developing specific stream powers of over 250 W/m? were
generated several times per week during wintertime in steep-sided streams that were 4 to 5 m wide. Such energy
generated a drastic increase in sediment transport and led to erosion and massive incision of the beds. A few
kilometers downstream, when the small tributaries joined the main valley, the Yonne River had a larger bed and
gentler slope. Artificial floods were thus less powerful there and sediment transport conformed more to natural
conditions. Considering the huge amount of sediment supply from upstream and the slowing down of the
sediment flux, the Yonne river bed aggrades. A perched riverbed today lies up to 1.5m higher than the floodplain
and may be seen on more than 25 km of the course.
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Recent morphological evolution of a headwater stream in agricultural context after channelization
(Ligoire River, France)

LANDEMAINE V.(1), GAY A.(2), CERDAN 0.(2), SALVADOR-BLANES S.(3), RODRIGUES S.(3)

(1) Université de Rouen - BRGM, MONT SAINT AIGNAN, FRANCE ; (2) BRGM, ORLEANS, FRANCE ; (3)
Laboratoire GEHCo, TOURS, FRANCE

In France, since the beginning of the 20" century, rural landscapes have been extensively modified by human
activities. These practices have resulted in profound sedimentary and morphological alterations (channel bed
incision, deposition of fine sediment, bank erosion, etc.), detrimental to the achievement of good status according
to the EU Water Framework Directive.

The present study takes place in this context. The main channel (21 km) of the Ligoire small stream was studied.
It drains a watershed of 82 km?, occupied by nearly 90 % of arable lands.

The objectives of the study were threefold: (1) to quantify the incision and deposition processes since the
channelization of the stream (1970), (2) to quantify the deposition rates of fine sediments in the channel, and (3)
to explain the spatial distribution of these deposits.

At first, compilation of historical documents allowed the stream original topography reconstruction just after
channelization. Then, cross sections and sediment thickness were measured at the same locations.

The results show that over the 1970-2012 period: 60% of the stream Was |nC|sed on average by -34 cm (- 0.8
cm.yr ) and the total volume of exported sedlment amounts to 16 300 m® (390 m?® yr ) 40 % of the stream bed
rose by +31 cm on average (+0.7 cm.yr™), the volume of accumulated sediment amounts to 12 400 m* (300
m? yr ) These processes of respective incision and sedimentation can be related to the channel topographic
evolution over the same period (longitudinal slope, width, etc.).

The volume of rather fine-grained sediments deposﬁed on the bed of the stream channel, measured over the
April-May 2012 period, amounted to 12 130 m?, with an average thickness of 19 cm. The distribution of these
sediments is partly influenced by the presence of five water obstacles.

Finally, the methodology developed for this study allows the use of channelization historical documents to
quantify stream sediment dynamic over several decades.
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The post-glacial evolution of Cordilleran rivers in southwestern British Columbia: timescales, texture and
topography

TUNNICLIFFE J.
University of Auckland, School of Environment, AUCKLAND, NEW ZEALAND

The rivers of British Columbia's major Cordilleran valleys have taken thousands of years to re-grade their profiles
and adjust their sedimentary character following the close of Pleistocene glaciation. As the rivers incised their
considerable glacial valley fills, a heterogeneous mix of material has been recruited to the sediment load, altering
the resistance characteristics of the river beds and changing the slope and concavity of their long profiles. We
use a 1-d model framework to study the co-evolution of the long profile and longitudinal grain size patterns in a
generic river valley model, as well as simulating aspects of the dynamics of some classic paraglacial river valleys
of British Columbia. Using reconstructed stratigraphic records of the original glacial valley fills, we employ a
surface-based transport model, coupled with a large-scale sediment budget, to examine timescales of (i) bed
degradation, (ii) reach storage and turnover, and (iii) development of the post-glacial grain-size fining profile. We
further examine factors that influence the final river profile form, such as tributaries, lateral sediment inputs, and
storage within sedimentary links. Finally, we evaluate the balance of errors introduced by hydro-climatic
reconstructions (e.g. estimates of flood recurrence), channel configuration parameters (sinuosity, cross-section,
characteristic planform) and process parameters (abrasion rates, transport formulation, active-layer
configuration).
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Aggradation and incision of the fluvial terraces in response to the change in the river regime and pattern
during the Holocene in Gujarat Alluvial Plain, western India

SRIDHAR A.
Department of Geology, The M.S>University of Baroda, VADODARA, INDIA

Aggradation and incision of the fluvial terraces in response to the change in the river regime during Holocene in
Gujarat Alluvial Plains, western India

Alpa Sridhar
Department of Geology, Faculty of Science,
M. S. University, Baroda, Vadodara

Fluvial valleys in western India have well-developed terrace systems and exposed sediment records from the
upland to the lower reaches in the river basins have been studied in order to understand the process-response
relationship of sediment erosion and accumulation to the climate and tectonic pulses. The regime based
palaeohydrological and palaeocompetence analyses have been employed to estimate the flow energy and
discharge conditions. Gravel terrace from the upland reach provides evidence of braided gravel-bed river that
switched to a gravel bed wandering fluvial style during early Holocene; the mid-late Holocene channel form
changed from wide, large-amplitude meanders to smaller meanders with decreased width/depth ratio, unit
stream power and the bed shear stresses. The discharge estimates indicate similar values to the present day
channel, albeit with a higher competence. The results suggest that discharge varied spatially and temporally
during Holocene, the incision and aggradation of the sediments was controlled by fluctuations in sediment influx
and the river responded to these changes by switching of stream patterns. Whereas the aggradation of the
gravel terrace during the early Holocene was controlled by the tectonically induced large sediment influx, the
incision that followed was in response to the increased discharge and competence. In the alluvial zone
aggradation occurred due to the fluctuating discharge conditions during mid Holocene. The later phase of
incision however was possibly independent of the discharge conditions.
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Quantifying the influence of landscape connectivity on alluvial sediment flux in the upper Yellow River

NICOLL T., BRIERLEY G.
University of Auckland, AUCKLAND, NEW ZEALAND

Landscape connectivity describes how water and sediment move through and between landscape
compartments. The strength of these linkages is a critical determinant of sediment flux at the catchment scale.
The upper Yellow River drains an area of approximately 130,000 km? within Qinghai province, western China.
Within this area, the 235km? Garang tributary catchment is a typical example of the major excavation of basin fill
sediments triggered by incision along the Yellow River. Landscapes and sediment dynamics vary dramatically
within the Garang catchment, from highly disconnected depositional landscapes dominated by broad alluvial
plains within the upper catchment (3500-3700m elevation) to the Danxia landscapes of the lower catchment
(2200-2400m) that are characterised by high rates of erosion and strong linkages between hillslope sites of
sediment generation and the channel network. Sediment volumes within these highly diverse landscapes have
been quantified using a combination of field measurement and GIS modelling, creating a generalized field-based
sediment budget. This field-based study of sediment dynamics within the Garang catchment is then used to
complement and assess a GIS-based examination of landscape connectivity within the entire upper Yellow River
basin. This large-scale examination of geomorphometric measures that estimates the degree of landscape
connectivity within the upper Yellow River breaks the landscape down into regions by dominant geomorphic
process type. The changing importance of various controls on sediment dynamics within these diverse
landscapes are examined at the catchment and regional scale.
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Trends in alluvial channel geometry: an indicator of decadal fluctuations in regional sediment supply and
local flood risk

SLATER L.J., SINGER M.B.
University of St Andrews, ST ANDREWS, FIFE, UNITED KINGDOM

Adjustments in alluvial channel geometry over multi-decadal time periods indicate regional changes in sediment
supply, but have not yet been investigated systematically over continental scales, for lack of adequate data.
Using the recently-available public dataset of USGS stream channel measurements, we applied rigorous filters to
evaluate significant trends (p<0.05) and variability in stream channel geometry as measured repeatedly in
channel cross sections (area, width, and bed elevation), between 1950 and 2012, against land-cover
characteristics (e.g., lithology, landcover) and trends (p<0.05) in annual streamflow percentiles at the same sites.
From these, we identify regional patterns in channel erosion (widening, bed degradation, and area increase) and
accretion (narrowing, aggradation and area decrease,) throughout the conterminous United States. We find that
while short-term (year-to-year) streamflow sequences drive the magnitude of local changes in channel geometry,
long-term trends (channel evolution trajectories) are indicative of regional changes in the sediment balance,
which is affected by land use and urbanization. We find that erosional trends are dominant across the continental
USA, compared to accretional trends. These decadal trends in channel geometry indicate long-term
nonstationarity in basin sediment budgets, with dramatic implications for aquatic habitat and local flood risk,
especially under the influence of a changing climate. This work highlights the importance of investigating channel
boundaries in combination with trends in flood frequency to clarify the influences of changes in sediment supply
and changes in hydrology in increasing/decreasing flood risk.
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A simple approach to understand the kinetics of the responses of the river beds to changes in the
sediment supply and hydrological regimes at the watershed scale

ALCAYAGA SALDIAS H.(1), BELLEUDY P.(2)

(1) Dept. Civil Engineering, University Diego Portales / UDP, SANTIAGO, CHILE ; (2) Université de Grenoble /
Laboratoire d'études d'étude des Transferts en Hydrologie et Environnement, GRENOBLE, FRANCE

Our objective is the assessment of the morphological behaviour of the river network at basin scale in reaction to
perturbations of the hydrological regime and of the sediment sources. For such an objective a detailed modelling
is not appropriate. On the other hand conceptual models hardly take into account the superposition of effects and
the connectivity of the branched system in the watershed.

A simplified model has been built which is based on the use of the flow duration curve and of its integration for
the evaluation of the yearly transport capacity of each homogenous river reach. A calculation is made of the
yearly transformation of the river characteristics and the consequent sediment volume is conveyed downstream
as a consequence of the connectivity of the different reaches.

Under influence of permanent disturbances, the model simulations show that rapid response of the river-bed at
the beginning of the relaxation period is followed by a much slower evolution towards a new dynamic equilibrium.
This trend in the morphological behavior is coherent with the conceptual ideas and with field observations from
the literature. The sensitivity of the dynamic responses to physical parameters included in the hydraulic and
sediment transport equations is tested. The model allows also a characterization of the forming discharge for
each of the river reaches.

This modelling has been applied for the simulation of the transformations of the Isére river system upstream of
the city of Grenoble (drainage area 5700 km?), in response to successive and superposing perturbations of the
river during the last 150 years: mainly the channelization of long river reaches, an intense gravel mining which is
now stopped, and the development of HP equipment. The model is validated by comparison of its results with
actual evolution of the river. It allows some assessment of the relative impacts of the impact of the large HP
equipment of the basin compared to the other sources of perturbations.
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Within-channel levees: a new-recognized fluvial form in the floodplain of a large river (Paran& River,
South America)

RAMONELL C.(1), MARCHETTI Z.(2), PEREIRA S.(2)

(1) Facultad de Ing. y Cs. H_dricas - Universidad Nacional del Litoral, SANTA FE, ARGENTINA ; (2) Facultad de
Ing. y Cs. H?dricas - Universidad Nacional del Litoral, SANTA FE, ARGENTINA

Bars, islands and benches are the forms classically recognized of intra-channel sedimentation in rivers. We
studied intra-channel forms in the Paran& River between the junction with the Paraguay River (27° 17’ S) and its
mouth (34° 26’ S). The floodplain in this reach extends over 32,000 km?, and is modelled by the Parana main
channel, several major branches (ca. 200 to 500 m-width) and a lot of minor channels. Shifting rates from 1
m/year to 25 m/year were recorded in the branches, and up-to 200 m/year in tracts of the main channel. Bar and
island formation, and enlargements and closures of channels are typical processes in the reach.

Inside of paleochannels or in channels with width-reduction tendencies, we found sets of parallel alluvial ridges
like to natural levees, but lying below the bankfull levels. We propose the name of “within-channel levees” (WCL)
for them, in consideration of their morphology and sedimentology. WCL could attain several km in length, and
form ridge and trough reliefs of ca. 1 m, few meters-width. They are straights or curves in planview, sometimes
like to scroll bars. Silty sediments are dominant in WCL, which are the prevailing sizes of the wash load in the
river.

Inside the active channels the WCL are coupled to hydrophytes; rooted or floating vegetation in the secondary
channels could cover significant lengths near the banks. Thus, the origin of the WCL could be related with the
trap of suspended sediments by hydrophytes within the channels.

The WCL are conspicuous features in the Parana River: they were mapped in detail downstream from 32° 04’ S,
where these forms extend over 3,000 km* forming more than 20 % of the fluvial geomorphic units of the area. On
the other hand, the WCL are a form by means of river branches adjusts to diminished formative discharges, with
siltation of fine sediments not restricted to overbank flows. The WCL recognition expands our interpretations in
the analysis of the silty strata of the floodplain.

740



S19C - Sediment fluxes and morphodynamics of stream channels

A comprehensive analysis of bedform evolution on the Rhéne River, France

PARROT E.(1), PIEGAY H.(1), TAL M.(2)

(1) Université de Lyon, CNRS UMR 5600, Environnement Ville et Société (EVS), LYON, FRANCE ; (2) Aix-
Marseille Université, CEREGE UMR 7330, AIX-EN-PROVENCE, FRANCE

Over the last 150 years the Rhone River has been heavily altered by human infrastructures along its 512 km
length between Lake Geneva and the Mediterranean Sea. The first wave of channel modifications (1860 - 1930)
consisted of dikes and groynes designed to narrow the channel and promote incision in order to facilitate
navigation. A second period of modifications (1948 - 1986) consisted of construction of canals and dams for
hydroelectricity production that bypass large reaches of the original river channel. The sum of these
anthropogenic impacts has profoundly disturbed river bedforms and sediment transport conditions along its
length.

This study examines the evolution of bedforms in response to these impacts through a comprehensive analysis
of recent and historical bathymetric data. Specifically, our focus is on quantifying how mean channel elevation
and the shape and frequency of pools and riffles have evolved. We segmented the present-day long profile into
55 homogenous reaches based on qualitative breaks, e.g. dams and tributaries, and quantitative breaks in slope
detected statistically using the Hubert test. We then use principal component analysis and cluster analysis to
identify groups of reaches with similar bedform properties. Finally, we attempt to explain this spatial organisation
through analysis of bed evolution through time in the context of natural and anthropogenic influences. Grainsize
and armour index collected along the entire length of the original river channel are used to further shed light on
bedform evolution and longitudinal geomorphic pattern.

*kkkkkkkkk

Establishment of a sedimentation monitoring system of irrigation dams in Burkina Faso: The PADI project

HALLOT E.(1), GUYON F.(2), ZANGRE A.(3), DABIRE F.(3), DE THYSEBAERT D.(4), PETIT F.(1)

(1) LHGF - University of Liege, LIEGE, BELGIUM ; (2) APEFE, OUAGADOUGOU, BURKINA FASO ; (3) DGADI
- MAH, OUAGADOUGOU, BURKINA FASO ; (4) DCENN - SPW, NAMUR, BELGIUM

Sedimentation in irrigation dams is a natural process which is accelerated by (i) an increase in solid transport as
a result of the soil degradation upstream due to poor agricultural practices and deforestation in the basins and (ii)
the erosion of the banks aggravated by adverse anthropogenic uses (sand extraction, production of bricks...).
The progressive filling of dams has as effects (i) the decrease in water amounts available for irrigation and other
uses of as fishing or livestock, and consequently an increase in conflicts of use, (ii) the degradation of the fragile
ecosystems characterizing wetlands. All these effects can produce a negative impact on the living conditions of
local populations.

Few studies on sedimentation of dams and streams in Burkina Faso have been conducted so far. However,
national-level estimates give a loss of about 2% of their storage capacity each year or a total of at least 100
million cubic meters of water lost per year.

Three pilot small-basins were selected in 3 different areas of the Nakanbe River in order to involve and build up
the capacity of a maximum of stakeholders from decentralized structures of the Ministry of Agriculture and
Hydraulic.

Research and development activities has been designed to develop knowledge, tools and techniques in order to
estimate (i) volumes of sediments deposited in impoundments by cores analysis, (i) sediment supply from
watershed by suspended and bed load sampling and (iii) by spatially distributed soil erosion and sediment
delivery model.

Finally, we improve through this project a better planning of land development at local and watershed scale in
order to significantly limit sedimentation in the infrastructure.
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Evaluation of genetic structure of erosion intensity in river basins according to the analysis of river
suspended sediment flux

GUSAROQOV A.
Kazan Federal University, Institute of Ecology and Geography, KAZAN, RUSSIAN FEDERATION

This paper uses the results of river suspended sediment flux (SSF) analysis to propose a new hydrological
method for quantitative estimation of the river bed and drainage basin (sheet erosion, rill and gully erosion)
components of total erosion intensity in river basins. The suggested method is based on the establishment of the
functional power connection between mean monthly water discharges (WD, Q(i)) and suspended sediment fluxes
(r(i)) calculated for the low-water-discharge phases of a river's hydrological regime in various (on mean annual
water discharges) years: r(i)= ax[Q(i)*u](where a, i1 are some empirical coefficients), and further extrapolation of
this connection for other phases of the hydrological regime. Thus, the extrapolation allows us to calculate (in a
long-term annual SSF) the proportions of sediments originating in river beds and drainage basins. The proposed
method is tested using a long-term (not less than 10 years) series of observations for WD and SSF of 124 chiefly
small and midsize rivers of the East-European plain, the Urals, the Eastern Carpathians, the Ciscaucasia and the
Caucasus, and Central Asian mountains, containing data on the mean monthly values of WD and SSF. The
paper also compares the method with other methods for estimating the components of erosion intensity and
SSF.

The preliminary estimation shows that along the whole array of the analyzed basins of plain and mountain rivers
the share of river-bed erosion and SSF does not exceed, on average, 8.8+1.6 % with relative minimum of
6.31+2.3 % in the medium-altitude-mountain group of Central Asian basins and with relative maximum of 11.8+3.9
% in the plain river basins.
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Anomaly suspended sediment loads and channel morphology changes in a Mediterranean catchment: the
effects of land cover and land use changes

EGOZI R.
Soil Erosion Research Station, EMEK HEFER, ISRAEL

The relation between suspended sediment concentrations (SSC) and water discharge (Q) is fundamental in
sediment transport studies characterizing the natural regime of sediment evacuation from the catchment. It is
also known that semi-arid catchment produce relatively higher SSC compare to humid catchments, therefore, it
was not surprising to find a good match in SSC-Q relation along Israel rainfall gradient.However, recent
measurements of SSC in a Mediterranean catchment at the center of the coastal area of Israel show as high
SSC (1,000-10,000 mg/L) as measured in semi-arid catchments with only half the mean annual rainfall amount
(550 vs. 240 mml/yr, respectively). A morphological change in the channel network has been observed as well:
while some channels have incised and become semi-alluvial channels, other sand-bed channels have been filled
to the top with sediments. Land cover and land use changes analysis may provide some explanation to the rapid
changes observed in the channel network morphology and sediment transport regime. The results of the study
questioning the classic and well accepted channel pattern classifications.
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Sediment tracing in the upper Hunter catchment using elemental and mineralogical composition:
Implications for catchment-scale suspended sediment (dis)connectivity and management

FRYIRS K., GORE D.
Macquarie University, NORTH RYDE, AUSTRALIA

The (dis)connectivity of longitudinal, lateral and vertical linkages in catchments drives bio-geo-chemical fluxes. Of
critical importance is the vertical exchange of water, sediment and nutrients between surface and groundwater
systems in the hyporheic zone which is most effective in gravel bed rivers where subsurface flow pathways are
created in interstitial space between clasts.

Human activities have impaired the function of this vertical exchange in river channels, but one concern is the
influx of fine-grained sediment from upstream sources that clogs the interstices of gravel beds forming a
colmation layer. One key aspect of treating this problem is to understand suspended sediment sources and the
(dis)connectivity of the catchment sediment cascade. Only then can sources be treated using river rehabilitation
techniques that either prevent erosion or promote sediment storage in catchments.

We use a case study from the upper Hunter catchment in Eastern Australia to show how release of alluvial
suspended sediment from channel bank erosion sources since European settlement has resulted in the
formation of a colmation layer along the upper Hunter River trunk stream at Muswellbrook. We use X-ray
fluorescene (XRF) and X-ray diffractometery (XRD) technology to determine the elemental and mineralogical
signature of floodplain sediment sources and the colmation layer across this 4200 km? catchment. This sediment
tracing technique allows us to construct a picture of how suspended sediment flux operates in this system. We
place this understanding in context of catchment-scale (dis)connectivity of the sediment cascade by examining
the effective catchment area from which these sources are supplied and the effective timescales over which this
dynamic is occurring. Understanding the spatial variability in sediment supply is critical for the development of
catchment action plans that treat the causes of sediment source and delivery problems rather than just the
symptoms.
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Sediment budget modelling in the northern Great Barrier Reef, Australia; without empirical data ' don't
bother!

BROOKS A., SPENCER J., OLLEY J., PIETSCH T., CURWEN G., BOROMBOVITS D., SHELLBERG J.
Griffith University, BRISBANE, AUSTRALIA

The Great Barrier Reef (GBR) World Heritage Area is an international asset under threat from terrestrial runoff,
and significant effort has been expended modelling sediment and nutrient export from reef catchments. In this
study we test the sediment budget for the Normanby catchment Cape York, Australia; a catchment previous
SedNet modelling (based on very few local empirical data) indicated is the 3rd largest contributor of sediment to
the GBR. The modelling predicted that 89% of the ~ 1.1Mt annual average suspended sediment output was
sourced from hillslope erosion, with 1% from bank erosion and 10% from Gully erosion. Following an extensive
data collection program we have established that the upper catchment contributes on average ~1.4Mt/yr of fine
sediment to the reef - a similar quantum to previous modelling, but from entirely different sources. The budget is
instead dominated by bank erosion in minor alluvial channels (54%); alluvial gully erosion (24%); colluvial gully
erosion (13%), primary channel bank erosion (8%) and hillslope erosion (~1%). Sediment storage accounts for
~55% of sediment input (1.27Mt/yr) , of which 424Kt/yr is stored in in-channel benches Sediment tracing using
fallout radionuclides confirms the budget is dominated by sub-surface sources (>80%). Geochemical tracing to
the receiving bay indicates 46% of benthic sedimentation has a terrestrial source, in contrast to previous
estimates of 4%. Of the terrestrial sources, we found that only 18% of the fine sediment is sourced from the
upper catchment (i.e. of the ~1.4Mt), with the bulk coming from erosion of the coastal plain/delta (representing an
additional = 4Mt/yr not previously considered). The study highlights that without the underpinning of empirical
data similar to that used in this study (which we would regard as an absolute minimum), any attempt to model the
system is at best, futile, and at worst likely to give completely misleading results and hence management actions.
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Poster presentations:

Mechanical and chemical erosion in three basins located in different geomorphologic provinces of Sao
Paulo State, Brazil

SARDINHA D.S.(1), CONCEICAO F.T.(2), GODOY L.H.(2)

(1) Alfenas Federal University/UNIFAL ? Science and Technology Institute/ICT, PO?0S DE CALDAS/MG,
BRAZIL ; (2) Paulista State University/Unesp ? Geosciences and Exact Sciences Institute/IGCE, RIO
CLARO/SP, BRAZIL

The present study compared the mechanical and chemical erosion in the Meio Stream (252.0 kmz), Alto
Sorocaba (670.4 kmz) and Jau River (467.16 kmz) basins located in the Geomorphologic Provinces of:
“Depressdao Periférica” in the Parana Basin eastern border; Plateaus and sierras of the East-southeast Atlantic;
and Parana Basin Plateaus, respectively. Total suspended solids (TSS) and total dissolved solids (TDS)
concentrations were analyzed by gravimetric method during the dry and rainy seasons over one hydrological
year and the outflow calculated in each basin mouth multiplying the water flow velocity by the cross section area
of the river channel. The mechanical and chemical annual erosions were calculated using the areas, average
weighted concentrations and average outflow for the three basins. The results indicate that mechanical erosion
rates were 3.25 t/km2/year to Meio Stream, 25.40 t/kmzlyear for Alto Sorocaba and 14.93 t/km2/year in Jau River.
The chemical erosion rates were 38.83 t/kmzlyear to Meio Stream, 62.55 t/kmzlyear for Alto Sorocaba and 21.57
t/km?/year in Jau River. The total annual erosion was also calculated, i.e., 11 x 10%, 59 x 10° and 17x 10° t/year
for the Meio Stream, Alto Sorocaba and Jal River basins, with approximately 70% of total solids load transported
during the rainy summer months. The largest erosion rate was obtained in Alto Sorocaba basin, due to the
lithology (phyllites, metabasics and granites) and the greater altimetry variation. In Meio Stream (diabases,
sandstones, siltstones and mudstones) and Jau River (basalts and sedimentary covers), the differences can be
explained by the lithology (highest rate of chemical erosion in Meio Stream) and altimetry variation (a higher rate
of mechanical erosion in Jau River). The interaction among rainwater, the atmosphere, rocks and declivity
controls the evolution of ground surface and, consequently, the mechanical and chemical denudation velocity on
the studied watersheds.
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Upper Drac River restoration project : restoration of a braided river bed incised in clay substratum
through sediment reloading and bed widening

LAVAL F.(1), VENTO O.(1), ESCORIHUELA F.(1), JOUSSE C.(1), KOULINSKI V.(2), BREILH B.(3), MONTANE
A.(1)

(1) Bureau d'Etudes BURGEAP, ST MARTIN D HERES, FRANCE ; (2) Bureau d'Etudes ETRM, SEEZ, FRANCE
; (3) Syndicat Mixte de la Communauté Locale de I'Eau du Drac amont (CLEDA), ST BONNET EN
CHAMPSAUR, FRANCE

The Drac River restoration project, covering a 3.5 km-long and 1%-sloped stream in the Champsaur valley
(French Alps), is based on two geomorphological observations: 1) the whole river bed is subject to a major
incision trend (up to 4 m) in clay substratum ; 2) its initial braided fluvial style tends now to a rectilinear one.

This situation is linked to upstream and downstream sediment extractions in the past decades. The last important
floods (2006, 2008, 2011) sped up this incision issue: now the river flows directly above clay substratum, leading
to a permanent and irreversible incision. The environmental impacts are major: groundwater drop (alluvial forest,
wetlands habitat mortality) ; aquatic habitat degradation (coarse armoring, fine sealing, facies homogeneity, lack
of spawning areas) ; increasing risks for land uses (treatment plant, diked lake, landslides). Without a remaining
ancient upstream weir, the backwards erosion could even propagate upstream.

Beyond ending recent upstream extraction, the project aims at restoring the braided morphology through
sediment reloading according to equilibrium profile, bed rewidening and compatible granulometry.

The pre-engineering study successively led to localize substratum altimetry, estimate the reload sediment
volume according to objective profiles, analyze available coarse sediment from old terraces and external supply,
and finally size the new bed geometry in reference to upper braided streams. The high objective profile, close to
the 1913-reference and chosen to avoid substratum contacts, requires to raise a downstream weir, to restore a
80 to 200 m active bed width and to inject a 400 000 m* volume. The ecological impacts on forest and river
habitats are minimized due to the current degradated situation ; however, ecological measures on protected
habitats and species will help fast recovery.
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The works are scheduled for the end of 2013 and appear as one of the most ambitious sediment reload projects
ever done.
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Combining field measurements and flume experiments for analysing fluvial bedload transport and
morphodynamics in steep mountain streams

BEYLICH A.A., LAUTE K.
Geological Survey of Norway (NGU), TRONDHEIM, NORWAY

Fluvial bedload transport, temporal storage and channel morphodynamics have high importance for sedimentary
budgets of steep catchments and steep mountain streams. In addition, headwater catchments and steep
mountain streams can be relevant sediment sources for lowland river systems. Since 2004 extended and
interdisciplinary field investigations on fluvial bedload transport and channel morphodynamics using a range of
different methods and techniques have been performed in a number of selected stream segments in supply-
limited fluvial systems in the inner Nordfjord (Erdalen and Bgdalen drainage basins) in western Norway. Field
studies in the Erdalen drainage basin (79.5 km?) and the Bgdalen drainage basin (60.1 km?) have included (i)
continuous channel discharge monitoring, (ii) frequently repeated surveys of channel morphometry and
granulometric analyses, (iii) different tracer techniques (painted stones, magnetic tracers), (iv) Helley-Smith and
other basket measurements, (v) horizontally installed impact sensors, (vi) underwater video filming and (vii)
extended biofilm analyses, including also controlled biofilm growing experiments with fixed baskets in selected
channels. The field studies have been combined with flume experiments for calibration of field measurements,
especially of the measurements that have been carried out with impact sensors. As a key achievement, the
entire range of different bedload component grain sizes can be covered by the applied combination of
techniques. The flux of bedload material can be quantified and is related to the spatio-temporal variability of
sediment supply / availability within the drainage basins and to temporal sediment storage within the channel
systems.
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Islands in a European mountain river: linkages with large wood deposition, flood flows and plant diversity

WYZGA B.(1), MIKUS P.(1), KACZKA R.(2), WALUSIAK E.(1), ZAWIEJSKA J.(3)

(1) Institute of Nature Conservation, Polish Academy of Sciences, KRAKOW, POLAND ; (2) Faculty of Earth
Sciences, University of Silesia, SOSNOWIEC, POLAND ; (3) Institute of Geography, Pedagogical University,
KRAKOW, POLAND

Long-term observations and recent morphological and botanical surveys conducted in the gravel-bed Czarny
Dunajec River, Polish Carpathians, were used to determine the processes and patterns governing initiation and
development of vegetated islands and their floristic complexity. Moreover, dendrochronologically estimated years
of island inception were compared with the timing and magnitude of flood flows in the period 1970-2011 to infer
about controls on the formation and persistence of islands in the river. In the high-energy, braided river, islands
originate as a result of deposition of large vegetative particles, mostly large wood, on gravel bars and the
associated vegetative regeneration of living wood or the growth of seedlings and saplings in the shelter of wood
accumulations. Tree-ring dating of the largest trees growing in particular island zones indicated a predominant
upstream island growth in the river. It results from repeated accumulation and subsequent regeneration of living
wood on the head of islands and contrasts with progressive downstream island growth in the rivers supplied with
large, stable logs of the tree species without the capability to re-sprout. The lack of islands from the years 1982-
1996 most likely reflects the removal of relatively young islands by two major floods in the 1990s. After 1997 the
occurrence of low to moderate floods facilitated the formation and persistence of islands. The plant inventory
demonstrated that species richness increased non-linearly with the increasing age, area and shoreline length of
islands. Islands supported more plant species than the riparian forest and attained comparable species richness
at an early stage of development. Fast developing, dynamic and supporting rich plant communities, islands
contribute highly to the overall floristic complexity of the river corridor and their re-establishment should be
viewed as an important factor in the restoration of hydromorphologically degraded mountain rivers.
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Geomorphological changes associated with avulsion: a case study of the feshie fan, SCOTLAND

CLARKE L.(1), WERRITTY A.(2)
(1) University of Hull, HULL, UNITED KINGDOM ; (2) University of Dundee, DUNDEE, UNITED KINGDOM

In February 1990 a major flood caused an avulsion on the Feshie fan, resulting in the main channel switching
position by 500 metres. The impact and response of fluvial systems to avulsions is a topic of ongoing debate in
fluvial geomorphology, and the Feshie fan provides an ideal case study to enhance understanding of fluvial
response to an avulsion.

The Feshie catchment drains from the Cairngorms Mountains in the Scottish Highlands yielding, at the
confluence of the River Feshie with the River Spey, an active alluvial fan. Investigating contemporary fan
processes and the stability of alluvial fans in the northern temperate zone is often hindered by excessively rapid
adjustment or large scale engineering. Uniquely the Feshie fan escapes both constraints and, despite some flood
control works and land management strategies influencing the vegetation in the area, the fan system is relatively
undisturbed and has been designated as a geomorphological Site of Special Scientific Interest (SSSI).

The historical development of the active fan downstream of the current apex is recorded in a series of large-scale
maps and aerial photographs, which have been analysed using digital photogrammetry to document the
historical evolution of the fan over the last 100 years. These data have been combined with field data, both
contemporary and collected immediately following the 1990 avulsion to determine how the morphology and flow
conditions on the lower Feshie have responded in the thirty years since the avulsion event.

It was found that the Feshie fan is still active. Preliminary analysis has shown that the position of the main
channel has altered continually over the observed period and channel switching and changes in morphology are
a characteristic feature of this system. Through reconstruction of the morphology and flow conditions pre- and
post-avulsion it is hoped that better understanding can be gained of the processes operating and driving
avulsion.
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River Preservation Project : Evaluating the erosion surface rate of river banks using temporal and spatial
analysis on 4 pilot sites of the Lanterne's Basin

LAMBERET T.
BURGEAP, LYON, FRANCE

The analysis of geodynamic activities on the Lanterne river Basin is inscribed in a local will to restore and
preserve rivers mobility and biodiversity. For the past five years, a restoration program has been implemented to
recover ecological and morphological rivers functionalities, including removal of weirs and riprap (stone
embankments) one 4 pilot sites, covering a 15.5 km-long stream in Lanterne Valley (French Vosges Range).
These rivers are characterized by a low slope (0,40 %), a meandering bed and agricultural pressure (pasture,
cultivated area), which contributes to the rivers physical alteration (old water mill, stabilization weirs, bank
protection). In this specific context, two scenarios of river management have been set: 1) the preservation of
weirs and riprap 2) their removal. The aim of the study was to quantify and compare geodynamic, ecologic and
hydraulic impacts between the two scenarios at different temporal scales (5, 10 and 20 years from now), and
more specifically to estimate erosion rate (m?/year) due to lateral erosion.

The engineering study led to determine annual erosive coefficient of every site by combining different technical
methods : diachronic analysis from historical aerial photographs (1949, 1998, 2003, 2008 and 2011), ground
investigation (bank erodibility, stream diversity, riparian vegetation, river topography, grain size distribution, riprap
deterioration rate), hydraulic modeling, calculation of hydromorphological variable (slope, tractive forces, specific
power) and evaluation of mobility potential by construction of geodynamic index (potential sinuosity, meander
evolution rate, river amplitude rate).

This exhaustive analysis enables to quantify land surface losses (in m?) and evaluate impacts of every scenario
at several temporal scales on water levels and ecologic state.

The results provide an efficient decision support tool notably for land negotiation in order to ensure an effective
area for river mobility.
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Sediment transport in a small watershed by Agricultural activities in Sao Paulo State, Brazil

SPATTI JR. E.(1), CONCEICAO F.T.(2), PINTO S.D.A.F.(2), PEREIRA L.H.(2)

(1) Paulista State University/Unesp , RIO CLARO, BRAZIL ; (2) Paulista State University/Unesp, RIO CLARO,
BRAZIL

The growing demand for geographic space conditioning direct impact on the availability of natural resources,
mainly in terms of quantity and quality of water. Thus, it is necessary to consider the processes linked to
sediment transport, whose dynamics in a natural system is changed without planning for the occupation of
slopes, due to agricultural activities. These anthropogenic influences promote the removal of vegetation and,
consequently, increase of erosive processes, which lead to the loss of agricultural lands, reduced soil fertility and
productivity, increasing the amount of sediments carried by rivers causing silting of water sources. To evaluate
this process, it was performed a monitoring of sediment transport during the period of one year in a small
watershed, i.e. Monjolo Grande Stream basin, with 30 km? of area and located in S&o Paulo State, Brazil.
Thiswatershed is composed of sandstones, with slopesranging from 20 to 45% and its predominant land use is
the sugar cane crops. The sediment transport total in this watershed was obtained through a simplified method of
Colby, which is indicated to small watershed covered by sandstones and with small average depth during the dry
season. During 2010, with an annual rainfall of about 1480 mm, it was obtained a total of 13,735x103 kg of
sediment transported from the Monjolo Grande Stream basin. January, with a total rainfall of 520 mm,
transported approximately 66% of total sediment carried out of this basin. If the total value obtained for the
sediment transport is divided by the areaof the basin, it is possible to estimate a specific sediment transport of
476x10° kg/ka/yr. The results show that the works related to sediment transport in small watershed can be
important tools in the study of denudation relief.
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Experiments and modelling of size segregation in bedload transport

BEL C., RORSMAN K., FREY P.
Irstea, SAINT-MARTIN-D'HERES, FRANCE

Bedload, the larger material that is transported in stream channels, has major consequences, for both
environmental sustainability, and flood alleviation. Computing local and even bulk quantities such as the
sediment flux in rivers is still challenging. One important reason pertains to the very wide range of grain size
leading to size segregation and drastic morphological changes. When the coarser particles of the bed are
moving, statistically dynamic void openings permit downward percolation of a large range of grain size, much
more than by spontaneous percolation. This process named “kinetic sieving”, has been studied in industrial
contexts but rarely in natural sediment transport. We present an experimental study of two-size mixtures of
coarse spherical glass beads entrained by a shallow turbulent and supercritical water flow down a steep channel.
The particle diameters were 4 and 6mm, the channel width 6.5mm and the slope 10%. The water flow rate and
the particle rate were kept constant at the upstream entrance. First only the coarser particle rate was input and
adjusted to obtain bed load equilibrium, that is, neither bed degradation nor aggradation over a sufficiently long
time. Then a very low rate of smaller particles was introduced to study the evolution of segregating smaller
particles. Particle flows were filmed from the side by a high-speed camera. A quasi-continuous region of smaller
beads developed under moving and above quasi-immobile coarser beads. The time evolution of segregating
smaller beads will be assessed. Normal and streamwise particle velocity and concentration depth profiles will be
presented. These experimental results will be compared to existing theoretical models (in particular Gray and
Chugunov, 2006).

J.M.N.T. Gray and V.A. Chugunov. Particle-size segregation and diffusive remixing in shallow granular
avalanches. Journal of Fluid Mechanics, 569:365—-398, December 2006.
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Development of Basin-Scale Models to Estimate Bed Load Sediment Flux

PITLICK J.(1), RECKING A.(2)
(1) C, C, UNITED STATES ; (2) Irstea, SAINT MARTIN D'HERES, FRANCE

The movement and storage of bed load sediment is of first-order importance in determining the form and function
of high-gradient rivers. Unfortunately, measurement programmes designed to sample bed load and quantify
fluxes are becoming increasingly rare, thus different approaches are needed to estimate transport rates and
annual sediment yields, particularly in areas with high sediment supply. In this talk we will present results from a
year-long study to develop basin-scale estimates of bed load sediment fluxes in rivers draining the French
western Alps. The study focuses on rivers draining the core of the Ecrins Massif where sediment supply appears
to be relatively high. Measurements of channel and bed material properties taken within individual river reaches
are being used with a transport relation to model bed load sediment fluxes at channel-forming discharges. An
important component of the modeling effort is to evaluate thresholds for incipient motion of bed load in steep
channels. Previous research indicates that thresholds for motion are influenced by several factors, including
channel slope, relative roughness, and the supply of sand-sized sediment. Our preliminary analysis of data from
gravel-bed rivers draining the Ecrins Massif suggests that, at channel-forming discharges, bankfull Shields
numbers are much higher than would be predicted using the standard Shields criterion. Corrections for the
effects of steep slopes and high relative roughness narrow the difference between bankfull and threshold Shields
numbers to some extent, but in many of our study reaches, the shear stress at bankfull discharge is still more
than 2 times the threshold for motion. Consequently, we estimate that, in many of our study reaches, width-
integrated bed load transport rates at bankfull discharge exceed 100 kg s™, which is comparable to measured
loads in other river systems with very high sediment supply.
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Lateral channel migration and bank erosion along the Trotus River (Eastern Carpathians)

DUMITRIU D.(1), NICULITA M.(1), OBREJA F.(2)

(1) Alexandru loan Cuza University of lasi, 1ASI, ROMANIA ; (2) Stefan cel Mare University of Suceava,
SUCEAVA, ROMANIA

River bank erosion is a natural geomorphological process specific of river channels. In many countries, including
Romania, there was little interest in quantitative measurements of river bank erosion, compared with other
processess, although it is a major process responsible for direct feeding the river channels with materials.

This poster presents preliminary results from a larger study focused on river banks as one of the sources of
sediments in the Trotus River drainage basin (4,500 kmz). A first step was to identify river reaches subject to
bank erosion, which were then classified in two groups depending on prevailing processess that trigger lateral
erosion (i.e hydraulic processess and mass movement).

In the second stage, grain size of the river bank materials was analysed as it is known that the effectiveness of
erosion depends also on the degree of cohesiveness and particle size of the deposits. With data on the amount
of the Trotus River bank erosion and bank material characteristics available, methods and quantification
techniques were chosen. Assessment of the bank erosion was made by geomorphological survey, cartographic
analysis of different map editions (1896-2010), indirect computing methods and, lately, by using Leica 3D laser
scanning techniques for river bank monitoring (laser scanner started in August 2009).

They yielded bank erosion rates varying for different river sectors between 1 and 25 m/yr and bank accretion
rates varying between 3 and 12.5 m/yr.
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Asynchronicity in floodplain processes. An example from the Dijle catchment, Central Belgium

BROOTHAERTS N., NOTEBAERT B., VERSTRAETEN G.
KU Leuven, LEUVEN, BELGIUM

Major changes in fluvial architectures appear in many Holocene floodplains of Western Europe, under influence
of changing catchment properties. Typically, organic and peaty deposits — deposited in a marshy environment
during the Early and Middle Holocene — are replaced by minorganic overbank deposits. This domination of
minorganic deposits is attributed to an increase in soil erosion due to increasing human impact during the last
few millennia. The onset of intense human land use changes is often determined based on a few or one single
dating of this transition in fluvial architecture. In this study, the temporal and spatial variability of this transition
was studied for two cross sections in the Dijle catchment, located in the Belgian loess belt.

Two study sites were selected: one in a small tributary (13 km? catchment area; floodplain width 90 m) and one in
the main trunk valley (760 km?; floodplain width 1020 m), for which the top of the peat layer was dated at several
points along a transect perpendicular to the valley axis. Datable material was handpicked for non-aquatous plant
remains, and dated using AMS radiocarbon dating. Results for the small tributary show that the end of the peat
accumulation is ranging between 376 +61 and 620 +40 cal BP (n=6). For the main trunk valley, the top of the
peat layer is even more diachronic (ranging from 715 +24 to 7415 +56 cal BP; n=15). The results indicate that for
the broad lower floodplain, sediment supply starts with low quantities only influencing peat accumulation near the
channel, while only later on the distal parts of the floodplain are affected. For the smaller floodplains, the
transitions in the floodplain are more abrupt, affecting the entire floodplain width. Overall, the observed
asynchronicity in the floodplain transitions shows that the reliability of single-core dating results can be doubted.
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Sediment transport and morphodynamics of two highly modified rivers: valley management issues and
keys for river stakeholders

CHAPUIS M.(1), DUFOUR S.(2), MACVICAR B.(1), ROY A.(1), COUVERT B.(3)

(1) University of Waterloo, WATERLOO, CANADA ; (2) COSTEL, University of Rennes 2, RENNES, FRANCE ;
(3) Artelia Group, MARSEILLE, FRANCE

A river system can be highly instable at different spatial and temporal scales. When this instability conflicts with
human landscape use, sediment fluxes and morphodynamics issues can be a key factor of river management.
We study two highly modified river systems: a large wandering gravel bed river located in the Southern French
Alps (Durance River, drainage area 14,000km2) and a small gravel bed river located in the urbanized area of
Toronto, Canada (Wilket Creek, drainage area 15km2).

Because of a growing human pressure on their valley, both rivers hydrology and morphodynamics has been
highly modified in the last 50 years, with increase in flooding risk because of the high lateral and vertical mobility
of rivers that conflict with human infrastructures. Despite the difference of scale between these two river systems,
we developed a methodology to characterize river mobility in order to give management keys for river
stakeholders.

The first step to lead to sustainable river management is to assess the mobility of the fluvial system. To do so, we
set up a topographic survey of longitudinal profile and cross-sections. Then we link migration rates with
hydrology for the studied periods.

The second step is to lead a diachronic study of migration rates of the river, based on the most relevant
orthophotographs of the system. Then we try to link this 'long term' migration rate obtained to the previous 'short
term' migration rate.

The third step of our approach is to assess the sediment fluxes that shape the river system. For gravel bed
rivers, we monitor the coarse fraction of bed sediments using a RFID tracking of gravels. These surveys give us
information concerning distance of transport and travel paths for individual particles for single events. But most of
all, we highlight a link between sediment mobility, hydrology and bedforms.

The improved knowledge of river morphodynamics then enables us to give relevant management keys for river
stakeholders.
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High frequency measurements of suspended sediment particles of the Rhone River, France

ANTONELLI C.(1), ZEBRACKI M.(1), SABATIER D.(2), GAIROARD S.(2), LAUNAY M.(3)

(1) IRSN, SAINT-PAUL-LEZ-DURANCE, FRANCE ; (2) CNRS - CEREGE, AIX-EN-PROVENCE, FRANCE ; (3)
IRSTEA, LYON, FRANCE

On the lower Rhone River, suspended sediments are monitored with a high temporal resolution in an observatory
largely devoted to contaminant survey. In order to precise contaminants affinities with particles and the role of
flood in their transport, grain-size characteristics of the suspended load have to be determined. Recently, a
LISST-Streamside has been installed to acquire grain-size distribution with a high temporal resolution. The first
step of deployment was devoted to calibrate the apparatus. A LISST-portable and a Beckman Coulter LS 13 320
were used to compare standardized samples and Rhone River samples. During that time, the LISST-Streamside
was also used to acquire grain-size analyses in the river.

First results of the inter-comparison tests indicate that:

e Calibration of the LISST-Streamside is coherent with the LISST-portable grain-size analyzer and with
the Beckman Coulter used in the lab. Nevertheless, inter-comparison also demonstrate that the finest
particles (< 3um) are overestimated. This overestimation is thought to be due to the limited number of
canals of the LISST. Also the optical model of the LISSTs cannot be adapted to the sediment matrix
which involves possible bias on the grain size characterization.

* For low level concentrations of suspended sediments, analyses are not well reproducible, that could
presume future difficulties to measure particles under low-water conditions,

In the river, we observe that:

* the average median (dso) particle size over the studied period is about 10 ym,

* the correlation between discharge and dso confirm that largest particles are moved for higher discharges.
During the only event recorded, sands represented for almost 17% of the total load in suspension,

* the evolution of grain-size distribution is variable at the hourly scale. The effects of flocculation of
suspended sediment could explain this variability as demonstrated in the literature but further analyses
have to be made to confirm this hypothesis.
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Interpretation of the fluvial dynamic from Tucum stream/SP, Brazil: sedimentary load balance and
transformations of the alluvial forms

VALEZIO E.V., PEREZ FILHO A.
UNICAMP, CAMPINAS, BRAZIL

The fluvial channels express in their typology the integrated dynamic of the physical elements constituents from
the system. The relationship between the sedimentary load and its outspread in the fluvial channels configuration
is extremely important to understand the processes that there are perpetuated, either for natural order reasons,
or anthropogenic order. For analysis and interpretation of the dynamics involved and their answers to changes in
relation to the use and occupation of land and in the lithological and pedological costitution of Tucum stream
area, located in the city of S&o Pedro, in the Brazilian state of S&o Paulo, we used the dynamic equilibrium
theory approach proposed by Hack (1960) and the general systems theory, systematized by Bertalanffy around
1930. The results analysis of the sedimentation processes and the increase of the alluvial banks along Tucum
stream was performed by collecting water samples at high and low course, as a way of understanding the
behavior of the suspended sedimentary load and its outspread in the reconfiguration of the fluvial channel forms.
Longitudinal profiles from Tucum stream were also made, based on the topographic letter in scale 1:10.000
(1978) and elaborated in situ (2012) via GPS and altimeter. Analysis of the channel changes were performed
using not orbital aerial photographs from periods of 1962 and 2000 in approximate scale 1:25.000, providing the
interpretation of the processes incidents in it. The results point to increase and insertion of alluvial banks along
the medium and low course expressed in the longitudinal profile, also allowing its correlation with the difference
between the amount of suspended solids in the sampled areas.
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The relationship between wind gaps and histosols in the Atlantic Plateau Paulista, Southeastern Brazil

DE OLIVEIRA D.
Universidade de S&o Paulo, SAO PAULO, BRAZIL

The Atlantic Plateau Paulista, in Brazil, is dominated by convex shapes, with deep valleys and high drainage
density. The layout of the drainage network depends on several factors, including the geotectonic position of the
state, extending over a Precambrian crystalline shield, bathed by the ocean and into the Paleozoic sedimentary
basin of the Parana and the climate factor. The products of erosion were accumulated negative element in the
sedimentary basin. Thus, most of the rivers moved inward, to the Paraiba do Sul River or the Parana basin. The
Serra da Mantiqueira Hills and Serra do Mar Escarpment led the formation of newer drainage on slopes steeper.
Background levels closer and lower arisen due to the post-Cretaceous tectonism in southeastern Atlantic Plateau
forced a progressive reversal of parts of the drainages that went into the interior through multiple river captures.
In this case, river captures have a relationship with soils, especially Histosols inside the wind gaps. Histosols
were found at least in four areas located in Serra do Mar Escarpment and reverse, they are: Paraiba do Sul
basin's wind gap, Guaratuba basin’s wind gap, Capivari basin’s wind gap and Cotia basin’s wind gap.

In all these cases, Histosols have an important role in the development of drainage in cases of drainage
anomalies and river captures in humid and forested tropical areas.
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The stream capture process between the rivers Tiete and Paraiba Do Sul in the Atlantic Plateau Paulista:
The case of Guararema's Elbow

PASA V., DE OLIVEIRA D.
Universidade de S&o Paulo, SAO PAULO, BRAZIL

The Atlantic Ocean formation, as a result of the separation of African and South America continental margins, in
the Southeastern region of Brazil, and especially, the Atlantic Plateau Paulista, suffered process of rifting. These
formations occur in the margins of the Atlantic Ocean and the result is the intensification of denudational
processes, reorganization of the drainage network and greater supply capacity of sediments, giving large
sedimentary packages. On the ground, occur abasement and uplift of regional blocks with the formation of
elongated and subsidence surfaces, as in the case of the Paraiba valley, between the Serra do Mar Escarpment
and Mantiqueira Hills, and more elevated areas, such as the Tieté River. The area understood by these two
important rivers is composed of ancient crystalline rocks the Brazilian Cycle, covered by Tertiary sediments, as
the S&o Paulo and Taubaté Sedimentary Basins, of large regional expression, and source material Quaternary.
In the region are found predominant faults of direction NE-SW and between the Mesozoic and the Cenozoic,
some of these faults were reactivated. In the region of Guararema, the Paraiba do Sul River reversed its
direction, as a result of stream capture, getting marked at relief the elbow of capture. Until this period, its
drainages flowed its waters at the Tieté River. Are evidences of this connection, as the current structural
alignment of drainages, of direction NE-SW, the wind gap and soil type. After the formation of drainage anomaly,
one of its branches eroded the watershed and retreated its headwaters to the adjacent drainage, capturing a
large part of its tributaries. The soil of the region is the type Histosol, commonly found in environments of
paleodrainage, also observed in other anomalies of the Atlantic Plateau Paulista.
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Sediment Dynamics and catchment connectivity at the catchment

CROKE J.(1), THOMPSON C.(1), FRYIRS K.(2)

(1) Australian Rivers Institute, BRISBANE, AUSTRALIA ; (2) Macquarie University, SYDNEY, NSW 2109,
AUSTRALIA

Although many types of connectivity are defined, overall, there is widespread recognition that the term
connectivity in any ‘geo-ecological’ sense is useful in promoting the interconnection between the morphological
components of the landscape and the material fluxes that move across, and through, the drainage basin
(Bracken and Croke, 2008). All forms of connectivity are considered relevant to the storage, residency and
delivery of sediments and pollutants within a drainage basin. Whilst recent studies have acknowledged the role of
connectivity in catchment modelling and landuse management, the lack of field data which actually measures
and quantifies it as a process in time and space hinders its widespread adoption as a practical tool in water
quality protection and river management. This is especially the case in relation to sediment connectivity.

This paper investigates the dynamics and connectivity of sediment mobilised during an extreme flood event in
southeast Queensland during the summer of 2011. The study avails of high-resolution, multi-temporal LiDAR to
assess spatial and temporal patterns of sediment movement. Spatial changes in channel capacity exert a major
control on downstream patterns of channel to floodplain connectivity. The presence of large macrochannels in
particular mid-valley which contain the majority of flood flow for this extreme event limits lateral connectivity with
the adjacent floodplain. The delivery of material downstream is not just a function of the spatial arrangement of
alluvial landforms such as buffers and barriers, it is also a product of the temporal time frame such landforms are
inundated. Some floodplains therefore act as blankets of buffers during frequent flood events whilst others
remain redundant and act as barriers except during the most extreme or catastrophic flood events.
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Intermittent suspension of sand from the bed in the Fraser River

MARQUIS G.A.(1), VENDITTI J.G.(2), CHURCH M.(3), KOSTASCHUK R.A.(2), ATTARD M.E.(2), RENNIE
C.D.(4)

(1) Université du Québec a Montréal / Simon Fraser University, MONTREAL, CANADA ; (2) Simon Fraser
University, BURNABY, CANADA ; (3) University of British Columbia, VANCOUVER, CANADA ; (4) University of
Ottawa, OTTAWA, CANADA

In sand-bedded rivers dominated by dune bedforms, bed sediments are entrained into suspension by strong and
recurrent vertical turbulent flow structures generated from the interaction between the flow and the dunes.
Understanding how these coherent flow structures (CFS) suspend bed material sediment is critical to accurately
estimate size-dependent sediment flux, yet most previous work on the link between CFS and suspension
dynamics has been qualitative in nature. Here, we examine the linkage between sediment suspension and CFS
using high frequency time-series collected in the thalweg of a 12 m deep sand-bedded section of Fraser River at
Mission, British Columbia, Canada, during the rising limb of the 2010 freshet. A Laser In-Situ Scattering and
Transmissometry (LISST-100) instrument was used to measure the concentration and grain-size distribution of
suspended sediment particles 2.5 to 500 microns in diameter at a frequency of 1 Hz. An Acoustic Doppler
Velocimeter (ADV) was mounted to the LISST in order to collect simultaneous 3D velocity at a frequency of 32
Hz. The instruments were deployed from an anchored boat to measure at-a-point velocity and sediment
concentration over 20 minutes at 5 positions in the water column forming a vertical profile. Analysis reveals that
a disproportionate amount of sediment is carried intermittently by CFS and that this effect is grain size
dependent. For the smallest grain size, 60 % of the suspended bed material flux occurs during 50 % of the time-
series and for the largest grain size, more than 90 % of the flux occurs during 50 % of the time. The increase in
flux of the largest sizes is concomitant with slower than average streamwise velocity fluctuations associated with
vertical upwelling more than 70 % of the time. These preliminary results quantify the role of CFS play in bed
material suspension dynamics and will eventually lead to a more rational understanding of the sand-bedded river
morphodynamics.
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Effects of human action on the transportation of Tucum Stream Channel in Sao Pedro, Brazil

PEREZ FILHO A.(1), VALEZIO E.V.(2), CARPI JUNIOR S.(2)

(1) Department of Geography, Geosciencies Institute, State University of Campinas (Unicamp), CAMPINAS,
BRAZIL ; (2) UNICAMP, CAMPINAS - SP, BRAZIL

River channels are essential part in understanding the dynamics of terrestrial relief sculpting, with its typology
resulting directly from the processes present in the hydrographic basin. Such transformations occur along the
time of nature through climatic and tectonic changes, and along the time of man by human activities. The
dynamism observed by geomorphological processes in areas with hot and humid tropical climate has enhanced
characteristics in soils that are susceptible to erosion. As these soils receive a considerable rain load, they
present a series of erosive forms, such as ridges, ravines and gullies, especially when inappropriately used and
occupied.

In the case of Tucum stream basin in S&o Pedro, Brazil, the anthropic variable appears as a catalyst of the linear
erosion, which, despite having a natural genesis, has been intensified by badly implemented actions by the
municipal administration. Taking into account the systemic approach to support discussions, we used aerial
photographs, bibliographic and cartographic materials, field work to collect data and observations, as a way to
analyze and interpret the changes occurred in the basin over the past 50 years. The significant variations in the
longitudinal profile of Tucum stream in recent decades has demonstrated that it is finding a new phase of
dynamic balance, mainly influenced by erosion processes located upstream.
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Event-scale sediment fluxes and morphodynamics of a semi-arid river: the influence of climate drivers
and human actions in the Lower Santa Clara River, California, USA

DOWNS P.(1), DUSTERHOFF S.(2)

(1) Plymouth University, PLYMOUTH, UNITED KINGDOM ; (2) Stillwater Sciences, BERKELEY, UNITED
STATES

The present-day morphodynamics of the 4,200 km?® lower Santa Clara River in southern California is influenced
by very high rates of sediment supply from the Western Transverse Range mountains, highly episodic rainfall
produced by an ENSO-influenced semi-arid climate, and various human activities over historical time. Available
sediment gauging records and an unusual frequency of topographic survey over the last 80 years makes it
possible to reconstruct channel morphology evolution over recent decades as a response to a number of discrete
high flow events. Such reconstruction reinforces the importance in semi-arid environments of large flow events
with return periods well in excess of bankfull recurrence interval and statistically in excess of the 3-8 year return
frequency associated with ENSO. However, the high flow event-channel morphodynamic relationship is not
simple and depends also upon other factors including human activities such as embankment construction,
tributary dam building and instream aggregate mining, the relative magnitude of tributary discharges generated
during individual storm events, and antecedent conditions wherein the greatest morphological impact generally
occurs in response to two large flood events in a single winter, such as occurred in 1969 and 2005. Reach-scale
sediment budgets of the observed fluxes and morphodynamic response are used to illustrate these various
aspects, focussing attention on the challenges inherent to defining a distinct Anthropocene fluvial response under
conditions of changing climate, and of planning sustainable management responses.
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The changes in riverbed plant cover in two rivers upstream the dam reservoir. A case study of the
Czorsztyn Reservoir in southern Poland

LIRO M.
Jagiellonian Univeristy in Krakow, KRAKOW, POLAND

Riverbed vegetation plays a key role in the erosion and sedimentation processes in a river channel, as it modifies
the direction of channel form development. To determine an effect of a dam reservoir backwater on vegetation on
the channel form | used the GIS to analyse a set of aerial photographs taken in 2002 and 2009 year after
construction of the Czorsztyn Reservoir (CR) in 1997 for two courses of the Dunajec and Biatka rivers that flow
into the reservoir. Dunajec is a sinuos, single channel river, while Biatka has a braided channel. The maximum
water stage variations in the CR reach 19.24m. During the highest water levels in the reservoir, the Dunajec and
Biatka riverbeds are flooded with reservoir water up to 1500m and 400m upstream of the reservoir. In this study
the variations in plant cover within these reaches are compared with those of the control reaches remaining
beyond the reservoir influences. In the period 2002-2009 the plant cover of the channel forms of Dunajec
increased from 46% to 71% within the backwater zone and in both years was above two times larger than that of
the control reach were was 20% and 31%, accordingly. In that period the vegetation expansion rate was 1.5
times higher within the backwater zone than that of the control. In that period the plant cover of the channel forms
of Biatka within the backwater zone remained almost unchanged and reached 14% and 16%, respectively. In the
control reach the channel plant cover was also constant but was two times larger in the years under study and
reached 30%. The higher rates of vegetation expansion on the Dunajec riverbed within the backwater zone was
caused by deposition of fine-grained sediments and channel pattern and dynamics that promote plant
development on the channel forms. Vegetation begins from the river mouth zone, where fine-grained sediments
deposit most often and runs upstream. On the Biatka riverbed such tendency is not observed because of
different channel pattern and dynamics.
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Analysis of the relationship between the dynamics of saturated areas and sediment transport in a basin in
Southern Brazil

REDIN VESTENA L.(1), KOBIYAMA M.(2)

(1) Universidade Estadual do Centro_Oeste, GUARAPUAVA, BRAZIL ; (2) Universidade Federal de Santa
Catarina, FLORIANOPOLIS, BRAZIL

The objective of the present work was to analyze the expansion and retraction dynamics of the saturated areas
and the fluvial sediment transport in the Caeté River catchment in Alfredo Wagner city, Santa Catarina State,
Brazil. The relation between the water discharge and the suspended sediment (SS) concentration were analyzed
with the hourly hydrosedimentological data obtained at the automatic stations and by field measurements. By
applying the TOPMODEL the sediment delivery ratio of the catchment was estimated and the fluvial solid
discharge was related with the saturated areas. The mean values of the total solid discharge and the sediment
delivery ratio (SDR), calculated from August 2004 to January of 2008 were 54,257.9 t/lyear and 4.23%,
respectively, with significant annual variations. The months that presented larger SDR were not equal to those
presented larger values of soil loss. In the Caeté River catchment, it was verified an intense
hydrosedimentological dynamics characterized with a potentially fragile area to the action of the erosive
processes, with high mobility of sediments, and with significant deposition amounts on the valleys bottoms and
on the slopes ruptures. The TOPMODEL presented satisfactory performance of calibration and validation. The
relationship between discharge and SS concentration has the behavior type “eight figure” where the SS
concentration peak precedes the discharge peak with the presence of more than one peak for event. The
simulated saturated-areas in relation to the total catchment area varied from 3.30% to 13.63%. The correlation of
saturated areas with SS discharge and with total solid discharge is stronger than that with SS concentration. It is
therefore conclude that the expansion and retraction dynamics of the saturated areas influences on the amount
of transported sediment along the river, being constituted in important sediment-source area, because they are
directly connected to the river course.
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Theoretical and methodical basis of study of granulometry as an indicator of formation conditions of
modern and ancient alluvial deposits

GILYAZQOV A.
KAZAN (VOLGA REGION) FEDERAL UNIVERSITY, KAZAN, RUSSIAN FEDERATION

Modern geomorphology increasingly uses quantitative tools that allow making objective comparisons and
conclusions. One group of such methods is associated with morphometric study of sediments. It includes
granulometric, morphometric and textural analysis of the material in order to determination of its origins, the
conditions of transport and accumulation, the intensity and direction of the various exogenous processes.
Granulometric analysis for determination of conditions of sediment formation (especially alluvial) is being
developed for a relatively long time. But so far, there are only very general ideas that explain the variability in the
size of transported and accumulated alluvial particles.

Granulometric features of alluvial deposits and river sediments are influenced by many factors. Importance of
these factors varies: in different natural and anthropogenic conditions some of them are the leading factors that
determine the appearance of the main features of granulometric of river sediments and alluvial deposits, and
others create more subtle variations of these basic features. Investigations on similar subjects were only made at
the local level. They considered only the individual factors affecting the granulometric of the alluvial material.

As part of this paper the posed problem is resolved on new level. Extensive quantitative data on granulometric of
contemporary river sediments and ancient alluvial deposits in the former USSR have been summarized,
mathematical-statistical model of size variability of river sediments and alluvial deposits as a function of
landscape-climatic, lithological, orographic, and anthropogenic factors has been proposed.

The solution of this problem has palaeogeographical significance. Knowing the impact of various factors on the
formation of granulometry of modern river sediments and floodplains, it is possible to reconstruct formation
conditions of ancient alluvium.
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The fluvial dynamic influences on evolution of the relief in the Pomba River Depression, Southeastern
Brazil

OLIVEIRA L., MAGALHAES JUNIOR A.
Universidade Federal de Minas Gerais, BELO HORIZONTE, BRAZIL

Located on the east region of Minas Gerais State, Southeastern Brazil, the upper Pomba River basin presents
differences regarding the morphology, despite similar climate, lithology, and free of a recognized structural
control. This suggests a decisive role of the fluvial processes on the genesis of two distinct morphological
compartments: the Pomba River Depression and the Campos das Vertentes Plateau. Aiming to test this
hypotheses, it was made the investigation, characterization, interpretation and dating by Optical Stimulated
Luminescence (OSL) method of old fluvial sediments on the main valleys which drain both morphological
compartments. The datingalso showed that recently (less than 4,000 years), watercourses belonging to the
Pomba River basin have captured channels situated at the Campos das Vertentes Plateau and belongingto the
Doce River basin. These processes may be responsible for incorporation of Campos das Vertentes Plateau
areas to the Pomba River basin, causing the retreat of the hydrographic divider, and contributing to retreat
processes of the front escarpment. The recent incision of the upper watercourses suggests a continuing
advancement of the Pomba River Depression on the Campos das Vertentes Plateau. Regionally, the fluvial
geomorphology is marked by the occurrence of alluvial levels ~25 m above the present rivers on the valleys near
the Serra da Mantiqueira scarp. It could be indicative that the depression expansion was refrained by the small
rates of the front slope retreat, at least since the deposition of this fluvial level. The depression evolution towards
the upper Pomba River basin may occur at bigger rates, what is suggested by the longitudinal profile of the main
channel and by the propension of the upper basin to have its tributaries captured by the tributaries of the medium
basin.
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Geomorphological analysis of longitudinal profiles of the river valleys in the Northern Hemisphere

SATDAROQV A.
Kazan (Volga Region) Federal University, KAZAN, RUSSIAN FEDERATION

The formation of the longitudinal profile of the river valley is an important issue of dynamic geomorphology. The
longitudinal profile of the river is a very sensitive indicator of changes in the geographical environment. It is
important to analyze the shape in various climatic and landscape conditions. Thus, the subject is to construct
longitudinal profiles in different areas of the Northern Hemisphere and geomorphological analysis of their shape.
Changes in the environment in the best way reflect the plain, zonal rivers of the middle length. Plotting of
longitudinal profiles of the rivers is based on topographic maps, and digital elevation models.

Longitudinal profiles of the rivers can be classified according to various criteria. In our research the main criteria
is a shape of longitudinal profile. Profiles are divided into 5 types: concave, convex, straight, stepped, complex
(combination of different types).

Deformation of longitudinal profiles depends on many factors. These factors include: water flow, sediment flux,
the rock composition, relief, tectonic movement, vegetation, and human activities. Best effect of these factors is
shown in the lower reaches of the rivers. Statistical calculations make it possible to quantify the impact of given
factors. The results of the research show that the greatest influence on the shape of the longitudinal profile and
on its slopes have water flow and sediment flux, and the lowest — agricultural human activity.

Curvilinear correlation coefficient between water flow and the weight average of slope of the lower reaches of
rivers is 0.73. The relationship between the sediment flux and the weight average of slope of the lower reaches
of rivers is expressed quite clearly too. Curvilinear correlation coefficient is 0.60. Longitudinal profile changes
slowly, and intensive human activities are not very affected its.
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Experimental assessment of the effectiveness of sediment transport estimates from morphological
changes

BERTOLDI W.(1), GARCIA LUGO G.A.(2)

(1) University of Trento, TRENTO, ITALY ; (2) School of Geography, Queen Mary University of London,
LONDON, UNITED KINGDOM

We present preliminary results from a set of experiments conducted in the Hydraulic Laboratory, University of
Trento. The experiments were aimed at modelling morphological dynamics and sediment transport processes in
gravel-bed rivers characterised by different channel patterns. The investigation was carried out in a flume filled
with uniform size sand (d50 equal to 1 mm) scraped at a 1% longitudinal slope, where we changed the width of
the channel (ranging from 0.15 to 1.5 m) and the water discharge (1.5 to 2.5 I/s). The set of runs covered
different morphologies: narrow, flat bed channels, migrating alternate bars, transitional / wandering systems, and
multichannel, braided networks. We monitored the experiments through continuous measurements of the
sediment transport rate at the downstream end of the flume and with a high accuracy laser survey of the bed
topography (on a point grid of 0.005 by 0.05 m). Two subsequent surveys were conducted for each experiment in
order to estimate scour and deposition volume and spatial pattern.

The coupled measurements of bedload flux and morphological change allow the assessment of the effectiveness
of sediment transport estimates from morphological budgeting, as well as the effect of different morphologies. In
particular, the investigation will highlight the proportion of bed load flux not involved in morphological changes.
Furthermore, the analysis will relate the spatial variability of scour/deposition sequences with the temporal
fluctuations of the instantaneous transport rate.
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Hydrological impacts of floods in SE Spain, September 2012

KIRKBY M.(1), HOOKE J.(2), SMITH M.(1), BARBERA G.(3), GARCIA-PINTADO J.(4), BRACKEN L.(5)

(1) University of Leeds, LEEDS, UNITED KINGDOM ; (2) University of Liverpool, LIVERPOOL, UNITED
KINGDOM ; (3) CSIC-CEBAS, MURCIA, SPAIN ; (4) University of Reading, READING, UNITED KINGDOM ; (5)
University of Durham, DURHAM, UNITED KINGDOM

The recent floods in SE Spain have been the most severe since the well documented floods of 1973, associated
with a daily rainfall in excess of 250mm. Detailed rainfall records in the Nogalte catchment from 1997-2007
showed a maximum daily rain of 120 mm, although this was not sufficient to cause widespread flow within the
main river. Using rainfall radar, it has been possible to observe the pattern of storm movement and timing with
much greater precision than in the past. Combining these data with detailed fieldwork on infiltration variability
within the Nogalte, detailed modelling of overland flow dynamics, and a distributed post-flood survey to
reconstruct peak flows across the catchment, it has been possible to identify the areas which produced the
greatest runoff and hypothesise the timing of flood generation across the catchment. Results are compared to a
analysis of small scale flooding that occurred in 1997. This allows us to evaluate the significance of remedial
measures such as check dams, and changes in land use, notably an increasing area planted to almonds, on the
generation of the flood, with implications for future practice.
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Man activity affecting the river (dis)continuum system in the Moravskoslezské Beskydy Mts. and their
forefield

SKARPICH V., HRADECKY J., DUSEK R.

Department of Physical Geography and Geoecology, Faculty of Science, University of Ostrava, OSTRAVA,
CZECH REPUBLIC

Rivers draining the Czech part of the Flysch Carpathians have been deeply incised over the last 100 years.
Regional geological settings predispose to large sediments supply in to the river systems. In case of the
sediment deficit, river channels in the weak flysch bedrock are affected by high rates of incision. Focusing on the
incision processes and causes affecting the sediment supply and transport through the river system, we studied
the contemporary changes in the Moravka, Ostravice and OlSe River basins. The highest rate of incision in the
study area was recorded in the Moravka River basin — ca. 16 cm per year in the last 40-50 years. Mean value of
incision in the Ostravice River basin is ca. 3.2 cm per year and ca. 1.2 cm per year in the OlSe River basin. Main
causes of the incision were identified as (i) decrease in sediment supply to the channels (related to the land use
and land cover changes in the study area and to the man-made channel bank stabilizations, affecting the lateral
connectivity in river system) and (ii) high number of barriers (dams or weirs), influencing the sediment transport
through the river system in longitudinal direction. Present incision processes are accelerated by the synergy of
the local geological conditions and increase in transport capacity of the rivers caused by channel narrowing and
channelization.

758



S19C - Sediment fluxes and morphodynamics of stream channels

Channel adjustments in a large gravel-bed river (Tagliamento River, ltaly): what's the role of different
sediment sources?

SURIAN N., ZILIANI L.
University of Padua, PADOVA, ITALY

The general aim of this study is to explain channel adjustments and controlling factors in a large gravel-bed river.
As for controlling factors, the aim is to assess the role of those acting at catchment and reach scales and then,
more specifically, the role of upstream sediment sources (i.e. catchment area) versus local sediment sources (i.e.
bank erosion). The Tagliamento River is large gravel-bed river in northeastern ltaly; in the study reach, 49 km
long, the morphology varies from braided to single-thread. Traditional methods for studying historical channel
changes (i.e. use of aerial photos, topographic data, field surveys) were coupled with numerical modeling (use of
CAESAR cellular model).

River channel underwent three main phases of adjustment over the last 200 years. The first two phases were
characterized by narrowing (channel width decreased from 1250 to 540 m) and incision (about 1 m); the third
phase, from the 1990s to present day, by widening (from 540 to 600 m) and slight aggradation (about 0.2 m). As
for controlling factors, we argue that the long-term channel evolution of the Tagliamento River was driven
primarily by human intervention at reach scale (i.e., sediment mining and channelization). Changes in sediment
supply in the catchment area had no, or minor, effects in the study reach, though sediment connectivity is very
high in this fluvial system. Sediment supply from bank erosion turned out to be a key factor of the most recent
channel evolution. This case study shows that over relatively short time periods (i.e. decades) local sediment
sources (i.e. bank erosion) can have a major role on channel processes, greater than upstream sediment
sources. These conclusions are notable for making prediction on future channel evolution as well as for river
management.
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Influence of bottom vegetation on sediment transport and morphodynamics

LE BOUTEILLER C., VENDITTI J.
Simon Fraser University, VANCOUVER, CANADA

Vegetation growing on the bottom of a stream is a common feature in many rivers. It interacts both with the water
flow and with sediment transport. As a result, local morphodynamics are modified.

In order to investigate the effect of bottom vegetation on sediment transport, we perform a series of experiments
in a 12-meter long and 1-meter wide flume. Flexible vegetation, made of plastic blades, is attached on the bed
over a 6-meter long section. The sediment used for the experiment is fine sand with a D50 of 0.15mm. Water and
sediment are recirculated through the system. Low and high plant densities are used. For each flow, the
experiment is run until a morphodynamic equilibrium can be defined.

Results show that the plant patch with a low density has little effect on the sediment transport. On the other hand,
the sediment transport capacity is reduced in the high-density patch. This results first in deposition at the
entrance of the plant patch. An equilibrium configuration allowing a uniform sediment flux in the flume is finally
reached by an adjustment of the be, with an increase of the bed slope in the plant patch.

We then partition the bottom shear stress in the vegetated section. The total stress is the sum of a form drag
component, due to the bedforms and the vegetation, and of a skin friction component, which is the only
component responsible for entraining sediment. As the vegetation density increases, the vegetation-induced form
drag increases while the skin friction component decreases. That's why a higher slope is needed to
accommodate a given sediment flux when vegetation is present.

Such findings indicate how morphodynamics react to changes in the vegetation coverage of a channel bottom.
They will also be helpful to improve current 2D-morphodynamic models, which do not take into account properly
the influence of bottom vegetation on sediment fluxes.
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Sediment transfer assessment in Macaé River, Rio de Janeiro, Brazil

AMADEU P., CABRAL J., LUCAS C., MONICA M.
Universidade Federal do Rio de Janeiro, RIO DE JANEIRO, BRAZIL

The knowledge of interaction of man within the landscape and the evolution of landscape has made increasingly
part of the discussions in the environmental sciences, because of the growing concern over the conditions of
natural environments, requiring further studies hydrosedimentological and on connectivity of landscapes. The
research was done in the Macaé river, northern state of Rio de Janeiro, characterized by different fluvial
environments but is largely rectified in the areas of lowland and in the higher parts there are strong influences of
the activities of agriculture, industry and tourism.The aims to assessment transfer of fluvial sediments, in the
longitudinal dimension of the channel.The methodology of the study was based on analysis of load and
suspended sediments collected in field work between the 5-year (October 2007 to October 2012), with analysis
in the laboratory to the load sediments and suspended sediment. The analysis of hydrological data of rainfall and
fluvial discharge was sourced from the site HIDROWEB, ANA (National Water Agency). Furthermore, were used
images of Google Earth (1:10.000) for the 2003, 2006 and 2010 years to the sectorization of fluvial
environments. The Macaé river has four fluvial environments with distinct behaviors of sediments transfer and
can be characterized as partially connected. The most sediment retention tends to concentrate in the medium
course of the river, with presence of sandy depositional features (lateral, longitudinal, submerged) due
geomorphological conditions of the area, as sinuosity, slope, providing small transport coarse sediment, except
in extreme events. The understanding of the relationship between environments can be a indicator of possible
imbalances in the internal system as well as the consequences of the changes introduced in the environmental
system, are needed for studies involving better ways of planning and management for the watershed.
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Quantifying fluvial sediment transport in a mountain catchment in Upper Styria (Austria) using sediment
impact sensors

SASS 0.(1), STANGL J.(2), SCHNEIDER J.(3), HARB G.(3)

(1) Institut f_r Geographie und Raumforschung, GRAZ, AUSTRIA ; (2) Institut f?r Geographie und
Raumforschung, GRAZ, AUSTRIA ; (3) Institut fuer Wasserbau, GRAZ, AUSTRIA

Sediment transport in river systems is a recurrent problem for geomorphological sediment budget studies, natural
hazard assessment and river engineering. However, bedload measurements at alpine torrents are rare; in Styria,
they are altogether missing. Due to a catastrophic flooding event in 2011, we chose the catchment of the
Schdéttlbach in the upper Mur river valley as our study area. In the framework of the ClimCatch project, we aim to
develop a conceptual model of coupled and decoupled sediment routing to quantify the most prominent sediment
fluxes and sediment sinks, combining geomorphological and river engineering techniques. Diachronous Airborne
and Terrestrial Laser Scans provide an overview of mass fluxes on the slopes and in the channels whileground-
penetrating radar and 2D-surveys aim at quantifying the volume of temporary sediment stores. The total output of
the catchment is quantified by means of repeated surveys of a sediment retention basin at the outlet.

Besides sediment sinks and total sediment output, sediment transport in the torrents is of particular interest. We
use sediment impact sensors (SIS) which were installed in several river sections in the main stretch of the
Schéttlbach and in its tributaries. The SIS consist of an acceleration sensor installed underneath a steel plate
mounted in the riverbed. The number of clast impacts is recorded in a nearby logger-case. Our measurements
focus on the representative sub-catchments and deliver values on the in- and output of river sections. Tests and
calibration have been carried out in an artificial channel at the Water Engineering laboratory of the TU Graz; the
sensors are sensitive enough to record impacts of particles > 5 mm. The SIS were installed in winter 2012/13;
further calibrations are currently carried out in the field using mobile basket samplers. First results allow us to
derive the start of sediment transport in dependence of precipitation and runoff.
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Dynamic of sediments monitoring by terrestrial laserscanner, application to quantify sediment yield of
four torrents in French Alps

BERTHET J., ASTRADE L., JAILLET S., PLOYON E.
Edytem, LE BOURGET DU LAC, FRANCE

High resolution topography modeling by terrestrial laserscan (TLS) is becoming a commonly used tool in fluvial
geomorphology. The main goal of this method is to make diachronic comparisons, then quantify accurately
sediment dynamic or survey changing channel morphology of a delimited river section. The general aims of our
research are to get thesediment budgets of four torrents in the French Alps (Creusaz and Arveyron d'Argentiéere,
in Mont-Blanc massif, Glaciere in Chartreuse massif and Lampe in Vercors massif), to attempt to extrapolate
results to quantify sediment yield in order to have a better understanding of the coupling processes between
channels and hillslopes. We have tried to acquire one or two topographic models foreach year. Reaches studied
are between 150 and 400 meters long and 5 and 40 meters wide. Sediment transport can be proceeded by
debris flows (Lampe and Glaciére) or bedload (Creusaz and Arveyron). Torrents may also be held by dikes and
checks dams or still be a natural stream. Thus, diversity of environmental requirement is an important parameter
which will influence data quality.

Results differ depending on which torrent is studied. Concerning Lampe torrent, where the topographic follow up
began in 2004, the diachronic comparison of models shows outstanding movement of debris flows. Sediment
yield is relatively easy to understand. Concerning Mont-Blanc massif, the first TLS model is three years old. We
have also included in our results other previous data as GPS or aerial LIDAR topographic models. On these
latter torrents, channel changing is more complex and the interpretation of theresults has to involve the
importance of sediment management. Almost each autumn, between 50cm to 1m of gravels is extracted on the
downstream of the Creusaz reach. But as the floor level is the same at the beginning ofeach summer, before
flood events, we can estimate and compare the volume of sediment deposits.
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Suspended Sediment Yield in a Subtropical Watershed

OLIVEIRA F., HAAK L.
Federal University of Parana, CURITIBA, BRAZIL

The study aimed to analyze the variation of suspended sediment yield at different points of the 88 km long
Cubatdo River and its main tributary, located in Santa Catarina State, southern Brazil. The 490 km? watershed is
composed mainly by three different environments: the coastal plain, the scarps of the Serra do Mar mountain
range and the Atlantic Plateau, with an altitude variation of 1,500 m. The diversity of structural and morphological
features has strong influence in the rain distribution pattern, in the vegetation distribution and organization of the
drainage network. Those conditions, on its turn, influence river dynamics which reflects on discharge and
suspended sediment yield patterns. Discharge, turbidity and suspended sediment concentration were monitored
monthly over a period of five years at three different points along the Cubatéo River, located in the plateau (point
1), at base of the escarpments (point 2) and at the border of the coastal plain (point 3), as well as at one point in
its main tributary located just before their confluence (point 4). Results indicate a clear distinct hydrological and
hydrossedimentological behavior within the watershed, with substantially different suspended sediment vyield
patterns. Suspended sediment concentration may proportionally decrease or increase with discharge variation at
the different monitoring points. On the other hand, general suspended sediment yield per unit area decreases
from the plateau to the coastal plain despite the increase of drainage area and number of tributaries. Differences
in suspended sediment concentrations at the monitoring points can be related not only to relief structure and
pluviometric distribution, but also to land use characteristics.
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Sediment transport by tidal river management

KEESSTRA S.(1), VAN MINNEN J.(1), DE DIE L.(1), KHAN S.A.(2), WESTER F.(1)

(1) Wageningen University, WAGENINGEN, NETHERLANDS ; (2) Bangladesh University of Engineering and
Technology, DAHKA, BANGLADESH

Bangladesh forms part of the largest fluvio-deltaic system in the world, the Ganges-Brahmaputra-Meghna delta.
The delta receives sediment from both rivers draining the Himalayas and from the sea with tidal rivers as
transporters. In this study we focused on the sediment dynamics by tidal river management in a tidal river in the
south west delta between Khulna and Jessore.

In this complex system, the sediment dynamics are dependent on three major factors: (1) tidal range, (2) the
area to which the water can flow to, and (3) the sediment load of the water. In addition there are factors changing
over longer time spans that influence the sediment dynamics, the height of the low and high tide both at regular
days and during spring and neap tide; and the strong seasonality in rainfall due to the monsoonal character of
the climate. After the coastal embankment project which separated the river from the flood plains, the river
channel silted up due to decreased flow velocity of the water. The river bed became higher than the elevation of
the adjacent low-lying lands, locally called beels. This caused serious drainage problems in the area due to
higher drainage basis of the rivers.

To create a higher flow velocity with the intention to erode the deposited material in the river channels, a group of
farmers decided to cut the embankment and open one of the beels along the tidal river, thereby creating a so-
called tidal basin. This paper analyses whether this works in terms of lowering the drainage basis and providing a
better livelihood for the people living in the polders or surrounding the beels. We have looked at the sediment
dynamics both in the tidal basin and the tidal river up and downstream of the tidal basin. In the tidal basin we
assessed which parameters influence the sedimentation and how the sediment was distributed in the tidal basin;
and how this variable sedimentation might influence the redevelopment of the area when the tidal basin will be
silted up.
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Analysis of the flow of suspended sediments from the behavior of the variation of water stain in the
region of the confluence of the Negro and Solimoes-Amazonas Rivers, Amazonia, Brazil

PIMENTEL MARINHO T.(1), FILIZOLA N.(1), SANTOS A.L.(2), NASCIMENTO A.(1), JEAN-MICHEL M.(3),
COCHNEAU G.(4)

(1) Universidade Federal do Amazonas, MANAUS-AM, BRAZIL ; (2) SERVICO GEOLOGICO DO
BRASIL/CPRM, MANAUS-AM, BRAZIL ; (3) INSTITUT DE RECHERCHE POUR LE DEVELOPPEMENT/IRD,
TOULOUSE, FRANCE ; (4) INSTITUT DE RECHERCHE POUR LE DEVELOPPEMENT/IRD, BRASILIA-DF,
BRAZIL

This work contributes to spatial hydrology studies and is presented here as an alternative to monitor the
concentrations of suspended sediments in the Amazon Basin. The analyses focus on the study of the
phenomenon of the confluence of the Negro River (black water) and the Solimdes-Amazonas River (white
water). For the analyses we used images from the Terra and Aqua satellites, MODIS sensor, which presents
significant advantages in terms of temporal resolution in relation to other sensors used for studies of Amazonian
rivers (NOVO et al, 2007; MARTINEZ et al 2009, ESPINOZA et al 2009). In the region of confluence, we
observed the variability of the river’'s own section along the length (difference in length between the black and
white water portions). This was done in a predetermined area in order to asses both the dimensions of the mixing
zone and the variability of suspended sediment concentration. This assessment was conducted by studying an
area at the end of the confluence near Itacoatiara town, where one of the clippings of the MODIS Project ORE-
HYBAM is (www.ore-hybam.org). This clipping contains a series of spatial data for the period 2000 to 2012. The
section was divided into three masks representing black water, white water and the mixing zone. The images
were treated and processed using specific software (GETMODIS and MOD3R), developed for the BRO-HYBAM
Project. The initial results obtained from the correlation between the data of infrared reflectance of the two rivers
and the given quota of the Manaus station show the existent relationships between a strong suspended sediment
load from the Solim8es-Amazonas River and the very low load of the Negro River. These relationships have very
important annual variability that visually mark the hydraulic dam effect existent in this area. (MEADE et al., 1991
and STERNBERG, 1998).

762



S19C - Sediment fluxes and morphodynamics of stream channels

Geomorphic analysis of the ephemeral stream distributary systems of the Kobo basin (northern Ethiopia)

BILLI P.(1), CIAMPALINI R.(2)
(1) Dipartimento di Scienze della Terra, FERRARA, ITALY ; (2) INRA, US InfoSol, ORLEANS, FRANCE

Drylands cover one-third of the Earth’s surface Zekai, 2008) and about half of the countries in the world must
deal with arid and semi-arid conditions and water supply problems (UNESCO, 1977). Ephemeral streams are a
distinctive feature of drylands and are distinguished by high flow variability, as they are dry for most of the year
but subjected to sporadic and intense flash floods in response to localized, heavy rainstorms (Knighton and
Nanson, 1997). These extreme hydrological conditions provide ephemeral streams with peculiar channel
morphology, dynamics and sediment transport processes (Tooth, 2000).

This study deals with the geomorphic features of the ephemeral streams ofthe Kobo basin (Wollo, Ethiopia), that
is a typical, recentstructural basin associated with the development of the Danakil branch of the Ethiopian rift. All
the ephemeral streams, but one, draining the basin margins end up in the basin floor where they form large
distributary systems.Aim of this study is to investigate the control on the geomorphic parameters and geometry of
these distributary systems by their catchment characteristics such as area, slope, drainage density, slope
gradient and length, hierarchizationand the channel feeder main characteristics such as width, gradient and
streambed sediment. The results show that the coupling of the geomorphic features of the upstream portion of
the river system and the geometry of the distributary system providesan efficient network for describing the
development of ephemeral streams, their distributary systems and their channel dynamics. This study shed some
light on poorly known geomorphic agents like ephemeral streams and gets an insight into crucial information for a
more efficient land management and flash floods effects mitigation.

Fianally, the geomorphic features of the distributary systems of the Kobo basin ephemeral streams are compared
with those observed on Mars to test the hydrologic origin of the latter.
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Reach-scale morphological changes of a braided river following a 15-year flood with multidate airborne
LiDAR

LALLIAS-TACON S.(1), LIEBAULT F.(1), PIEGAY H.(2)
(1) Irstea, SAINT-MARTIN-D'HERES, FRANCE ; (2) University of Lyon, CNRS-UMR 5600, LYON, FRANCE

In this study, multidate airborne LIDAR surveys were used to reconstruct reach-scale morphological changes of a
gravel-bed braided river following a channel-forming flood event. LIDAR surveys covered a 7-km reach of the
Bes River, a very active aggrading braided channel in the Southern French Prealps. The site was surveyed in
October 2008 and April 2010. Between these two dates, a 15-year flood occurred in December 2009, with a
peakflow discharge of 171 m3 s-1.

LIDAR data processing shows that the two LIDAR surveys were not correctly merged altimetrically and
planimetrically. The re-alignment of the two LiDAR surveys was done by selecting stable surfaces. Spatially
distributed error in DEM of difference was accounted with dGPS field measurements by sampling different types
of terrains, i.e. road, fine and coarse exposed gravel bars, sparse and dense vegetated areas, and alluvial forest.
Elevation comparison shows that LiDAR-derived elevations of 2010 overestimate systematically dGPS elevation
measures of about 7 cm on the road. This systematic error as well as the standard deviation increase with
surfaces complexity, i.e. increase of vegetation density and surface slope. For each combination of terrain, a
critical threshold error of morphological change was calculated.

The scour and fill map provided by the calculation of the elevation differences done after correction between the
two DEM shows that the Bés River underwent significant morphological changes during the December 2009
flood, e.g bank erosion, channel scour and fill. Fill occurred on surfaces characterized by low relative elevations
in 2008. Two types of scour are characterized: bank erosion and bar sculpting. Scour/fill sequences are clearly
observable along the streamwise direction, showing a longitudinal periodic signal of sediment budget due to
alternating sequences of erosion-deposition. A Fast Fourier Transform gives a period of 665 m, which represents
5 times the mean active channel width.
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Oral presentations:

A philosophy of rivers

NANSON G.(1), HUANG H.Q.(2)
(1) Univeristy of Wollongong, WOLLONGONG, AUSTRALIA ; (2) Cinese Academy of Sciences, BEIJING,
CHINA

Underlying the study of fluvial geomorphology has been the desire to understand the fundamental behaviour of
rivers and hence predict their adjustment for purposes of management. Resolving the physical laws governing
forces and motions has been prevented by a lack of mathematical closure, hence variational approaches have
been adopted whereby assumptions are made regarding possible optimum operating states (extremal
hypotheses). However, until recently there has been no logical basis to justify selecting any one of these. By a
mathematical ‘sleight of hand’, the channel form ratio (w/d) has reduced the number of variables and merged
Newtonian and variational approaches, showing that rivers are controlled by the least action principle. Alluvial
rivers evolve teleomatically and iteratively via various forms of dynamic equilibrium towards progressively more
stable states, stationary equilibrium being the most stable and the ultimate attractor. In rivers this is ‘survival of
the most stable’, comparable to biological evolution’s ‘survival of the fittest’. In clean water this ultimate state
occurs at Froude No 1; in rivers transporting bedload it occurs at H No 0.3. Correcting earlier versions of the
Meyer-Peter Miiller bedload equation with the H number, and using field data from the Yangtze River, we show
this large river adjusts its channel morphology to maximum flow efficiency (transporting its imposed bedload with
the least amount of power). This approach greatly expands an understanding of the dynamics of rivers and
shows them to be controlled by least action. This for the first time provides a simple means of quantitatively
measuring and defining a river's equilibrium state. It opens the way for predicting channel adjustment and river
management in different environmental settings and shows why rivers are rarely straight but adopt various
dynamic forms from steep step-pools to gentle anastomosing systems.
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Bedload dynamics in gravel bed rivers

PETIT F., HALLOT E., PEETERS A., LEVECQ Y., HOUBRECHTS G.
University of Liege, LIEGE, BELGIUM

The aim of this research was threefold: 1) to improve the values of bedload mobilisation discharge in gravel bed
rivers, 2) to determine the bedload velocity over the short and long term and 3) to quantify bedload transport and
to examine bedload discharge in relation to the stream power and to the excess stream power.

Since 2006, we used the PIT-tag technique in order to mark pebbles from Ardennian rivers. Ten rivers of different
geomorphological properties were fitted out with PIT-tags (in 18 different sites) and 67 surveys were carried out
after hydrological events.

These data allow a valuable relationship between the stream power during floods and the size of the biggest
elements mobilised to be proposed. This relation is obtained for medium sized rivers (50-200 km?) with bed
material composed of gravel (Dsgbetween 2 and 10 cm).

Furthermore, we also obtained good relationships between the average transport distance and the excess of
stream power reached during the hydrological events. In order to estimate the bedload virtual velocity over a
longer time scale, we applied these relationships to the hydrological events recorded by gauging stations over
more than 30 years. We obtained values of virtual velocity which are between 2 km/century for a low energy river
with a sinuous bed and well developed riffle-pool sequences (Rulles River — 33 W/m? at Qp) and 11 km/century in
a more powerful river with a straight channel (Aisne River — 81 W/m? at Qp) and a sub-flat bed. The propagation
velocity of bedload is therefore influenced by the energy available. However, it is also necessary to take into
account the river pattern, the characteristics of the armoured layer and the presence of potential trapping sites.
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Measuring and modeling of basalt pebble abrasion in the Williams River, Australia

SZABO T.(1), FITYUS S.(2), DOMOKOS G.(1)

(1) Budapest University of Technology and Economics, BUDAPEST, HUNGARY ; (2) The University of
Newcastle, NEWCASTLE, AUSTRALIA

The phenomenon of downstream fining in gravel-bed rivers has been attributed to two main processes: size-
selective transport and abrasion. In most of the studies, the latter process is considered to be inappropriate to
explain the observed strong size reduction, because measurable laboratory abrasion rates are too small.
However, a few researchers pointed out that abrasion-in-place processes as an additional abrasion mechanism
may be dominant in a real river.

We collected basalt particles along a 100 km reach of the Williams River, New South Wales, Australia and
measured the size and shape of them. Firstly, we show that abrasion is clearly important in our case because we
found pebble shapes similar to ventifacts (sometimes called aquafacts) at the lower part of the river. These
shapes are formed by the “sandblasting” effect of the over-passing suspended load. Secondly, we present
statistical results on the downstream variation of grain shape and size along the river. Size variation follows an
exponential decrease with a small diminution coefficient which also suggests that abrasion alone is capable to
explain the observed size reduction.

Since most of the studies emphasize the role of size-selective transport in gravel-bed rivers, numerical models
found in the literature only consider sorting as the fining mechanism. Therefore, based on the field observations,
we present a new numerical abrasion model to reconstruct the downstream variation in grain size and shape in
the Williams River. The model relies on a recent theoretical result describing the collective evolution of size and
shape in large pebble collections as a Markov process, due to mutual abrasion and friction. Model results verify
that abrasion is sufficient to produce the desirable exponential downstream fining, at least for small diminution
coefficients. The new numerical model is expandable and transparent, so it is easily adaptable to other
sedimentary environments as well.
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In-Channel Fine Sediment Retention and Dynamics: A Review

STEWARDSON M., RUTHERFURD I.
The University of Melbourne, MELBOURNE UNIVERSITY, AUSTRALIA

Fine sediment dynamics in catchments has an important influence on river ecosystem and human health.
Contaminants such as pathogens and micropulltants can be attached to fine sediments and their transport, fate
and biogeochemical environment in which they might be transformed is dependent on fine sediment dynamics.
Further, fine particulate organic matter transported through the river network can support riverine foodwebs
through uptake by heterotrophic bacteria. For catchment-scale modeling of sediment budgets, it is commonly
assumed that fine sediment delivered to a river network is transported directly to receiving waters or deposited
on floodplains during overbank events. In reality, fine sediments can be stored within channels for example in
slackwaters, artificial impoundments and the streambed. These fine sediment stores often have physical and
chemical properties that support distinct biotic communities. Understanding fine sediment retention and its
distribution at the reach and catchment and scales is important for managing riverine landscapes. This paper
reviews the literature to establish the current knowledge of magnitude, residence time and longitudinal
distribution of these storages within catchments. A conceptual model is presented as a basis for hypothesis
development and testing.

768



S19D - Other subsessions

The impacts of climatically-driven hydrological change upon sediment flux in Alpine river basins

LANE S.N.(1), BALIN D.(2), LOVIS B.(2), MICHELETTI N.(2)

(1) IGD, Université de Lausanne, LAUSANNE, SWITZERLAND ; (2) IGD, Universit? de Lausanne, LAUSANNE,
SWITZERLAND

Both future temperature and precipitation changes could have a dramatic impact upon the geomorphic response
of high mountain river basins. The availability of historical climate records and aerial image archives since the
1940s now provides the opportunity to investigate over the recent past the forcing of geomorphic systems by
rapid climate change, of importance because very few studies have disentangles the signature of such change in
geomorphic records. Here we consider an Alpine river basin (altitude c. 1,200 m to 3,005 m), with very little direct
human impact, but where there is excellent archival imagery. The imagery reveals three distinct phases of river
basin change each perlod corresponding almost exactly to periods of known climatic warming/cooling in the last
5 decades of the 20" Century. To evaluate this climate forcing, we test a set of plausible hypotheses using
mathematical modelling. To assess possible changes in sediment production activity, we apply the 1D heat
diffusion equation to the basin scale, driven using historical temperature records. This shows that one plausible
explanation remains decreases/increases in the percentage of the sediment supply zone that is frozen during
warming/cooling periods. To assess changes in sediment transport capacity, we apply a multi-fraction sediment
transport model to the predictions from a reconstruction of basin hydrological response that begins in 1940. This
reveals systematic changes in hydrological response which, notably because of non-linearities in the transport
equations, translates into dramatic changes in sediment transport capacity that mirror those of possible
temperature driven changes in sediment production. Thus, both of these hypotheses remain plausible and it is
possible that they act synergistically to cause rapid and dramatic changes in basin sediment state. Thus,
understanding climate impacts on geomorphic response requires coupled temperature-precipitation effects to be
considered.
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Quantifying spatial and temporal variations of specific event sediment yields in different climatic zones

GAO P.(1), NEARING M.(2), HICKS M.(3)

(1) Syracuse University, SYRACUSE, NEW YORK, UNITED STATES ; (2) USDA-ARS Southwest Watershed
Research Center, TUCSON, AZ, 85719, UNITED STATES ; (3) NIWA, Box 8602, CHRISTCHURCH 8440, NEW
ZEALAND

The spatial and temporal variations of suspended sediment (SS) in areas of different climates have been widely
studied in term of the relationship between specific sediment yields (SSY) and watershed areas (A). However,
such relationship changes as watersheds change from one climatic to another zone, which leads to both
uncertainty and difficulty in quantifying the SSY-A relationship. This study introduces an alternative approach to
quantifying the distinct characteristics of SS transport among different climatic zones. First, we show that in many
arid and semi-arid regions of the world, SS transport in watersheds with various sizes can be generally quantified
by a simple proportional relatlonshlp between event specific sediment yield (SSYe, t/km? ) and runoff depth (h,
mm). The constant, m (kg/m ) is physically equivalent to the discharge-weighted event mean sediment
concentration. For 15 watersheds from seml -arid American southwest, southern lItaly, and Algeria with areas
approximately ranging from 0.01 to 500 km?, values of m range from 11 to 34 with the average of 19 kg/m
suggesting that m remains roughly constant across all watersheds and hence reflects the common nature of SS
transport in these semi-arid areas. Second, we show that the range of m values in these watersheds is
significantly lower than that (around 700 kg/m3) of watersheds in the loess area of China where SS is transported
through hyperconcentrated flows suggesting the powerful role of m in distinguishing different processes of SS
transport. Third, we further demonstrate that the proportional relationship also sustains in 9 watersheds of humid
regions with variable areas from 1 to 600 km?and the values of m are limited in the lower range between 0.1 and
5. These results clearly reveal that the proportional relationship and the associated constant m can be used to
distinguish different patterns of SS transport in different climatic zones.
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Modern depositional processes in a confined, flood prone setting: benches of the Shoalhaven River,
NSW, Australia

KERMODE S.J.(1), COHEN T.J.(2), REINFELDS I.V.(3), NANSON G.C.(2), JONES B.G.(2)

(1) University of Wollongong, Australian Nuclear Science and Technology Organistaion, WOLLONGONG,
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WOLLONGONG, AUSTRALIA

The lower Shoalhaven River provides an opportunity to examine bench processes in a confined setting.
Stratigraphic analysis of trenches and augur holes, ground penetrating radar, Hec-RAS modelling and
geochronological techniques combine to identify that benches of multiple levels along Bull Reach are composed
of coarse material and have been extensively eroded and reworked by modern events. Kermode et al. (2012)
established the long-term polycyclical nature of the higher alluvial surfaces (up to 193 ka in age), and this is
contrasted with the youth of the lower inset alluvial surfaces, which are shown to be less than 270 years in age.
This study evaluates the relative significance of both flood regime and effects of European settlement on the
geomorphic effectiveness of high magnitude events and investigates the characteristics of bench formation in
this confined setting. It characterises the nature of depositional events and the relationship between facies at an
event scale. Using Hec-RAS modelling, events of different recurrence intervals are compared to explore the
relative impact of varying flood magnitudes. The results bring into question the theory that inundation frequencies
of these surfaces are constant, or associated with formative processes.
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Valley floor changes along and adjacent to the Baviaanskloof River, Eastern Cape Province, South Africa:
Testing confinement

SMITH-ADAO L.(1), ROWNTREE K.(2), NEL J.(1)

(1) CSIR, NRE, CAPE TOWN, SOUTH AFRICA ; (2) Rhodes University, Geography Department,
GRAHAMSTOWN, SOUTH AFRICA

Dryland environments describe the world’s hyper-arid, arid, semi-arid and dry-subhumid regions. These regions
are seldom seen as priorities for research because of their harsh climates, widespread distribution and limited
resources. They are generally poorly understood. Local knowledge of physical processes operating in South
African dryland fluvial systems is fragmentary and matches these global trends. River system function and
structure are strongly linked to the catchment of which they are a part off. Catchment and channel variables are
important in controlling the biophysical characteristics of the valley floor within a spatiotemporal context. The
former determine the runoff and sediment regime of the river while the latter control the stability of the channel.
The degree of valley confinement in particular devises process-form connections along rivers. A pilot study in the
Baviaanskloof revealed the interdependence of river valley morphology, surface-groundwater interactions and
vegetation in narrow and wide valley sections. Testing this relationship further on the Baviaanskloof River proved
to be suitable as alternating confined, semi-confined and unconfined reaches allow for expression of a wide
range of physical forces and biological outcomes. The overall aim of the study was to examine the relationship
between fluvial styles, valley floor morphology and vegetation distribution patterns in the semi-arid Baviaanskloof
River catchment, South Africa. This study will contribute towards catchment rehabilitation and a long-term
monitoring programme. Fieldwork commenced systematically down the valley at 14 study sites during a winter
sampling programme, 2009 to 2010. Data collected across the valley floor included cross-sectional surveys,
vegetation distribution, sedimentary characteristics (texture and chemistry) and groundwater levels. The methods
and procedures that were used to collate the data are briefly discussed, together with detailed interpreted results.
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Is braided river index only related to discharge and geomorphic activity? Feedbacks from thermal
infrared remote sensing

WAWRZYNIAK V.(1), PIEGAY H.(1), ALLEMAND P.(2), VAUDOR L.(1), GRANDJEAN P.(2)

(1) Université de Lyon - CNRS UMR 5600 EVS, LYON, FRANCE ; (2) Université de Lyon - CNRS UMR 5276
LGL-TPE, LYON, FRANCE

The study of braided rivers often referred to braided index as an indicator of the intensity of the braided activity.
Historical geomorphology often used such index to explore how braided activity increased or decreased through
time. More recently, some authors clearly related the braided index to the discharge from experimental
approaches.

Nevertheless, neither the discharge nor the braided activity sometimes explain intense braided index at low flow.
Some of the rivers can have a very dense braided pattern whereas others are limited to fast flowing channels.
Braided patterns can be explained by different connections with groundwater. Herein in order to evaluate
groundwater-fed channels, we used thermal infrared images because groundwater exhibits a different thermal
signature from surface water. Acquisitions were performed during summer in 9 braided reaches located in the
French Alps. We reported two types of thermal patterns. The first type showed very low thermal variability
throughout the day. This low variability was linked to the little diversity found in the aquatic habitat, notably due to
the proglacial regimes with high summer flows which homogenize water temperature. The second type exhibited
a higher thermal variability with changes during the day. The temperature of flowing channels changed during the
daytime according to the air temperature. In contrast, the temperature of channels only downstream connected to
the main network exhibited smaller changes which created thermal variability over space and time associated
with hyporheic or phreatic flows. These findings allow for a prediction of temperature heterogeneity based on
time and the aquatic habitat diversity, notably the proportion of ponds, alluvial and groundwater channels. These
results should have potential consequences for the implementation of the EU Water Framework Directive for
targeting reaches for restoration and conservation.
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Experimental investigation into the impact of vegetation on fan morphology and flow

CLARKE L., MCLELLAND S., COULTHARD T.
University of Hull, HULL, UNITED KINGDOM

Riparian vegetation can significantly influence the geomorphology of fluvial systems, however, there is still limited
understanding of the role vegetation plays in the development of alluvial fans, despite the large number of
vegetated fans in temperate and humid climates. An understanding of the feedback loops between water flow,
sediment dynamics and vegetation is key to understanding the geomorphological response of alluvial fans. But it
is difficult to investigate these relationships in the natural world due to the complexity of the geomorphic and
biological processes and timescales involved.

To examine the effects of vegetation on channel form, flow dynamics and morphology during fan evolution a
series of experiments were conducted using the Total Environment Simulator at the University of Hull. The
experiments followed a ‘similarity of processes’ approach and not scaled to a specific field prototype. Live
vegetation (alfalfa) was used to simulate the influence of vegetation on the fan development. Numerous plots
were run using the same initial conditions and constant water discharge and sediment feed rates, but the
vegetation density and amount of geomorphic time (times of active fan development) between seeding /
vegetation growth varied between plots.

The fan morphology was recorded at regular intervals using a laser scanner and overhead photography to gain
near-continuous data quantifying fan topography, flow patterns, channel migration and avulsion frequency. The
use of these techniques allowed collection of high resolution spatial and temporal data on fan development with
minimal disruption to the experiments.

The results of the preliminary experiments showed that vegetation did influence the morphology and flow
conditions during fan evolution. Vegetation reduced the number of active channels, and increasing the vegetation
density also led to lower lateral migration rates, the formation of narrower and deeper channels and an increase
in fan slope.
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The Fluvial Critical Zone ' the co-evolution of a geomorphic-vegetation-soil system
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Traditionally, braided river research has considered flow and sediment transport processes and their linkages to
river morphology. In the last two decades, research has been extended to the vegetation of the fluvial
geomorphological system, recognising that vegetation dynamics can be as important as sediment dynamics in
controlling braided river forms and processes. However, the role of soil has largely been overlooked. Research in
more stable fluvial settings has described and quantified the nature of soils (e.g. terraces), but what is the role of
soil in the transformation from an actively braiding river through stabilisation during vegetation development to a
terrace system? Is soil simply passive and a consequence of vegetation development on a stabilising braid bar
deposit, or is it actively involved in changing the timescales of system transformation? We present and test a
conceptual model for the role of river-vegetation-soil interactions over timescales of decades rather than years.
We studied the braided Allondon River, a protected nature reserve in the west of Canton Geneva, Switzerland,
which comprises a braided river — terrace system, including active braiding processes, rapid vegetation
colonisation, stabilisation of braid bar deposits, but also developing soil profiles. Whilst sediment stratification and
topography modulate initial habitat properties and initial vegetation colonisation, soil forming processes, notably
tied to organic matter accumulation, influence the succession speed and pathways. When combined with
disturbance processes, this drives the spatial differentiation of the river-floodplain ecosystem. Overall, we can
imagine this system as a ‘fluvial critical zone’ in which geomorphology, vegetation and soil co-evolve to create a
diverse fluvial ecosystem. Given the importance of pedogenesis as a control on the rate of ecosystem change, it
is critical to factor soil into questions regarding braided river management.
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Identifying channel incision and its hydraulic importance: examples from Polish Carpathian rivers

WYZGA B.(1), ZAWIEJSKA J.(2), RADECKI-PAWLIK A.(3)
(1) Institute of Nature Conservation, Polish Academy of Sciences, KRAKOW, POLAND ; (2) Institute of
Geography, Pedagogical University, KRAKOW, POLAND ; (3) Department of Hydraulic Engineering and
Geotechnique, Agricultural University, KRAKOW, POLAND

Channel deepening may result from either channel incision or river metamorphosis changing a wide and shallow
channel to the narrow and deep one. Only that first type of channel change leads to increased flow capacity of
the channel. Therefore, a lowering of water stage associated with a given discharge rather than a lowering of
river bed should be used to identify channel incision. A lowering of minimum annual stage at gauging stations is
normally used to assess the relative importance of channel incision along a river or within a particular region.
Rivers of the Polish Carpathians incised by 0.5-3.8 m over the 20th century, with greater incision in their middle
and lower courses than in the upper ones. Variability in the hydraulic importance of channel incision with
increasing river size was analysed by comparing changes in the frequency of valley floor inundation at gauging
stations located along the 7th-order Dunajec River. Despite a lower nominal amount of channel incision in the
upper river course, here incision has increased channel conveyance and reduced the frequency of valley floor
inundation considerably more than in the lower course. Hydraulic effects of channel incision depend also on
lateral stability of an incising river. Low-energy rivers from the eastern part of the Polish Carpathians remained
laterally stable during channel incision. As a result, stages for low flood discharges have lowered substantially
and less so for high-magnitude floods; and velocity of the flows conveyed over the highly elevated floodplains
has become considerably lower. In high-energy rivers of the western part of the Polish Carpathians, incised
meander belts were formed due to the alternation of incision and lateral channel migration. This has resulted in
substantially lowered stages for all flood discharges and increased velocity of the flows conveyed over the newly-
formed, low-lying floodplains.
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Anthropogenic intervention into the river pattern as a cause of the Ol'e River floodplain development
change (with the use of magnetic susceptibility for the sedimentary record interpretation)

CHUDANICOVA M., HRADECKY J., PANEK T.
Department of Physical Geography and Geoecology, University of Ostrava, OSTRAVA, CZECH REPUBLIC

Sedimentary records of the total six cores and two bank exposures were investigated in the OlSe River
floodplain. Set of laboratory analyses (magnetic susceptibility measurement, loss on ignition, grain-size analysis)
were supported by study of the old maps, historical aerial photos and archive river management and flood
records. From the historical records it is obvious that even at the beginning of the 20th century the river in the
study area had braiding pattern with 100 to 300 m wide gravel streambed. In 1930s the natural stream was
replaced by 28 m wide straightened artificial channel with vegetation enforcements and side channels were
enclosed. After these modifications fine sediments were probably deposited on gravel bars of the former wide
gravel streambed. Magnetic susceptibility (MS) measurements of upper fines of all investigated cores showed
that these are very young because they were completely magnetically enhanced. MS is very sensitive to
secondary ferrimagnetic iron oxides or ferromagnetic particles released into the environment especially during
high-temperature combustion of fossil fuels, from road traffic or various waste-water outlets. Even several pieces
of man made products like plasters and film plastic were found in fine sediments just above gravels. In 1962
flood defences were built at both sides of the channel which probably influenced sedimentation rates of the
floodplain. Upper fine sediments of the investigated cores behind flood defences was up to 40 cm thick while the
thickness of the inside flood defences fines was around 100 cm.

Further sedimentary record interpretation was based on the assumption that MS peak determines the 1980s, the
time of the coal extraction, attached steel production and concentration of fly ashes culmination. This assumption
was supported by B¥ics dating of bank exposures. MS values were up to eight times higher than values from
other localities in Czech Republic.
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Changes of channel planform within anastomosing river system transformed by hydro technical works
(the Obra River, W Poland)

SLOWIK M.
Adam Mickiewicz University, Department of Geographic and Geologic Sciences, POZNAN, POLAND

The Obra River is one of the largest lowland rivers situated in W Poland. Its river bed was subjected to intensive
hydro technical works. Three artificial canals were constructed in the middle course of the valley in the
19‘hcentury. Before that time, the Obra valley had been an enormous wetland. Historical maps indicate that
various river planforms (multi-channel, meandering and “disappearing in wetlands”) had been active here before
the anthropogenic intervention.

GPR (ground penetrating radar) surveys ground-truthed by core data and analyses of satellite and aerial images
were conducted to retrace the natural course of the river. The field works were carried out in four detailed study
sites representing remains of former river patterns. The retraced channels indicate many features of an
anastomosing pattern: low valley gradient, remains of floodbasins and high contents of muds and silts in the
valley floor. Particular anabranches of the river were characterized by different patterns (meandering and multi-
channel) depending on changes of the valley gradient and geology of particular sections of the valley. Moreover,
traces of the river bed incision and transformation from meandering to multi-channel planform were found in W
part of the valley, close to a canalized bifurcation to the Odra River. The transition and forming the bifurcation
might have been caused by an intensive flood event. Its traces, marked by a distinct erosional surface, were
discovered in the floodplain architecture.

The research provided a basis for river restoration projects that may be conducted in this area in the future. The
results also show that anastomosing rivers had been active in Central Europe before they were transformed by
hydro technical works. It is also indicated that relatively small anastomosing systems are easier to study than
large rivers characterized by such planforms. They provide a great potential to study processes forming this
unique type of river pattern.
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Spatial and temporal variability of braided river bio-geomorphic patterns at the regional scale, the case of
the French Rhéne basin
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The French Rhéne basin is characterised by several braided reaches, preserved from the widespread
disappearing occurred in the XX century. Given the complexity of these river systems, an interdisciplinary project
has been conducted to better understand their functioning and to support their management, according to the
WEFD. In that context, this work focussed on the characterisation of the braided reaches, in terms of aquatic
habitat and riverscape patterns. We selected 53 braided reaches located in several geographical contexts and
performed a comparison of their contemporary pattern and their evolution since the 1950s. The study is based on
aerial photos from the French National Geographical Institute and applies remote-sensing techniques.

We observe that contemporary aquatic habitats and braiding pattern are controlled not only by the water
discharge but also by the groundwater position and the connectivity to sediment sources.

From the 1950s to the 2000s, the overall pattern is evolving through a river narrowing but some reaches are still
active and widened. The causes seem to be related to: (1) high magnitude and low frequency floods, (2)
sediment regime, (3) geographical position in the catchment and (4) colonisation conditions for pioneer species.
We then focussed on 12 reaches, distributed into 4 main hydro-geographical regions, to better understand the
role of major floods in the braided river evolution. We analysed the braiding width and the vegetation pattern
evolution between five observation dates (1950 to 2000). We found that several evolution patterns exist,
depending on (1) the combined effect of the floods (magnitude and duration), (2) the position of a reach in its
temporal trajectory, and (3) the river catchment characteristics (i.e. sediment and hydro-climatic regimes).

Finally we make some considerations in terms of braided reach management (i.e. conservation, restoration) in
the Rhdne catchment, in terms of habitats and braided reach riverscape.
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Recent channel adjustments of major rivers in southern Apennines (ltaly): a contribution to the
understanding of fluvial response to human impact and climate change

SCORPIO V.(1), AUCELLI P.(2), GIANO L(3), PISANO L.(1), ROBUSTELLI G.(4), ROSSKOPF C.(1),
SCHIATTARELLA M.(3)

(1) Universita degli Studi del Molise, PESCHE, ISERNIA, ITALY ; (2) Universita degli Studi di Napoli
"Parthenope, NAPOLLI, ITALY ; (3) Universita degli Studi della Basilicata, POTENZA, ITALY ; (4) Universita della
Calabria, COSENZA, ITALY

As highlighted by several studies, many lItalian rivers have been affected at least since the mid-1950s by relevant
channel adjustments, mainly consisting in pattern changes, channel narrowing and lowering, which are largely
thought to be controlled by human interventions on the catchments and/or directly on the river systems. This is
true also for major rivers of southern ltaly, but the case studies are still limited especially when compared to
those available for central and northern Italy. Our contribution deals with the analysis of channel adjustments that
have affected some of the major Southern Apennines rivers: the rivers Biferno, Trigno and Volturno (Molise),
Calore (Campania), Fortore and Ofanto (Puglia), Sinni (Basilicata) and, finally, Crati and Savuto (Calabria) which
during the last decades, have all been undergone some type of human intervention such as the construction of
dams, in-channel mining, etc. Our reconstruction of channel adjustments is based on a multi-temporal analysis in
a GIS environment of topographic maps, aerial photos and orthophotos carried out on selected river reaches,
and on the assessment of their actual morphological setting and dynamics by means of field surveys and DGPS
topographic measurements. The comparison of obtained results highlight a common evolutive trend consisting in
pattern changes from braided to wandering or sinuous, a strong channel narrowing, mostly exceeding 80%, and
a moderate to very high channel incision, while, concerning the last 10 years only, some of the investigated
rivers, the Savuto and Crati rivers, appear to be affected by an inversion of this trend, consisting in channel
enlargement and the increase of fluvial bars. In order to investigate on the possible influence of anthropic and
natural factors, the relationships between the reconstructed channel modifications and the main interventions on
single river systems at the channel scale and rainfall trends are analysed.
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Morphological degradation and restoration of the Ahr river (Italian Alps) and their effect on riparian
vegetation

CAMPANA D., COMITI F., GIAMMARCHI F., TONON G.
Free University of Bozen, BOLZANO, ITALY

Over the last two centuries, the vast majority of rivers in the European Alps have undergone significant
hydromorphological maodifications due to land reclamation, flood mitigation, hydropower production and gravel
mining. However, only few investigations have quantified such changes addressing also their impact on riparian
vegetation growth.

The Ahr river (Eastern lItalian Alps, drainage area 630 km? 25 km’ covered by glaciers) featured an
anabranching pattern with the presence of large riparian areas during the 19" century, until the first half of the
20" century. Since the 1960s, the channel underwent intense variations as a result of gravel mining and
sediment retention due to a hydropower dam and several check-dams along its tributaries. Bed incision followed
by bank stabilization works led to a hydrological and morphological disconnection of the floodplain from the
channel. Moreover, cross-section narrowing and deepening of the riverbed brought about bed armouring and
reduction of morphological diversity, until several reaches of the river were restored by widening and raising the
bed in the period 2003-2011.

Planimetric changes occurred in the Ahr were determined by the interpretation of 10 maps and aerial photos
covering the period 1820-2011. Cross-sections derived from topographic surveys and from Lidar-DTM led to
estimate the elevation of the different surfaces presents in the river corridor and thus to estimate the extent of
vertical changes during the degradation phase. The effect of morphological degradation and restoration on the
growth of the adjacent riparian forest is being monitored since spring 2011 through dendrochronological analysis
of 3 tree species. Preliminary results indicate a different response to bed incision by the different species in terms
of radial growth, whereas no effects are evident after the restoration works. However, these have increased the
morphological diversity in terms of morphological units such bars and islands.
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Historical river channel change and stability in Irish catchments: implications for river management under
the EU Water Framework Directive

TURNER J.N., JONES A.F., HARVEY E.
University College Dublin, DUBLIN, IRELAND

An understanding of longer-term processes operating in river channels is necessary for effective river
management and to assess potential response to environmental change. Evaluation of types and rates of lateral
channel movement over historical timescales using temporal sequences of map and aerial photographic data has
been undertaken in catchments worldwide. In Ireland such data are widely available but there have hitherto been
few attempts to assess rates and patterns of historical river channel change, particularly at the catchment scale.
This is in spite of the acknowledged differences between Irish rivers and those in other nearby regions, such as
Britain, and a long history of intensive land use and channel engineering. This study aims to quantify historical
lateral channel change in two major Irish river catchments, the Boyne and the Suir, to evaluate downstream
variations in channel change in relation to controlling factors and to assess the impact of anthropogenic activity
on channel position. Channel margins and islands have been digitized from historical maps and aerial
photography to identify areas of erosion, deposition, artificially cut channel reaches and reaches abandoned
during engineered realignment. Results are presented for 500 m reaches of the main rivers in each of the two
catchments and are compared with channel sinuosity and gradient. Comparisons between individual sub-
catchments and between the Boyne and the Suir show variation in the type and rates of channel change
recorded, and in the degree and extent of anthropogenic modifications to the river channel. The implications of
the history of channel change in Irish rivers are discussed in the context of contemporary typological
characterisation and management objectives under the EU Water Framework Directive (2000/60EC).
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Detecting the Fluvial Channel Mobility and the Erosion Process Development for a Sustainable
Management of the Mayo Tsanaga (North Cameroon)
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Severe drought episodes, capricious rainfall and vegetation degradation have been identified as the main
environmental problems facing the ecologically fragile Far-northern region of Cameroon. But a refined
assessment of these problems has brought into light the issue of soil erosion along thirteen rivers and stream
flowing from the foothills of the Mandara Mountains to the neighboring plains. The prominent and longest of
these rivers is the Mayo Tsanaga, which constitutes an ideal laboratory for understanding how the geomorphic
processes of fluvial erosion impacted the sustainable development of the bank land assets buffering in it mid-
section 120 km. This major environmental problem compromises the sustainable development of the Maroua and
its surrounding cities of Gazawa and Bogo. Field raw measurements performed in this research and analysis of
data from different sources (aerial photographs, topographic maps, Google Earth images) show that the width of
some channel sections has grown from less than 10 to more than 100 meters over a 50-years period. The result
is the increase in the valley width combined to the unpredictable trend of channel migration also providing striking
footprints of erosion patterns along the river banks. Also, land uses on the channel buffers and river banks show
evident signs of multiple infrastructural degradations, such as soil degradation of farm lands, local disruptions of
water pipes and electric cable systems, collapse or severe damaging of many residential properties, and
degradation of terrestrial communication infrastructures (roads and bridges) crossing the Mayo Tsanaga river.
Consequently, fluvial dynamics has increased as bank erosion and accumulation profiles have gained length.
Overall, the last 50 years meander divagation of the Mayo Tsanaga river indicates an increasing mobility if its
channel and the degradation of its banks due to erosion.
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Catchment-scale versus site-scale controls on flood impact: Flooding in northern Victoria, Australia in
2010to 2012

MARREN P.(1), ZOLJAN S.(1), SMITH H.(2), TEO E.(1)

(1) University of Melbourne, PARKVILLE, AUSTRALIA ; (2) University of Plymouth, PLYMOUTH, UNITED
KINGDOM

After a decade of drought, repeated extreme rainfall events occurred over northern Victoria, Australia in
September, October and December 2010, January 2011 and March 2012. These floods caused widespread
erosion and channel change, although the impact of the floods was variable, both within and between
catchments. This study examines the relative role of catchment-scale processes such as downstream stream
power changes, and site-scale controls such as riparian vegetation and channel management history in
determining the nature and extent of erosion following these floods. We also examined the roles of event
duration and event ordering in controlling flood impact.

A combination of pre-flood survey data, aerial photography and LiDAR data, and post-flood surveys and aerial
photography allowed us to map the extent of erosion in the King River and Corryong Creek, tributaries of the
Murray River located in northeast Victoria. Erosion was correlated with stream power, vegetation and site-
specific factors. We found that there was a general correspondence between stream power and erosion intensity
at the catchment scale, but at the reach scale, there was a poor correlation between erosion and stream power.
Sites with intermediate unit stream powers (300-600 Wm'z) only had extensive erosion when floods persisted for
more than 36 hours. Vegetation played a major role in site-scale variation in erosion. Generally, vegetated sites
had less erosion than unvegetated sites, and vegetation became more effective downstream. Reaches with
extensive invasive willows often had minimal erosion, but triggered local avulsions as flows bypassed the
willowed reach. Where avulsions did not occur flow began to erode behind individual willows in later floods
causing rapid local widening of the channel in response to relatively modest flows. Vegetation plays an important
role in moderating flood impact, but in high stream power reaches riparian widths one to two trees wide are
ineffective.
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Geomorphological impact and feedback effects of occurrence and sequences of flood events of differing
characteristics

HOOKE J.
University of Liverpool, LIVERPOOL, UNITED KINGDOM

Flood events have morphological and sedimentological effects on channels and floodplains and also associated
social, economic and ecological impacts. Prediction of impacts is very important for flood management and for
long-term interpretation of the role and frequency of floods. It is often assumed, particularly in sedimentological
analyses, that the amount of sedimentation and size of material is proportionate to the magnitude of the peak
flow. Here, evidence is examined of erosion and deposition in relation to series of events in two contrasting
environments. Geomorphological impacts are found to vary in relation to magnitude, duration, season and
sequence of conditions.

On ephemeral channels in SE Spain the effects of differing flows over nearly two decades have been measured,
including a major flood in 1997, a series of more minor events and a very large event in October 2012,
interspersed with drought periods. Thresholds for impacts are identified and feedback effects of changes in
morphology are calculated, together with effects of vegetation. On active meandering channels in NW England
the effects of peak flows over a 30 year period are evaluated. Bank erosion rates are closely related to winter
peak flow. Evidence is provided that sedimentation varies markedly between winter floods and short duration
summer peak flows of comparable magnitude. This has important implications for interpretation of flood
magnitude and frequency from the sediment record. In both environments the presence and state of vegetation
is found to have a large effect. The evidence from a range of events of varying magnitude enables testing and
validation of models of flood impacts and demonstrates the need for a nuanced approach incorporating various
characteristics of flood events.
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Flooding from extreme rainfall: Geomorphological effectiveness as a vehicle for flood risk management
and whole river restoration

SEAR D.(1), DEARING J.(1), WHEATON J.(2), BATES P.(3), NEAL J.(3)

(1) University of Southampton, SOUTHAMPTON, UNITED KINGDOM ; (2) Utah State University, LOGAN,
UNITED STATES ; (3) Bristol University, BRISTOL, UNITED KINGDOM

Recent attention on the human impacts of extreme rainfall events are understandable and the immediate
emphasis on urban flooding justifiable. However, the focus on urban flooding and the decisions taken at a time of
crisis may obscure the longer term benefits of extreme events in effecting large scale restoration of
hydromorphology, and in some cases, the delivery of flood risk benefits. In this paper, we use the example of a
rare (1:1000yr rainfall, 1:600 yr flood), geomorphologically effective flood to explore the case for a re-evaluation
of such events. Using a combination of morphological sediment budgeting, flood modeling and long term flood
reconstruction we explore the role of a rare events in provisioning longer term ecosystem services such as flood
risk reduction, and the restoration of physical habitats. We demonstrate first, that human modification to the
floodplain resulted in an increase in flood risk; secondly, that the morphological effects of the flood resulted in a
post-event channel that delivered a reduction in the depth and extent of flood risk. Thirdly, we demonstrate that
the morphological changes resulting from the flood event delivered a more diverse physical habitat template that
might have formed an opportunity to provision other ecosystem services. Finally we highlight the rarity of such
events and argue that rather than seeing them only in terms of their immediate human impact, resource
managers need to consider their wider, longer term benefits. To achieve this, demands equally rapid inclusion of
geomorphological data capture and analysis combined with ecological and hydrological science.
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Physical controls of vegetation recruitment patterns on the Drome River (SE France): An analysis based
on a chronosequence of high resolution aerial imagery
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Environmental Science and Forestry, SYRACUSE, NEW YORK, UNITED STATES ; (4) Department of
Geosciences, University of Montana, MISSOULA, MONTANA, UNITED STATES

Along with the recent recognition of the role of vegetation in influencing channel hydraulics, and thus fluvial
morphology, comes the need for scientific research on vegetation recruitment and its control factors. Flood
disturbance is known to create a suitable physical template for the establishment of woody pioneers. Sapling
recruitment patterns and underlying physical controls were investigated on a 5 km braided reach of the Dréme
River in South-eastern France, following the 2003 50-year flood event. The approach was based on the analysis
of a chronosequence of high resolution aerial images acquired annually between 2005 and 2011, complemented
by airborne LIDAR data and field observations. The study highlights how physical complexity induced by natural
variations in hydro-climatic and consequently hydro-geomorphic conditions facilitates variable patterns of
recruitment. The initial post-flood vegetative cover, which made up 10% of the total active channel area in 2005,
was seen to double within six years. This expansion could be attributed primarily to recruitment, to a lesser
extent also to the net growth of older vegetation patches. The variability of hydro-climatic conditions was
reflected in the temporal and spatial patterns of recruitment, with a pronounced peak of vegetation expansion in
2007 and a decreasing trend over the following years. Recruitment was further seen to be sustained in a variety
of geomorphic units, which showed different probabilities and patterns of recruitment. Active channels were the
prominent geomorphic unit in terms of total biomass development, while woody debris units showed the highest
probability for recruitment. An understanding of vegetation recruitment is becoming crucial for predicting fluvial
system evolution in different hydro-climatic contexts. Applied, these findings should contribute to improve efforts
made in the field of flood risk management, as well as restoration planning.
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Assessment of the annual dynamics of large woods along a 60 km semi-alluvial river section of the Gaspe
Peninsula, Quebec, Canada, feedbacks from 3 year field surveys combined with airborne and ground
images

BOIVIN M.(1), BUFFIN-BELANGER T.(2), PIEGAY H.(3)

(1) Universite du Quebec a Rimouski/ UMR5600 ENS-Lyon/ Centre d'etude Nordique (CEN), RIMOUSKI/LYON,
CANADA ; (2) Universite du Quebec a Rimouski / CEN, RIMOUSKI, CANADA ; (3) UMR5600/ENS-Lyon, LYON,
FRANCE

The semi-alluvial rivers of the Gaspé Peninsula, Québec, are prone to introduce and transport large quantities of
in-channel wood because of channel shifting due to high energy flows and uncohesive banks. These large
quantities of wood influence significantly the river dynamics. The delta of the Saint Jean river encompasses large
wood jams (LWJ) building up since 1960, measuring more than 3 km in length and creating frequent avulsions.
These jams provide a unique opportunity to quantify a wood budget through time and to better understand the
controlling factors. The wood budget includes the evaluation of wood volumes produced by bank erosion (input),
still in transit in the river corridor (deposited on bars or channel edges) and accumulated in the delta (output). An
annual survey was carried out from 2010 to 2012 to locate and describe more than 300 jams and 600 individual
woods along a 60 km long river section. The repeated surveys allowed defining the morphological characteristics
as well as the jam configuration that promote wood mobility and deposit. The repeated surveys also allowed
examining the transport rates from one year to another for specific river sections. The results indicate that the
volumes of woods deposited along the 60 km section are 4 times higher in 2011 and 2012 than in 2010. Increase
in wood amount occurs mainly in upper alluvial sections of the rivers whereas decrease is observed in the semi-
alluvial middle sections. Airborne and ground photo / video images are used to evaluate the volume introduced
yearly by erosion and determine the transport rates. The analytical model developed from the wood budget and
the understanding of wood dynamics can assist river managers in their decision making to determine possible
solutions that include the production, transport and accumulation of large wood in river.
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Necessity of linking paleontological and contemporary approaches for understanding river dynamics

CORENBLIT D.(1), BORNETTE G.(2), STEIGER J.(1), DAVIES N.(3)

(1) Clermont University, CNRS, UMR 6042, GEOLAB - Laboratoire de geographie physique et
environnementale, 63057, CLERMONT-FERRAND, FRANCE ; (2) CNRS, UMR 5023, LEHNA - Laboratoire d
Ecologie des Hydrosystemes Naturels et Anthropises, 69622, VILLEURBANNE, FRANCE ; (3) Gent University,
Department of Geology and soil science, Krijgslaan 281 S8, GENT, BELGIUM

It is well established now that riparian plants within river corridors modulate both the longitudinal and transversal
hydrogeomorphic gradients and associated fluvial landforms. By trapping sediment, nutrients and organic matter,
plants control the spatio-temporal organisation of ecological processes and related habitats during the fluvial
biogeomorphological succession. This control defines the biogeomorphic equilibrium conditions related to the
resistance and resilience of the ecosystem structure to flood disturbances. Plants respond to river dynamics at
ecological (contemporary) timescales, but have started to respond to river dynamics since they began to colonize
terrestrial environments on the continents. These responses are related to physiological, morphological,
biomechanical and life-history adaptations to regular submersions and mechanical constraints caused by flood
flow. It was recently demonstrated that, at evolutionary timescales, plant adaptations led to the emergence of a
variety of contrasted fluvial biogeomorphic types. Each of these types shows characteristic ecogeomorphological
structures and dynamics. We suggest that within biogeomorphic type specific kinds of eco-evolutionary dynamics
may occur with strong ecological and evolutionary feedbacks between biotic and abiotic components. The future
challenge will be to establish a clear link between geomorphic, ecological and evolutionary processes and
feedbacks to validate the hypothesis of an eco-evolutionary dynamics within river corridors.
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Downstream channel changes of a tropical alluvial river due to construction of a dam: The example of the
Subansiri in Assam, India

GOSWAMI U., ACHARJEE S.
Dibrugarh University, DIBRUGARH, INDIA

Channel shifting, bankline migration, bank erosion and fill, and varied type of other channel changes are
frequently observed in the river channel of the Subansiri since periods of available records. The catastrophic
flood event associated with the 1950 Assam earthquake is reported to be one of the main causes behind the
gradual change of channel pattern of the river from meandering to braided. The ongoing construction of a mega
dam at Gerukamukh since 2006, initiating far reaching changes in channel form and process, has marked the
end of the natural fluvial regime of the Subansiri solely responsible for the earlier downstream river channel
changes. Notable channel changes as a result of anthropogenic influence are now beginning to appear in the
downstream reaches.

A study on the river channel changes of the Subansiri for the period 1990-2010 using remote sensing and GIS
reveals noteworthy changes of varied types, during the period 1990-2000, resulting entirely due to its natural
fluvial regime. But during the subsequent periods of 2000-2007 and 2007-2010, channel changes bearing
signatures of anthropogenic influence are emerging gradually. During the twenty year period from 1999-2010 the
river has gained in width, shortened channel length, steepened channel slope and has been actively migrating
towards west. The annual rate of erosion has decreased from 7.031 km2 in 1990-2000 to 5.640 km2 in 2000-
2007, whereas the annual rate of fill during the same period has increased by 3.80 times from 2.415 km2 to
9.224 km2. As a result there has been an increase in braiding intensity as compared to a decrease in sinuosity
index. Thus, while the braided pattern persists during the study period, the river has changed channel pattern
from sinuous to straight. Moreover, the characteristic anabranching pattern of the Subansiri, associated with the
river since 1920, has now totally disappeared.

Key words: Bankline migration, channel pattern, Subansiri, sinuosity, braiding index.
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Geomorphic changes of a dry-temperate meandering river highly disturbed by a large dam, Sauce Grande
River, Argentina

CASADO A.(1), PEIRY J.L.(1), CAMPO AM.(2)

(1) Clermont Université, Université Blaise Pascal, GEOLAB - CNRS, UMR 6042, GEOLAB, CLERMONT-
FERRAND, FRANCE ; (2) Departamento de Geografia y Turismo, Universidad Nacional del Sur - CONICET,
BAHIA BLANCA, ARGENTINA

Flow regulation by dams may modify the morphology of the river downstream by altering the equilibrium between
the flow transport capacity and the sediment load available to transport. This study focuses on the Sauce Grande
River, an ungauged dry temperate basin of about 4000 km? located in central-eastern Argentina. The Paso de las
Piedras Dam has impounded the middle river section since 1978 for water supply to Bahia Blanca (400 000
inhab.); despite the large capacity of the impoundment, the effects of the dam on the river environment remain
poorly evaluated. This study quantifies the geomorphic response of the river downstream to major decrease in
discharge and sediment inputs, and compares the direction of geomorphic changes to qualitative models of
channel adjustment.

River channel changes were inspected based on (i) field surveys of the present river channel state, and (ii)
historical aerial photographs and imagery of pre-dam (1961) and post-dam (1981; 2004) channel states for two
river segments of 40 km-length above and below the dam. Methods used GIS-based measures of channel
narrowing (widening), lateral migration and vegetation growth between consecutive time steps, and field-based
morphologic descriptions of sample reaches along the river segments.

Results showed that geomorphic changes within the river below the dam were related to human intervention (e.g.
bed digging, artificial meander cut-off and levees building) more than to natural adjustments to reduced flow
discharge and sediment load (e.g. incision and narrowing). In contrast to the river upstream, which exhibited high
lateral mobility, there was no clear evidence of channel activity since dam closure; bank profiles showed high
stability and progressive vegetation growth. These findings suggest that the dam has induced stable (moribund)
river channel conditions downstream. Results are discussed relative to predictive models of channel
metamorphosis below dams available in literature.
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Geomorphic Impacts of Riparian (Dis)Connectivity: Dams and Dam Removals as 'Natural' Geomorphic
Experiments

MAGILLIGAN F.(1), NISLOW K.(2), RENSHAW C.(1), GARTNER J.(1)

(1) Dartmouth College, LEBANON, UNITED STATES ; (2) USDA-Forest Service, NORTHAMPTON, MA,
UNITED STATES

Dams, and their subsequent removals, have profound impacts on geomorphic processes and ecologically
functioning. Dams can thus be considered natural experiments where the disturbance is fixed in time and space,
allowing the ability to test the geomorphic and hydraulic responses to a perturbation (or its removal) and to follow
these adjustments spatially and temporally. This presentation covers the type, magnitude, and spatial variability
of geomorphic responses to dams and dam removal throughout the Connecticut River watershed. To represent
the effects of flow regulation, we analyzed tributary confluences on the regulated West River, VT, where 2 flood
control dams exist. We document the time series of post-regulation channel narrowing and associated bar growth
due to the influx of tributary sediment and also identify the critical covariate response to simultaneous changes in
channel properties and flow competency. To capture the effects of dam removal, we analyzed the recent removal
of 2 run-of-river structures. Our detailed pre- and post-removal field and lidar-based results for the Homestead
Dam, NH reveal that in contrast to predictions from a widely applied conceptual model, the greatest geomorphic
change did not occur adjacent to and immediately after the dam removal. Nor did knickpoint migration, rapid
incision, or extensive channel widening in reservoir sediment occur. With thousands of dams likely to be
considered for removal/repair in the coming decades, this study helps to advance predictions of the geomorphic
response to dam removal and to elucidate the style and timing of fluvial responses to disturbances.
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Geomorphological response to weir removal: the River Twymyn, mid Wales, UK

WHITFIELD G.(1), WHITFIELD E.(2)
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LIVERPOOL, UNITED KINGDOM

Weirs are a common anthropogenic obstruction in British river systems. Historically, these physical barriers were
built in an attempt to control river flow for various purposes including navigation, managing flood risk, and
abstraction of water to operate industrial machinery. With the move towards catchment-scale restoration of river
systems, largely driven by the EU Water Framework Directive, there is a shift in thinking towards considering
removal of weirs in an attempt to restore more ‘natural’ processes to rivers whose hydrological and
sedimentological regime are fundamentally influenced by such anthropogenic disturbances. In addition to
removing the impounding effects of weirs, weir removal also increases coarse sediment connectivity between the
upstream and downstream reaches that may have been largely disconnected following construction. Restoring
more natural flow and sediment transfer patterns can lead to significant improvements for the ecological and
biological status of rivers, helping to deliver the objectives of the Water Framework Directive. However, the
sudden change of base-level that accompanies weir removal can lead to significant morphological adjustment,
both laterally and vertically, as the river adjusts to a new longitudinal profile. In this paper we examine the
potential geomorphological consequences of weir removal on the River Twymyn, a principal tributary of the River
Dyfi in mid-Wales. We demonstrate the value that geomorphologists can bring to the assessment of weir removal
projects for identifying risks and opportunities which need to be considered alongside the implications for in-
stream ecology and fauna.
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Geomorphological monitoring after dam removal

IBISATE A.(1), ACIN V.(2), BALLARIN D.(3), DIAZ E.(1), GRANADO D.(2), MORA D.(3), OLLERO A.(4)

(1) Dpt. Geography, Prehistory and Archaeology, University of the Basque Country, UPV/EHU, VITORIA-
GASTEIZ, SPAIN ; (2) ECOTER, S.C. Ecology and Land, ZARAGOZA, SPAIN ; (3) MASTERGEO, ZARAGOZA,
SPAIN ; (4) Dpt. of Geography and Land Management, University of Zaragoza, ZARAGOZA, SPAIN

A geomorphological monitoring tool was implemented following several dam removals in different case studies in
northern Spain. Hereby the example of Mendaraz dam in Urumea River is presented. Dam removal is one of the
most frequent and effective fluvial restoration actions. Nevertheless only in few occasions geomorphological
processes have been monitored. This monitoring included channel cross-sections, longitudinal profiles, lateral
and vertical dynamics of river banks measurements from fix points and marked trees, sediment grain size,
mobility and transport assessment and river bed morphologies. Geomorphological variables and field
measurements have to be adapted to the local characteristics of the channel and the channel affected by the
adjustment defined in each site. In the case study the river channel has been gradually adjusted after the dam
removal and several changes have been identified after an extraordinary flood occurred in November 2011. The
monitoring methodology was effective and could be applied to other cases.
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Hydromorphological adjustments and re-adjustments of low energy rivers in a sub-urban catchment
following historical engineering and recent urbanization
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According the EU Water Framework Directive (WFD, October 2000), European rivers and streams have to attain
“good ecological status” through the preservation and restoration of aquatic environments by 2015. Member
States of the European Union will have to ensure environmental continuity through “the adequate distribution of
fish species and transport of sediments” that is undermined, longitudinally, by the impacts of transverse
structures, such as weirs and dam, or laterally by structures such as levees, dikes and bank protection.

In France, more than 60,000 transverse structures have been identified on rivers as being obstacles to ecological
and sedimentary continuity. Because of their historical occupation by societies, rivers flowing in the Paris area
have long been anthropized and artificialized. River courses, channel shape, sediment transport and hydrological
regime modifications have tremendously transformed the hydrosystems surrounding the city of Paris.

In addition to these ancient pressures a rapid and massive urbanization of the suburban areas around Paris has
applied a new type of constraint to the hydrosystems in recent decades. This undermines the balance that was
established following ancient engineering and disturbs the current functioning of the majority of valleys. These
new types of land occupation have significantly altered the ecological conditions and transformed the
hydrological responses of rivers.

In this study, we therefore seek to understand these processes of successive adjustments (ancient and recent) of
small rivers from the urban margins of the Orge watershed (to the south of Paris). We use a multi-scalar spatial
and temporal approach, and employ multi-disciplinary techniques based on local and global scales, geography,
history, ecology and hydrology. Our goal is to provide a set of results to several disciplines through a transversal
approach in order to assist decision makers in restoration planning.
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Long term impacts of flow abstraction upon basin scale sedimentation processes in an Alpine valley
system

REGAMEY B., LANE S.N., MICHELETTI N.
IGD, Universite de Lausanne, LAUSANNE, SWITZERLAND

Flow abstraction and diversion to water storage systems is a common element of Alpine hydro-electric power
schemes. However, such systems are commonly associated with exceptionally high sediment production rates,
necessitating very particular approaches to sediment management. Commonly, whilst water is abstracted,
sediment (both coarse and fine fractions) is left behind. In order to avoid infrastructure failure, the latter is
commonly designed to allow sediment to pass in short duration high magnitude sedimentary floods. The
importance of such schemes aside, there has been relatively little investigation of the geomorphic impacts of
such sediment management systems. In this paper, we present results from two spatio-temporal scales of
analysis in order to establish these impacts. The first applies image processing to archival aerial photography to
document the long-term impacts of flow abstraction and sedimentary floods in the Val d’'Héréns, Switzerland.
Results show that flow abstraction significantly reduces the time when the river was competent to transport
sediment, and hence the total sediment transport capacity. The result has been a temporary disconnection of
sediment flux through the system, and reflected in significantly reduced rates of sediment delivery to Lac Léman
downstream. However, the image analysis also shows that whilst sedimentation was initially restricted to close to
the abstraction sites, this sediment has been progressively reworked through a succession of sedimentary
floods, causing deposition sites to move progressively further downstream. These deposition sites are
themselves constrained by geomorphic forcing, centred on reaches of lower river bed slope and with sufficient
lateral accommodation space. The implication of these observations is that the sediment flux will eventually
reconnect with the main valley stems further downstream. The second scale sought to quantify this response in
more detail by laser scanning on a 400 m river reach.
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On the use of floodplain landforms to generate flood risk maps

DEMERS S.(1), OLSEN T.(1), BUFFIN-BELANGER T.(1), BIRON P.(2)
(1) Universite du Quebec a Rimouski, RIMOUSKI, CANADA ; (2) Concordia University, MONTREAL, CANADA

Flood hazard maps are often produced by hydraulic simulations that predict water levels at discharges of given
frequencies. The hydraulic approach presents the conditions at one given time in the life of the river and thus
marginalizes the effect of time trajectories in both hydrological and morphological conditions. In contrast,
hydrogeomorphology (HGM) conceives the floodplain as a physical object resulting from ongoing long-term river
processes and represents the extent where flood hazards should be expected. In Quebec (Canada), HGM
understanding of river processes and landforms has yet to be considered for flood risk maps and implemented in
floodplain regulations. This stems in part from a lack of appropriate HGM mapping guidelines specifically aimed
towards risk management. We propose a typology for mapping floodplain forms based on prior HGM practices in
order to adapt mapping guidelines to various floodplain styles. This typology is applied to three rivers located in
southern Quebec (Canada): the Matane (50 km), Yamaska Sud-Est (3 km) and De La Roche (3 km). These
rivers present contrasted floodplain styles of different flow energies and landform arrangements. For the Matane
River, increased discharges due to climate change as well as in-channel sedimentation in the most heavily
populated zones of the floodplain yields high uncertainty - or low life expectancy - of risk maps produced from
hydraulic simulations. A quantification of flood processes using 1D simulation (HEC-RAS) gives a detailed
understanding of flood hazards on the three floodplains. Our analysis shows how specific floodplain landforms
are related with flood hydrodynamics and how they can be used to infer flood hazards. This leads to general
guidelines for the appropriate integration of HGM landforms along with hydraulic simulations in flood risk
management which are considered based on Quebec regulations.
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Inherited rivers. Anthropogenic changes in the low energy rivers in W France from 1500 BC and
implications for their current management

LESPEZ L.(1), VIEL V.(1), GERMAIN-VALLEE C.(2), ROLLET A.J.(1), GERMAINE M.A.(3), CADOR J.M.(1),
DELAHAYE D.(1)

(1) Geophen-LETG Caen-UMR 6554 CNRS, UCBN, CAEN, FRANCE ; (2) Service Archéologique du Conseil
Général du Calvados, CAEN, FRANCE ; (3) LAVUE-UMR CNRS 7218, UNIVERSITE PARIS OUEST-
NANTERRE-LA DEFENSE, FRANCE, FRANCE

European WFD promotes restoration of ecological continuity of aquatic environments and of hydromorphological
conditions. In this paper, we propose to put it into perspective by determining the role of heritages in modern
systems. In western France, the small rivers constitute mainly inactive rivers of low energy circulating within
cohesive alluvial plains. Geomorphological, research conducted in Normandy proposes a model of their long-
term evolution. The Time of Nature is characterized by multichannel anabranching rivers in wetland environment.
From the 2™ mil. BC, sedimentary archives show increasing overbank silty deposition while the fluvial systems
become meandering. This change is the result of the erosion of soils due to increase in cultivated area and
connectivity within the catchments. From the Antiquity, the time of hydraulic control is characterized by the
creation of drainage ditches, leats, mills that had the consequence of controlling the channel. In the 18th c., a mill
could be found every 1.3km along a river. Thus, repercussions of exploitation of the catchments, followed by
hydraulic control complete the metamorphosis by creating societal/environmental system of substitution whose
equilibrium has been maintained by societies for more than a millennium. So, the temptation of nature that has
taken hold of some experts needs to be forgiving because we will never restore the river as they were before.
Having assimilated the issues of biodiversity loss, we have to manage inherited channels. From a practical
viewpoint, we need investigations integrating sedimentary heritage to assess the equilibrium state of the current
rivers. Furthermore, reflexion on the reference model should be open and take into account the relationship with
the floodplain while the restoration works conducted are more often focused on the channel. To conclude, we
promote the use of a holistic approach of these ordinary waterways including long-term dynamics.
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Landscape Connectivity in Hilly Catchments on Middle Paraiba do Sul River Valley, Southeastern
Brazilian Plateau

PEIXOTO M., DEL POZO I.F.
Federal University of Rio de Janeiro, RIO DE JANEIRO, BRAZIL

In hilly catchments of Middle Paraiba do Sul River Valley, Southeastern Brazil, different types of erosion
processes and mass movements are associated to regional reorganization of drainage systems along the
Holocene. This study presents river and connectivity analysis done on 4™ order river basins representative of
regional quaternary evolution patterns identified by previous stratigraphic and geomorphologic work developed at
Southeastern Brazilian Atlantic Plateau, aiming to contribute to river and basin management. Methods adopted
comprised: a) mapping quaternary depositional features on valley flats and drainage headwaters concave-plane
hollows, accomplished with a semi automatic procedure adapted from Correa (2008), using a 10m resolution
DEM generated with 1:5,000 topographic charts of Volta Redonda Municipality; b) land cover and land use
mapping using lkonos satellite images (2009), provided by Geoeye; c) erosion and river geomorphic features
mapping, based on Castro et al. (2002) and Peixoto et al. (2010). The maps generated on 1:25,000 scale
allowed the recognition of buffers and barriers (according Fryrs et al., 2007) related to different geomorphic
features, their spatial distribution and permanence, which are associated to Quaternary landscape evolution,
determining the significance of connectivity maps generated. Erosive and mass movement processes connect
slopes, valley flats and drowned headwaters to main streams, but also create new features of disconnectivity,
like swamps and “empty” valleys, which hydrologic function and potential for river rehabilitation have been
investigated.
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Sediment connectivity in the upper Thina River, Eastern Cape, South Africa

VAN DER WAAL B., ROWNTREE K.
Rhodes University, GRAHAMSTOWN, SOUTH AFRICA

Landscape connectivity has been transformed in catchments worldwide, which has implications for the spatial
transfer of sediment. In the Thina River catchment, Eastern Cape, South Africa, an important high rainfall water
resource, subsistence farming on communal land led to overgrazing, which increased soil erosion and led to the
formation of extensive gulley networks. This increased the slope-channel connectivity and increased the runoff of
the system, cutting into valley fills and reducing the chances of channel-floodplain connectivity. Sediment is thus
efficiently exported from the system and has effects on the sustainability of downstream water resources. Work is
in progress to investigate historical changes to slope-channel and channel-floodplain connectivity in relation to
land use and climate changes. The research approach will be outlined and preliminary findings presented.
Anticipated results will include mapping of slope-channel connectivity over the last 50 years and dating (OSL and
Pb-137) of floodplain sediments, paleochannels and selected terraces.
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Characterising Urban Rivers to support their Sustainable Management

GURNELL A.
Queen Mary, University of London, LONDON, UNITED KINGDOM

In order to improve understanding of associations among fluvial processes, vegetation, engineering modification
and the form and dynamics of urban rivers, survey and assessment methodologies are needed. Such
methodologies need to record information on the detailed physical properties of urban rivers and their margins in
a consistent way that is susceptible to statistical analysis. A number of surveys have been developed to
characterise rivers and their corridors but few have been developed specifically for application to urban water
courses. The Urban River Survey is one such survey.

This paper describes the URS, the indicators that are derived from it and the web tool that handles the data.
Results from its application in the UK will be reported. In particular, analysis of URS data reveals the degree to
which river engineering constrains the morphological characteristics of urban rivers and their dynamics, and it
also provides a way of tracking trajectories of river adjustmant in response to changed engineering or
rehabilitation activities. These results provide a framework within which management approaches can be
designed and their success documented.
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Geomorphological assessment of urban river reaches: results and discussion of five case studies (North
Italy)

GUSMAROLI G.(1), CEDDIA M.(2), SOGNI D.(2), MANNUCCI G.(3), DOTTI N.(3), PARINI M.(4)

(1) Studio Ecoingegno, VENICE, ITALY ; (2) Progepiter srl, MILANO, ITALY ; (3) ARPA Lombardia, MILANO,
ITALY ; (4) Regione Lombardia, MILANO, ITALY

Urban river restoration is worldwide recognized as a current issue both for river basin management and for urban
planning strategies. Typically urban waterfronts constitute unnatural borders for river channels and correlated in-
stream infrastructures interrupt the longitudinal river continuum, thus making towns to be actual bottlenecks for
fluvial eco-dynamics and increasing natural risk conditions (undesired floods and morphological un-stabilities)
both locally and up/downstream.

In order to effectively support river management, it is commonly known that a comprehension of fluvial
geomorphic processes (past trends and future trajectories) could properly underpin decision making processes.
This assumption finds a challenging field of application within urban reaches of watercourses, where giving room
to river dynamics (or being subjected to the effects of such a strategy adopted up/downstream) represents a
tough socio-economic tangle.

This paper presents the outcomes of the hydro-geomorphologic assessment campaign led on five rivers in the
North of Italy (Lambro, Seveso, Olona, Mella, Staffora, with an investigated total length of about 500 kilometres),
all of them identified as Po river tributaries flowing within Lombardia administrative territory and characterized by
an high degree of urbanization along respective corridors. The study is part of a broader ongoing project
("Progetto Fiumi", promoted and funded by Lombardia Region and implemented by Lombardia Environmental
Protection Agency), aimed at assessing ecological conditions of the watercourses above mentioned and
supporting catchment scale planning in order to accomplish WFD requirements. The assessment methodology
adopted is the one finalized to obtain the Morphological Quality Index (Rinaldi et al., 2012) for each investigated
reach. Final discussion concerns the meaningfulness of the information obtained and its possible usefulness for
management purposes.
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Reach-Scale Index for Sand-Bed Channels

COTTON G.
GK Cotton Consulting, GREENWOOD VILLAGE, UNITED STATES

The development of a reach-scale index for sand-bed channels is presented. The index provides a quantitative
means of scaling a prototype reference reach to other reaches within a watershed. The index is shown to be
insensitive to a wide range of commonly used sediment transport equations that have been developed
independently for sand-bed channels. The index can be applied to the assessment and design of stream
restoration projects, where the physical processes of water and sediment transport play a dominant role in the
form of the stream channel. The scaling of sand-bed morphology is compared to scaling relationships for cobble
and gravel bed streams. Stream data from four independent studies of sediment transport for 91 streams in the
western United States was used to compare scaling relationships. These data suggest that channels near
threshold conditions (i.e. cobble bed channels) have width and depth that are largely independent of sediment
transport, while channels with higher sediment transport (i.e. sand-bed channels) must include sediment
transport in the scaling of channel width and depth. A computational method is demonstrated for the application
of the index method.

*kkkkkkkkhk

Reflections on the application of the 'Freedom space' river management approach to help mitigate climate
change impacts on three rivers of southern Québec, Canada

BUFFIN-BELANGER T.(1), BIRON P.(2), LAROCQUE M.(3)

(1) Universite du Quebec a Rimouski, RIMOUSKI, CANADA ; (2) Concordia University, MONTREAL, CANADA ;
(3) Universite du Quebec a Montreal, MONTREAL, CANADA

Projected climate change involves modification of the hydrological regime that will in turn affect river dynamics:
longer periods of low flow, increased risk of flooding as well changes in bank erosion patterns are likely to occur.
In Quebec, the current river management policy does not allow for the consideration of such changes. The
development of management tools adapted to climate change is thus needed to ensure sustainable management
of rivers. In this paper, we present the results from the application of a “Freedom space” approach on three
contrasted rivers of southern Québec: De la Roche, Yamaska Sud-Est and Matane. This approach seeks to
strengthen the resilience of river systems by leaving a space of freedom to rivers rather than forcing them to
move inside a buffer strip of fixed width. The approach is based on the hydro-geomorphology of rivers and it
combines three distinct spaces to maintain natural river dynamics : flooding, mobility and integrity, the latter
including wetlands. The methodological tools to determine the minimum space required for ecological integrity
that also minimizes the risks associated with bank erosion and flooding in the current and future climate are
described for a range of geomorphological contexts. Dynamics and connectivity between wetlands and rivers
within the freedom space are also examined for the river De la Roche and Matane. Finally, a cost-benefit
analysis compares the current management of rivers based on frequent interventions (eg bank stabilization) with
the space of freedom.
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Fluvial Geomorphology in Practice: Lessons learnt in the development and application of the River Styles
framework

BRIERLEY G.(1), FRYIRS K.(2), TADAKI M.(1)

(1) The University of Auckland, AUCKLAND, NEW ZEALAND ; (2) Macquarie University, NORTH RYDE,
SYDNEY, AUSTRALIA

Everything is contextual! The primacy of place-based understandings with which to inform landscape
interpretations and management applications is increasingly recognized. Rather than relying unduly on
conceptual or theoretical representations of landscapesthat suggest how the world ‘should’ ideally look and
behave, appropriately contextualized, place-based understandings enable us to detect where local differences
matter. This provides a critical basis to assess the representativeness of sample or referencesites and the
transferability of insights between different locations. Many challenges must be addressed in dealing with
inherent complexities of landscape understandings and their applications. The River Styles framework was
developed as a generic toolkit to support river management applications. Inevitably, it bears the imprint of its co-
developers. In this paper we report on experiences gained in the development of this framework and associated
professional short courses, highlighting how they fashioned the (re)framing of this pedagogic toolkit. In this
‘learning’ approach to river science and management, procedures are open-ended and flexible, enabling them to
be adapted to any given situation in an uncertainty-embracing form of science-management interactions. This
presents a notable contrast to more prescriptive (cookbook) applications. Significant implications of this work
include the development of skill sets with which to apply these principles and steps taken to establish and
maintain appropriate information bases. This paper takes up the recent challenges made within physical
geography to think more broadly about the work of our science, and steps taken to action it into relevance.
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A methodological framework for hydromorphological analysis of Italian streams (IDRAIM) aimed to an
integrated management of fluvial hazard and river restoration

RINALDI M.(1), SURIAN N.(2), COMITI F.(3), BUSSETTINI M.(4)

(1) Dipartimento di Scienze della Terra, FIRENZE, ITALY ; (2) Dipartimento di Geoscienze, PADOVA, ITALY ; (3)
Facolta di Scienze e Tecnologie, BOLZANO, ITALY ; (4) ISPRA, ROMA, ITALY

Development of integrative approaches for river management is increasingly needed by public agencies across
Europe, where recent directives are aimed to conflicting objectives, while scientific frameworks designed for a
single objective are in most cases doomed to failure.

In Italy, given the high level of urbanization, flood safety is the main priority in river management, although there
is an increasing effort towards river restoration driven by the implementation of the Water Framework Directive.
Consequently, the Italian National Institute for Environmental Protection and Research (ISPRA) has promoted a
research program with the objective of developing a comprehensive methodological framework (named IDRAIM)
to support management of river processes, integrating the objectives of the Water Framework and Flood
Directive. The framework stems from existing experiences of geomorphological approaches developed in other
countries (e.g. the River Styles Framework), but it accounts for the specific Italian context in terms of channel
adjustments and human pressures, and includes the fluvial dynamics component. Some key characteristics are
the following: (1) the method builds on a catchment-wide spatially hierarchical framework; (2) the temporal
component of the analysis is explicitly accounted; (3) channel dynamics and its implications in terms of fluvial
hazards are explicitly accounted for.

The general structure includes the following four stages: (1) catchment-wide characterization of the river system,
including an initial setting and segmentation of the river system; (2) analysis of past channel evolution, leading to
an assessment of present morphological quality and channel dynamics; (3) evaluation of potential future
trajectories of channel morphology; (4) integrated management aimed to improvement of river morphological
quality and mitigation of channel dynamics hazards.
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Making space for geomorphic processes: the example of buffers for rivers

RUTHERFURD |I.
The University of Melbourne, MELBOURNE, AUSTRALIA

The theme of this conference is geomorphology and sustainability. A key to managing geomorphic processes
sustainably is to give those processes room to operate. Buffers along streams both protect the river system from
human impacts, but also protect humans from bank erosion, deposition, and flooding. The majority of literature
on buffers relates to protecting stream water quality. In this talk | will review situations where buffers can be
successfully used around rivers — in particular for meander migration, avulsions, and anabranch development —
and review approaches to predicting the width of the buffers required. | also demonstrate how the width of the
buffers can potentially be reduced by revegetating stream banks with dense native vegetation. Such buffers have
been used with success in several areas of the world, but there are also examples where such buffers have been
counterproductive. | explore the planning and policy challenges of implementing such buffers in practice.
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Potential and actual geomorphic complexity of restored streams in headwater streams of northern
Sweden

POLVI L.E., NILSSON C.
Umed University, UME&, SWEDEN

Ecological theory suggests that habitat heterogeneity and species richness are positively correlated; therefore
stream restoration often relies on increasing geomorphic complexity to promote biodiversity. However, to enable
sustainability the restored channel complexity should be based on the potential complexity for a given site, as a
function of valley and catchment characteristics. Our objectives are to evaluate stream restoration effects after
timber floating, by: (1) quantifying post-restoration changes in geomorphic complexity in four geomorphic
aspects: longitudinal, cross-sectional, planform, and sediment texture; (2) constructing pre- and post-restoration
geomorphic complexity gradients, and (3) determining trajectories of potential complexity. We focus on tributary
channels in boreal forests of northern Sweden, where stream modifications associated with log-floating from the
1850s-1960s created highly simplified channels. Driven by concerns for fish, restoration began in the 1970s, with
the return of large cobbles and boulders from the channel edge, and evolved into 'demonstration restoration,’
placing very large boulders and trees into the channel, reopening side channels, and constructing fish spawning
areas. We evaluate 22 reaches along tributaries of the Vindel River in northern Sweden, with four levels of
restoration status: channelized, restored, demonstration restoration, and unimpacted. Detailed morphologic,
sediment, and instream wood data allow calculation of 5-15 metrics of fluvial complexity for each geomorphic
aspect. We compare the complexity metrics by restoration status using ANOVAs and use multivariate ordination
to create a complexity gradient. We use these comparisons and characterizations of valley and catchment
characteristics to evaluate if trajectories of change in morphology due to reach-scale restoration efforts track with
potential reach complexity.

788



S19D - Other subsessions

The effects of river restoration on flood risk and flood hydrology

DIXON S.(1), SEAR D.(1), ODONI N.(2)

(1) University of Southampton, SOUTHAMPTON, UNITED KINGDOM ; (2) University of Bristol, BRISTOL,
UNITED KINGDOM

The addition of large wood to river channels during river restoration projects is a popular method of attempting to
improve physical and biological conditions in degraded river systems. Projects utilising large wood can involve
the installation of engineered logjams (ELJs), the planting and enhancement of riparian forests or a combination
of both. The success of such restoration projects in improving biotic and geomorphic conditions has been
documented; however one aspect which has hitherto received very limited attention in the literature is the effect
on catchment flood hydrology.

Altering the wood loading of a channel through installation of ELJs and increasing floodplain surface complexity
through encouraging mature woodland could be expected to increase the local hydraulic resistance, increasing
the timing and duration of overbank events locally and increasing the travel time of a flood wave through a reach.
This reach-scale effect has been documented in models and the field. The impacts of these local changes at a
catchment scale remains to be explored. Catchment scale effects are particularly import where headwater
stream restoration is upstream of vulnerable urban locations.

We present results of a numerical modelling study based on a 98km? catchment using OVERFLOW; a simplified
hydrological model. We investigate the effects on catchment scale flood hydrology of implementing three
restoration scenarios (using ELJs alone, using riparian forest restoration and a combination of riparian forest and
ELJ installation) at scales from reach to sub-catchment.

We demonstrate that changes to catchment flood hydrology are highly location dependant and downstream flood
peaks can increase with synchronisation of sub-catchment flood waves. We constrain magnitude estimates for
increases and decreases in flood peaks for modelled restoration scenarios and scales. Finally we analyse the
potential for using river restoration as part of an integrated flood risk management strategy.
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The role of geomorphic processes in the sustainability of large wood loads in rivers: A Bayesian
approach

STOUT J., RUTHERFURD I|., WEBB A.
University of Melbourne, PARKVILLE, AUSTRALIA

A growing worldwide literature is demonstrating the geomorphic and ecologic roles played by wood in streams.
After a century of removing wood from streams in many parts of the world, many restoration projects now include
extremely expensive reintroduction of wood. Managers are also revegetating cleared stream banks. In large
lowland rivers, bank erosion is often the most important mechanism delivering wood to streams. For planning of
stream management works, the important question is how long it will take (decades to millennia) for streams to
recover an adequate wood load, with and without interventions? We report on a study into rates of wood
accession and depletion in Victoria, Australia. The study is based on possibly the world’s largest survey of in-
channel wood, in which large wood has been mapped by high-resolution aerial photography in over 27,000 km of
Victoria’s largest streams. This data-set can be combined with LIDAR data, and field-truthed measures of
reference sites, providing a cumulative estimate of the effects of the processes driving the mass balance of wood
to these systems. Further field work and data mining will be done to populate the parameter spatial distributions
of delivery and removal of wood from the river channel.

Over large stream networks, and centuries of time, the gains and losses of wood can be considered in
probabilistic terms. A Bayesian statistical approach allows us to model latent (i.e. unknown) parameters as
random variables that describe the physical processes driving the addition and loss of wood within reaches
across the large network. The model can be used to probabilistically predict future wood loads, addressing the
rates of recovery from anthropogenic disturbances, with and without different interventions. An important
feedback element of the model is the effect of in-stream wood on bank erosion rates, and bed sediment transport
rates. | report on methods used to develop and apply the model to Australian rivers.
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Assessing the success of river restoration projects through Geomorphology

PEETERS A.(1), VERNIERS G.(2), DE LE COURT B.(3), HALLOT E.(1), HOUBRECHTS G.(1), PETIT F.(1)
(1) University of Liege, LHGF, LIEGE, BELGIUM ; (2) University of Namur, URBE, NAMUR, BELGIUM ; (3)
Service Publiqgue de Wallonie, DECNN, NAMUR, BELGIUM

In the context of the Water Framework Directive’s goal of attaining “good ecological status”, a LIFE+ project
(called Walphy), co-funded by the European Union and the Service Public de Wallonie, was launched in 2009. It
aims to undertake experimental river restoration projects and to assess their success on the basis of ecological
and geomorphological monitoring.

Geomorphological monitoring differs depending on the type of restoration project: improvement of longitudinal
continuity or transversal continuity.

Restoration projects involving longitudinal continuity concern courses where obstacles impede the free
movement of fish and sediment. In the Bocq basin, many of these obstacles (old weirs between 1 and 3 m high)
have been removed. The release of sediment was studied using traced pebbles (PIT tags), which enable the
recovery of bedload transport to be highlighted. Additional monitoring is based on the comparison of topographic
surveys and cross-sections carried out pre- and post-removal. This can show a recovery of the natural transport
of sediment when stream bed aggradation is observed downstream from the removed dam.

Restoration projects involving transversal continuity concern straightened courses with artificial banks and
therefore poor stream-floodplain connectivity. These works consist of enhancing river channels and restoring
meanders or banks. Geomorphological monitoring is also based on surveys conducted pre- and post-restoration
work. Some reaches have been improved by the reintroduction of spawning gravel. Several methods were used
to characterize the clogging of this gravel reintroduction (hydraulic conductivity, wooden stakes). In addition, the
mobility of this gravel was monitored using traced pebbles (PIT tags).

Finally, restoration works and their stability and resistance to erosion are considered in relation to flood
characteristics (discharge, recurrence, specific stream power and shear stress).
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Morphological descriptors and typologies of French rivers as tools for managing river restoration

THOMMERET N.(1), BILODEAU C.(2), GOB F.(1), BAUDOIN J.M.(3), ALBERT M.B.(4), BELLIARD J.(4)

(1) Laboratoire de Géographie Physique UMR 8591 CNRS-Université Paris 1 Panthéon-Sorbonne, MEUDON,
FRANCE ; (2) LADYSS Université Diderot Paris 7, PARIS, FRANCE ; (3) ONEMA, AIX EN PROVENCE,
FRANCE ; (4) Irstea, ANTONY, FRANCE

The European Water Framework Directive (WFD) requires that the hydromorphological conditions of water
courses meet good ecological status. In this context, managers of water bodies need morphological descriptors
and typology in order to evaluate and quantify the impact of hydromorphological alterations on biocenoces. The
application of the WFD thus requires that “reference” characteristics should be determined. The scientific
community has agreed, however, that the definition of natural conditions is not meaningful as hydrosystems
constantly evolve through time and space.

This study aims to define hydromorphological descriptors from “reference” models and typologies integrating the
complexity of the processes at play and the diversity of the various situations. These models are based on well-
known theories that link river morphology and basin characteristics (catchment size, geology, land cover, etc.)
and build on a large set of reaches considered as relatively poorly impacted by human pressures and statistically
coherent on a regional basis.

Our data set results from a collection of about 1000 measurements of French river reaches. They have been
collected on the field at station scale following the same protocol, over the last three years and include:
topographical descriptions (width, depth, slope, etc.) of the reaches at bankfull stage, discharge measurements,
sediment size and riverine vegetation descriptions. They are gathered in the CARHYCE (river
hydromorphological characteristization) data set managed by the French National Agency for Water and Aquatic
Environments (ONEMA).

Our models allow the quantification of the reaches morphological alteration. They provide tools to manage and
better understand key parameters controlling hydromorphological pressure on biocenoces. The objective of
these “reference” models is to achieve a more natural functioning of the hydrosystem through performing
restoration operations.
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Investigating the potential of seed banks as a regeneration niche in riparian systems: Implications for
vegetation-based river rehabilitation

O'DONNELL J., FRYIRS K., LEISHMAN M.R.
Macquarie University, SYDNEY, AUSTRALIA

River systems present unique riparian environments for the study of seed banks — accumulations of viable seeds
and propagules stored within sediment. Seed banks provide multiple opportunities for plants to establish in a
range of environmental conditions and can facilitate the rapid recolonisation of vegetation after disturbance. As
such, they are recognised as an important regeneration niche and there is a strong drive to increase their
utilisation in the rehabilitation of degraded rivers and streams. We present findings of current seed bank research
conducted within the Lower Hunter River catchment in New South Wales, Australia. For two sand bed streams
we compared the vertical stratification of seed banks between geomorphic units that are characterised by
different inundation and reworking frequencies: bars, benches and floodplain. Contrary to our hypothesis that
bars would house few seeds as a result of continual disturbance, we found both very high and low seed numbers
could be present. Bench and floodplain seed banks were more consistently abundant and species-rich. In terms
of seed stratification, benches were highly variable with depth to 30 cm reflecting recurrent reworking and
deposition, whereas floodplain seed bank abundance and richness declined with depth, consistent with seed
banks formed under low disturbance and sedimentation rates. We are also investigating controlling factors on the
formation of seed banks in different geomorphic structures, such as inundation frequencies and unit exposure
times, propagule inputs from local vegetation and hydrochory (the transport and deposition of propagules by
water). We present implications for the succession of riparian vegetation in relation to both the influence of
hydrology and vegetative controls on stream geomorphology. Understanding seedbank dynamics is being
incorporated into river rehabilitation activities that focus on riparian re-vegetation.
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Hydromorphological impacts of hydrosedimentary and ecological continuity's restoration. Example of the
Yerres RIV., seine catchment, France

MELUN G.(1), ARNAUD-FASSETTA G.(1), FORT M.(1), CHALAUX E.(2), LUCAS E.(2), FOUREL S.(2),
GUESDON L.(2)

(1) Université Paris Diderot, PARIS, FRANCE ; (2) SYAGE (Syndicat mixte pour I'Assainissement et la Gestion
des Eaux du bassin versant de I'Yerres), MONTGERON, FRANCE

The European Water Framework Directive (WFD) aims to achieve “a good ecological and chemical status” by
2015. Hydromorphology influences ecological status in three ways: (i) hydrological regime (flow and
groundwater), (ii) morphological conditions, and (iii) longitudinal and transverse continuity of rivers. Physical and
ecological impacts of those structures upon hydrosystems are known, but removal’'s impacts are misunderstood
due to lack of scientific feedbacks. According to particular methodology, based on field measurements and
modelling, we aim at characterizing and quantifying hydromorphological impacts of dam removals on riverbed
and bank structures. This study is applied to the Yerres watershed particularly significant due to its anthropic
pressure conditions. We study limnimetric adjustments, stream power variations, transport capacity variations
and riverbanks dynamics in no-dam context, at the reach scale. Our results show that there is a clear
morphological adjustment of the riverbed and bank structures, even though locally those possibilities are
constrained by anthropogenic facilities. Run-of-the-river dam removals result in: (i) systematic lowering of water
level, (ii) shrinkage of the cross-section, (iii) increase of stream-power and transport capacity, proportional to
uncompartmentalised context (calculated values are locally greater than 35 W/m?, hence suggesting that flow
would have theoretical capacity to modify the channel geometry notably in sections without protection); (iv) clear
recovery of bank erosion processes during flood events. Finally, our study demonstrates that the Yerres River
can be hydromorphologically restored; yet higher hydrodynamic conditions in no-dam context involve new issues
particularly in relation with the human occupation of the Yerres's valley (wetlands and channels disconnection,
patrimonial buildings destabilization, impacts on recreational uses), that river managers have to consider.
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Poster presentations:

Measurement of Hydraulic Head Distribution below River Bed at around Alluvial Fan End: Case Study in
the Inukami River, Central Japan

KURASHIGE Y.
The University of Shiga Prefecture, HIKONE, JAPAN

Hydraulic head distribution below river bed was measured at around alluvial fan end of the Inukami River, Central
Japan. Ten measurement sites were set at 2 m intervals in a flow direction. At each measurement site,
piezometers were set at two different depths. Water level in the piezometer was measured with a digital caliper.
A digital caliper was attached with a hand-made connecter, and this connecter can easily set at the top of each
piezometer. The caliper was set on each piezometer using this connecter at each measuring time. Accuracy of
the water depth measurement in the piezometer was 0.14 mm. The measurement revealed that local water
circulation appears in the longitudinal cross section during normal condition and just after a rainfall event. In
contrast, several days after a rainfall event, upwelling of groundwater occurs at almost all sites.
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Restoration of Dynamic Processes - Hydro-geomorphological Research in the Riparian Forest between
Neuburg and Ingolstadt

CYFEKA B., FISCHER P., HAAS F.
Catholic University Eichstaett-Ingolstadt, EICHSTAETT, GERMANY

Within the framework of a restoration project eight working groups of different scientific disciplines have been
operating since 2009. Major objective of this interdisciplinary project is to foster the dynamic processes on the
floodplain. Further object is the identification and analyses of hydro-geomorphological processes and their impact
on for vegetation and fauna.

Several measures are being taken to achieve these objectives. First there is a permanent bypass river going
round the dam of a hydro power station with a discharge of up to 5 m?s. Furthermore, ecological floodings are
conducted and a groundwater drawdown is in action. These dynamic features shall create habitats with different
ecological conditions. Oscillation of water level is one of the most important preconditions for a sound riparian
ecosystem. Therefore the evoked hydro-geomorphological processes are being monitored.

River morphology is controlled by terrestrial laser scanning and large scale mapping by a drone. After analysing
the results of this surveillance it will be possible to determine erosion and aggradation rates at selected undercut
slopes and point bars. First dislocations of the river course have already been detected and flooding areas were
identified. Further methods such as measurement of bed and suspended load, cross profiles and mapping of the
river bed are complementary research work.

To understand the effects of the controlled discharge on river morphology is an exciting field experiment with
nature-like circumstances. The aim is to detect the interaction of the permanent bypass and the ecological
floodings with the biotic nature by applying the mentioned mixture of methods because the interdependencies
have not fully been understood so far.

At the end recommendations shall be given in order to control discharge and floodings which will be important for
a sustainable development of sensitive riparian ecosystems.
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Spatial distribution of cutoffs on the Peixe River, Brazil

MORAIS E.(1), HOOKE J.(2), ROCHA P.(1)

(1) Séo Paulo State University, PRESIDENTE PRUDENTE, BRAZIL ; (2) University of Liverpool, LIVERPOOL,
UNITED KINGDOM

The aim of this study is to investigate the spatial distribution of meander cutoffs on the Peixe River, Sdo Paulo
State, Brazil. The river is a tributary of the Parana River and exhibits a meandering pattern with a remarkable
alluvial valley which possesses features such as oxbow lakes and paleochannels. Landsat 5/TM images have
been analysed between 1985 and 2010 at intervals of five years for a 60 km reach of the Peixe River. Images
were geometrically corrected and the fluvial channel was digitized. The results have shown 21 cutoffs along the
reach and a trend of cutoffs has propagated upstream. There is a concentration of cutoffs (60%) related to the
formation of a secondary channel resulting from an avulsion process (~12 Km). This concentration of cutoffs is
intensified upstream after 1995. In 1998 with the construction of a dam at the Parana River, a 4 km segment of
the Peixe River confluence was transformed into a reservoir. Cutoff processes have been approached in a
multitude of different ways, however an examination of the influence of base level change on the spatial
distribution of cutoffs should be considered.
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Determining soil flux from small riparian areas colonised by the invasive plant, Impatiens glandulifera on
a small watercourse in northwest Switzerland

GREENWOOQOD P., KUHN N.
University of Basel, BASEL, SWITZERLAND

Impatiens glandulifera (common English name: Himalayan Balsam) was introduced into Europe in the mid-19"
century. Its invasive tendency has facilitated its expansion throughout mainland Europe due to certain lifecycle
traits which have allowed it to become rapidly established and out-compete most native floral species. Its
favoured habitat includes damp, nutrient-rich soils which experience frequent natural disturbance, such as
riparian zones. Once present, watercourses then inadvertently act as conduits that facilitate the downstream
movement of seeds into un-contaminated parts of the catchment. They then form into discrete mono-cultural
stands that typically range in area from a few m? to >150 m™. Impatiens glandulifera is cold-intolerant and
experiences rapid ‘die-back’ in temperate countries during the first frosts. This can increase the susceptibility of
riparian areas previously occupied by I. glandulifera to soil detachment and erosion by impacting raindrops and
surface runoff. This communication reports the preliminary findings from on-going work conducted in a
contaminated sub-catchment of the Birs River, northwest Switzerland. The investigation sought to quantify soil
flux from a number of discrete riparian areas occupied by I. glandulifera before, during and after the die-back
period. A technique using erosion pins and an erosion bridge was employed to micro-profile the soil surface, as
this caused the least disturbance when measuring through vegetation. Initial soil surface profiles were
established at predetermined locations within five contaminated sites before die-back occurred, and at five
nearby uncontaminated reference sites. Soil surface profiles at all 10 sites were then re-measured each week.
The average change in the soil surface profile (mm Week'l) was quantified for each site, converted to an
equivalent soil flux value (kg m* Week'l) and the results were compared for both groups.
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River channel recent dynamics in relation to floods in the Curvature Carpathians (Romania)

GRECU F., IDANA-TOROIMAC G., DOBRE R., ZAHARIA L.
University of Bucharest, Faculty of Geography, BUCHAREST, ROMANIA

Our previous studies showed that rivers coming down the Curvature Carpathians’ region (including mountainous
and subcarpathians areas, and the adjacent plain) cross a channel narrowing stage. This process is due to
several factors: on a geological timescale, it is the consequence of neotectonics (Carpathians’ uplifting and an
active subsidence in the plain) and channel incision; on a historical timescale, it is the consequence of human
interventions (dams, dykes...) and sediment load decrease. In this general context, we intend to continue
analysing these evolutionary aspects by focusing on the relation between channel's dynamics and floods,
especially because since 2005 important floods impacted on these hydrosystems. How these floods modified
channel’s morphology? Erosion and lateral reactivation, incision or aggradation? Which is the impact on the
transport capacity of the channel and, consequently, on future inundations? In order to understand this relation,
our study takes into account: aerial photos from 2005 and 2009; cross profiles before and after the floods; water
discharges and suspended sediment loads. The comparison between the aerial photos shows the 2D evolution;
the comparison between the cross profiles completes the analysis by a 3D image of the channel dynamics; the
water discharges and suspended sediment loads allow us to characterise the floods. The preliminary results
show that: 1) in the case of Buzau River and Teleajen River, the most affected reaches, near bridges, suffered
from an incision process during these floods and, consequently, they were anthropically adjusted in order to
diminish water’s velocity; 2) in the case of Prahova River, the narrowing process continued despite the floods of
2005 and 2007.
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Flow variability in large tropical river systems in the Amazon

MANYARI W.
University of Brasilia, BRASILIA, BRAZIL

Growing use of water resources, especially for generating power, has been observed across the globe. Scientific
knowledge concerning the dynamics of flow — covering factors such as magnitude, frequency and duration — is
scarce in relation to large tropical river systems. The role sediment load plays in preserving the ecological
integrity of ecosystems along the banks and in the estuaries of alluvial rivers should not be ignored. Besides
examining several features of the extremely complex, dynamic behavior of rivers in the Amazon on the basis of
statistical surveys, the present study thus aims to serve as a starting point for formulating management strategies
that take due account of the need to preserve the connection between the surrounding plain and the river
channel, which is interrupted by a reduction in the frequency and extent of floods and an almost complete
suppression of sediment load. Attempts to offset the impacts the installation of dozens of hydroelectric schemes
is expected to produce as a result of the new economic cycle under way in the Amazon region should therefore
reach beyond the fragmentary approach to flow variability, in which only the minimum flow levels are computed
when it comes to defining a so-called ecological flow. The present study analyses the components of the flow
regimen for three major rivers in the Amazon Basin (Xingu, Tocantins and Madeira) in stretches immediately
downstream from locations where damming is either planned or has already been undertaken for power
generation purposes. This introductory analysis seeks to describe the heterogeneous space-time pattern as a
key strategy for maintaining ecological integrity with ecotone statistics typical of riverside environments in the
Amazon.
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Comparison between bedload transport rates estimated with tracer-clasts and results given by theoretical
equations in an atlantic mountain stream (Piguefia rivers, NW Spain)

VAQUEZ-TARRIO D., ROSANA M.D.
INDUROT (Universidad de Oviedo), MIERES, SPAIN

High-order reaches placed in mountain basins show an important decrease in slope when compared with the
immediate upstream low-order channels and this occur very close to the sediment producing areas.
Consequently, coarse sediment deposits develop into these reaches. Then, channel bed sediment typically falls
in coarse ranges of grain sizes, being bedload transport sporadic and occurring with flow conditions close to the
threshold ones.

Rivers from NW Spain are defined by this situation, dropping by 2,000 m in a short path (50 km). Thus, drainage
networks with relatively steep slopes and where channel bed sediment is typically coarse make appearance.

We selected Piglefia river basin and we used tagged stones (painted and with inserted magnets) to trace bed
sediment movement during flood events. By this way, we could estimate bedload transport rates between 1.1 to
4.0 kg/s for three flood episodes. After doing that, we decided to apply nine different transport equations in order
to compare the output values given by these formulas with the bedload rates estimated previously with the
tracers.

None of the chosen equations performed adequately: all of them tend to overestimate when compared with the
tracer results, being the Wilcock-Crowe (2003) equation the only exception to that. For us, the main reason
explaining this general overprediction is related with bed structures and textures. These equations assume how
the channel will carry the entire load which is able to transport, without taking into account potential limitations in
the sediment supply.

But in these rivers, armouring is ubiquitous, and together with structural arrangements could increase the
resistance to transport entrainment, inducing a competent-limited situation and reducing the supply of sediment
coming from bed surface. Wilcock-Crowe introduces complex corrections into the “hiding fuction” and considers
the effect of sand content on entrainment; this could explain why it performs better.
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A multi-scale framework for assessing processes and forms within European Rivers

GURNELL A.
Queen Mary, University of London, LONDON, UNITED KINGDOM

This poster is presented on behalf of the WP2 team of the REFORM programme.

The REFORM (REstoring rivers FOR effective catchment Management) research programme is an EU FP7
funded collaborative project involving 25 partners drawn from 15 European countries. The team working on work
package 2 (WP2) are devising a multi-scale framework for assessing the hydrogeomorphological functioning of
European rivers to underpin the hydromorphological and ecological objectives of the Water Framework Directive.
This poster will present the approach being adopted. This includes the definition, delineation, and
characterization of a nested hierarchy of spatial units from catchment to geomorphic unit scales. It also includes
the indicators that are being considered to support understanding of current river geomorphic functioning and its
historical dynamics and to provide a context for assessing sensitivity to future changes in environmental
conditions or management prescriptions.

795



8th IAG International Conference on Geomorphology, Paris 2013

Time-history of the gravel sheet in Ardennian rivers over the last 100,000 years

HOUBRECHTS G., DENIS A.C., JUVIGNE E., PETIT F.
University of Liege - Department of Geography, LIEGE, BELGIUM

It is generally held that, in north-western Europe, the main part of the gravel sheets under river beds were
deposited during the Weichselian period in a periglacial environment. However, other parameters such as
propagation of knickpoints in fluvial networks may also influence incision or aggradation. However, only few
studies have dated the periods of formation of the gravel sheets and have described their properties.

The first aim of this research was to determine the thickness of the gravel sheets still remaining under the river
beds and to estimate the potential incision of these rivers before reaching the bedrock. Then we tried to answer a
number of other questions: When did these thick gravel deposits fill the valley bottom? When were the lowest
terraces abandoned? When did the rivers incise the bedrock? What is the morphology of the bedrock under the
gravel layer?

Numerous boreholes were made by percussion drilling in different floodplains of the Ardenne Massif and core
samples were taken, down to the bedrock. Afterwards, different volcanic tephra from the Late Pleistocene were
used as stratigraphic markers to date the relative periods of terrace formation and to reconstruct the past
evolution of the gravel sheets. Pollen and metallurgic slag were also used to date the periods of bed level
evolution.

In the Ardennian massif, the thickness of the gravel sheet beneath the river beds is very variable (from 10 m in
the downstream part of the Ourthe River to less than 1 m in the upper catchments). In some valleys, weathered
bedrock has been observed under the gravel sheet to a thickness of several meters.

Different phases of accumulation and incision over the last 100,000 years have been dated. Some evolutions can
be clearly linked to climate changes but some modifications of bed levels also occurred during the Weichselian
period and could be a response to the propagation of knickpoints in the fluvial networks.
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Lithotopo units as ecoregions of fluvial systems: methodology and application

HORACIO J.(1), PEREZ-ALBERTI A.(2), OLLERO A.(3), CANOSA J.F.(4)

(1) Dept. of Geography, University of Santiago de Compostela, SANTIAGO DE COMPOSTELA, SPAIN ; (2)
Environmental Technology Laboratory. Technology Research Institute. University of Santiago de Compostela,
SANTIAGO DE COMPOSTELA, SPAIN ; (3) Dept. of Geography and Land Management, University of
Zaragoza, ZARAGOZA, SPAIN ; (4) Dept. of Geology, University of Oviedo, OVIEDO, SPAIN

A lithotopo unit (LU) is an area with the same lithology and topography, where fluvial-ecological processes
respond to similar behaviors. Our research proposes a method for identifying each unit type and analyzes its
prevailing morphometric, energetic, sedimentary and hydraulic features. An LU perfectly fits the definition of
ecoregion used by the Water Framework Directive (WFD) to classify surface water bodies, hence the importance
of designing methodologies that generate distinct and internally homogeneous LUs.

Our method classifies the lithology according to the content of SiO, (silica) and by its mechanical behavior
against erosion (isotropic and anisotropic rocks). The topographic descriptors that we used were slope, elevation
and roughness. All individual variables were assembled into homogeneous groups through multivariate
classification techniques. The LU testing took place in Galicia (29.562 km?, NW of Spain), and yielded a total of
eight types. The behavior of the variables was checked at 29 points of the Cabe River basin (732 km2), which
includes up to four different LU types. The morphometric variables that we analyzed were the drainage density,
the frequency index and the torrentiality coefficient. As for the hydraulic geometry, we studied, at bankfull level,
the hydraulic radius, the width / depth ratio and the average depth. The specific stream power and the average
size of the sediment were also estimated.

Our results concern three points: i) for each LU, the WFD’s System B geomorphological descriptors and those
used by us, move in a range of very stable values;ii) the watershed / subwatershed provides a logical scale for
resource management, but the LU sets a protocol of action, as river forms and processes are linked toeach LU;
iii) LU mapping helps organize the geomorphological and ecological compression of river systems, and facilitates
their application and comparison with other areas.
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Effects of a major flood on a mountain river on physical habitat conditions for river biota, channel
morphology and valley-floor infrastructure

HAJDUKIEWICZ H.(1), WYZGA B.(1), MIKUS P.(1), ZAWIEJSKA J.(2), RADECKI-PAWLIK A.(3)

(1) Institute of Nature Conservation, Polish Academy of Sciences, KRAKOW, POLAND ; (2) Institute of
Geography, Pedagogical University, KRAKOW, POLAND ; (3) Department of Hydraulic Engineering and
Geotechnique, Agricultural University, KRAKOW, POLAND

To restore the gravel-bed Biala River, Polish Carpathians, establishing erodible corridor was proposed in two
reaches located in its mountain and foothill course. In these reaches, longer, unmanaged channel sections
alternate with short, channelized sections and that pattern of channel types is associated with a general tendency
towards increasing channel narrowing and incision in the downstream direction. In June 2010 a flood with a
recurrence interval of at least tens of years occurred on the river and this study aims at determining its effects on
physical habitat conditions for river biota, channel morphology and valley-floor infrastructure. Surveys of 10 pairs
of closely located unmanaged and channelized cross-sections, performed in 2009 and the late summer of 2010,
allowed to assess the flood-induced changes to physical habitat conditions. Before the flood, unmanaged cross-
sections were typified by a significantly greater number of low-flow channels, finer bed material and greater
lateral variability in depth-averaged and near-bed flow velocity than channelized cross-sections. The flood seems
to have equalized habitat conditions in both types of river cross-sections, obliterating differences in particular
physical habitat parameters between channelized and unmanaged channel sections. A comparison of channel
planform from 2009 and 2012 indicated that greater channel incision typical of more downstream sections was
reflected in a lower degree of the river widening by the flood. Bankfull channel width increased by half in the
surveyed unmanaged cross-sections and by one third in the channelized cross-sections. However, damage to
the valley-floor infrastructure was practically limited to the channelized river sections, indicating incompetent
management of riparian areas rather that the degree of river widening as a principal reason for the economic
losses during the flood.
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Sediment yield prediction in river basins by means of geomorphic parameters and regression- ANN
relationships

KHANCHOUL K.(1), TOURKI M.(1), LE BISSONNAIS Y.(2)
(1) Badji Mokhtar University-Annaba, ANNABA, ALGERIA ; (2) LISAH, SUPAGRO, MONTPELLIER, FRANCE

Knowledge of sediment yield and the factors controlling it provides useful information for estimating erosion
intensities within river basins. Probst and Amiotte-Suchet (1992), in their review of suspended sediment
transported by wadis in the Maghreb, have underlined the lack of available data for such river types.
Nevertheless, further study of the quantification of sediment transport in these regions and its variability is clearly
required. The objective of this study is to build a model from which suspended sediment yield can be estimated
from ungauged rivers using computed suspended sediment yield and physical factors. In this work, regression
relationships are built between suspended sediment yield that is computed from rating curves established from
long-term measurement series at gauging stations in Algerian drainage basins and corresponding basic
physiographic parameters (precipitation, runoff, coefficient of torrentiality, basin area, orographic coefficient,
lithology index). Moreover, the basic neural network is employed in this study. This used stochastic process
possesses a three-layer learning network consisting of the input layer, the hidden layer, and the output layer. The
proposed Levenberg—Marquardt algorithm to train the neural networks of the current research study is based on
the feedforward backpropagation method. Different combinations of several internal parameters, i.e., data
partitioning approach, number of neurons in each hidden layer, transfer function, error goal, are tried. The
regression performance (r) and the computation of the efficiency factor (EF) have provided information about the
predictive capabilities of the two types of models. Single plot displays of network outputs with respect to targets
for training, validation, and test sets have indicated that ANNs are a promising method for predicting suspended
sediment yield (r = 0.997 and EF = 0.99), as they have performed better than the conventional multiple
regression model.
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Longitudinal and temporal variation of bed-material grain size in a mountain river disturbed by gravel
extraction and channelization, the Czarny Dunajec, Polish Carpathians

ZAWIEJSKA J.(1), HAJDUKIEWICZ H.(2), WYZGA B.(2), RADECKI-PAWLIK A.(3), MIKUS P.(2)

(1) Institute of Geography, Pedagogical University of Cracow, KRAKOW, POLAND ; (2) Institute of Nature
Conservation, Polish Academy of Sciences, KRAKOW, POLAND ; (3) Department of Hydraulics Engineering and
Geotechnique, Agricultural University, KRAKOW, POLAND

The impact of human disturbances on the conditions of channel sedimentation in the Czarny Dunajec River,
Polish Carpathians, was investigated by reconstructing longitudinal and temporal changes in the grain size of bar
sediments. We determined surface bed-material grain size on 47 gravel bars along an 18 km long river reach
without tributaries in which some sections were modified by gravel extraction and the resultant channel incision,
or channelization over the past few decades. A downstream fining trend of bar sediments was established based
on the sites with average river width and a vertically stable channel, and used as reference for the other samples.
In the deeply incised, upper part of the reach, bar gravels are markedly coarser than the reference grain size.
Here, sieving analysis of channel sediments formed at different periods showed coarsening of the bed material
over the second half of the 20th century. With larger particles extracted from the channel in the past decades,
fine grains must have been flushed out, whereas the concentration of flood flows in the deeper, narrower channel
has increased their competence, enabling a delivery of the coarse particles from the upstream reach. In the
narrow, regulated channel section in the middle part of the reach, bar sediments exhibit better-than-average
sorting and change from coarser to graded similarly to the reference grain size along the section. In a wide, multi-
thread channel in the lower part of the reach, bar gravels are distinctly finer than the reference grain size. The
middle section has been channelized to prevent sediment delivery to a downstream-located dam reservoir.
However, it actually efficiently transfers the bed material evacuated from the upstream, incising river section. As
low unit stream power and high channel-form roughness facilitate sediment deposition in the unmanaged, lower
part of the reach, it functions as a sediment sink, reducing bed material delivery to the dam reservoir.
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The Interannual regime of rivers: a comparison between peixe (western Sao Paulo State, Brazil) and dee
river (UK) and the sea index influences

ROCHA P.(1), HOOKE J.M.(2)
(1) UNESP / BRAZIL, PRESIDENTE PRUDENTE-SP, BRAZIL ; (2) University of Liverpool, LIVERPOOL,
UNITED KINGDOM

Oceans arethe lower boundary condition most important for climate and have leading a role in interdecadal
climate variability. Many researchers have shown the importance of the Ocean Indices in the river regime and
hydrology of catchments, by direct or indirect methods. This paper discusses the hydrological behaviour of the
Peixe River in Brazil and Dee River in UK, and its relationship with the main climatic Oceans Index. The rivers
drain catchments of different global and regional climate zones. The Peixe River basin drains a 2.910 kmarea.
The Dee River drains a 1.013,2 km? catchments area. Both rivers are in the Cf areas of Climatic Classification of
Kodppen. The data series of the gauging stations was obtained from official sites in Brazil (National Water
Agency) and United Kingdom (National Water Archive). The Tropical South Atlantic Index (TSA) data, the Pacific
Decadal Oscillation (PDO) Index; the North Atlantic Oscillation Index(NAO) were made from literatureand
complemented by National Oceanic and Atmospheric Administration -Physical Science Division (NOOA-PSD).
To compare the hydrological regime of the rivers were used the inter-annual mean deviation of the 1948-2007
series for the Peixe River and 1938-2010 series for the Dee River and its correlations among PDO, TSA and
NAO Indices. The results indicate that there was significant variability in the hydrologic regime of Peixe River
throughout the evaluated series, with three well-defined periods; the most significant changes happened after the
1970’s, associated with the warm period of the PDO Index. Both PDO and TSA Index had a positive relationship
with the Mean Deviation of Peixe River, indicating an influence on the river's flow regime. For the Dee River,
three periods were also identified and a positive relationship with the NAO Index. Despite of the positive
relationship among rivers and Ocean Indices, they were with low r2.
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Morphological changes along alpine river reaches affected by natural et human impact: examples on river
pellice and chisone (NW ltaly)

AUDISIO C.(1), TURCONI L.(2)
(1) University of Chieti - Pescara, MURELLO (CN), ITALY ; (2) CNR-IRPI, TORINO, ITALY

The causes of modification along rivers are either natural or human.

If the morphological variations in the past were mainly determined by the severe and extreme floods which
periodically affected the rivers, since 1940s, as a lot of works and researches demonstrated, the natural impact
cannot be separated by the human impact. The presence of dams, the channelization works, the channel
modification and river diversion, the bridge crossing, the sediment removal and mining are part of the anthropic
causes which have influenced the river adjustments.

The present work illustrates a summary of the studies and researches done on channel adjustment and
evolutionary trend of two rivers flowing in the North Western sector of Italy. The used methodology is based on
the reconstruction of spatial variationin channel morphologyand sediment dynamicsusing historical maps and
aerial photos in the medium and short-term period. Contemporary, the principal natural and human interventions
on the river have been investigated. All data are inserted in a GIS for the uniformity of the coordinate system.
Based on the availability of documentary sources, cartographical, photographical and ortho-photographical data,
the method allows a reconstruction of the history of the river. Then, the modification of the channel and the active
bankfull were related to the natural and human impacts trying to investigate which is the preponderant cause of
variation and how floods and human intervention influence each other. The modification of some index over time,
as the width, is a useful tool for interpreting the evolutionary trend of the river and tries also to predict its future
evolution.

The studied rivers are: River Pellice (35 km — from Luserna San Giovanni to Po confluence), and River Chisone
(12 km — from Pinerolo to Pellice confluence).
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Annual landform changes and their effects on pioneer species in the active braided gravel-bed river in the
upper reaches of the Azusa River, central Japan

SHIMAZU H.
Rissho University, KUMAGAYA, JAPAN

The upper reaches of the Azusa River, central Japan, a braided gravel-bed river, is characterized by a pioneer
species, Salix arbutifolia, occurring as patches of various age classes and old isolated trees in the active
riverbed. This is a rare species which has a limited geographic distribution in the Japanese Islands. This is one of
the important riverine landscapes in Japan. This study aims to clarify formative process of the landscape from the
geomorphological viewpoint. The geomorphological maps of the observation site, which were made in every
summer from 1994 to 2012, and which recorded annual landform changes of the riverbed and images of the
riverbed taken by interval shooting cameras recorded flood conditions in the summer and autumn season in 2011
and after late spring in 2012 revealed geomorphological processes. Sediment transport and/or landform changes
occurred every year in severe heavy rain events more than 100 millimeters per day during the snowmelt flooding
season in April and May and/or the rainy season in June and July. There were some stable spots in bars and/or
islands in the active riverbed for several years where pioneer plants, especially Salix arbutifolia, germinated and
grew to young pioneer patches. Generally lateral erosion gives serious disturbance for young pioneer patches.
Because most channel migrations were not caused by lateral shifting with lateral erosion but by channel burying
and new channel excavation, they could survive after channel migration event. Sometimes slight lateral erosion
occurred and it caused destruction and/or size reduction of the patches. If a seedling patch remains not to be
destroyed for several years, it becomes a grown patch, finally old isolated trees. Because the germination year
was different each patch, the patches are in various age classes. These geomorphic processes provide peculiar
riverine landscape in the upper reaches of the Azusa River.
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Towards understanding spatial and temporal variations in landscape response to climate change at an
upland Karoo site, South Africa.

OLDKNOW C., HOOKE J., LANG A., MAUZ B.
University of Liverpool, LIVERPOOL, UNITED KINGDOM

The semi-arid landscapes of the Karoo, South Africa are highly susceptible to land degradation. Recent studies
have shown that erosion has increased tenfold in the past 200 years since the onset of European colonisation
expressed through gullying and badlands. Yet these rapidly eroding areas occur in striking juxtaposition with
areas of apparent stability, where dolerite dykes intrude into softer Karoo Supergroup mudstones and shales.
Within the Karoo landscape lies the Ganora catchment (31° 51'34.45”S, 24° 37°48.95E), which is a tributary
system of the southward flowing Sundays River which drains the Great Escarpment. Patterns of contemporary
erosion appear to be superimposed on a longer term record of cut and fill that predates European occupation.
Other work nearby suggests that alluvial fills are much older than previously thought (> 100 ka), and could be
diachronous due to effects of sediment disconnectivity. Major research questions are herein addressed
concerning: i) the timing of past cut and fill episodes and whether these can be explained in terms of autogenic
fluvial sedimentation dynamics or climate, ii) Evaluation of intra-catchment scale changes in landscape sensitivity
and response through time. The combined results of soil magnetic analyses and OSL dating of alluvial sediments
are presented in order to explore spatial variations in landscape response, and whether apparent signals of
change are relatable to (non)autogenic factors. Initial magnetic susceptibility determinations provide clear
discrimination between different sediment generating zones, and have thus enabled alluvial fill sediments to be
fingerprinted.

The preliminary data presented signify a key step towards the creation of a landscape response model that
incorporates the influence of buffers and barriers to sediment movement, the dynamics of sediment connectivity
through time with associated mechanisms and feedbacks in upland Karoo catchments.
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Regional scenario of Quaternary climatic oscillations: low river terraces and flood plains in the current
context of Depresséo Periférica Paulista

STORANID.L., PEREZ FILHO A.
UNICAMP, CAMPINAS, BRAZIL

The topography of Sdo Paulo State, in the southeast region of Brazil, is divided into geomorphological provinces
analyzed from its structure, formation and lithologic basis. Depressao Periférica Paulista (Paulista Peripheral
Depression) corresponds to one of these provinces, with a hilly topography, and is a zone of occurence of
Paleozoic and Mesozoic sedimentary sequences in S8o Paulo State, also including discontinuous areas of
intrusive bodies. Small areas of Precambrian rocks are also incorporated in this province. Its origin, according
with Ab'Saber (1969), is predominantly denudacional.

The proposed study aims to identify and interpret the levels of low Quaternary river terraces and floodplains
using the OSL (Optically Stimulated Luminescence) technique in different surface formations located on the
terraces and recent alluvium in the selected rivers of the studied geomorphological province. The results
obtained will allow to trace the relationship between the genesis of such forms, and possible preterit
environmental conditions, in an attempt to identify and explain possible alternations of semi-arid periods and the
subsequent carving of the river canal in hot and humid conditions.

The results obtained by the datation method will build a regionalized set for climate oscillations, mainly from the
Quaternary (Pleistocene and Holocene). It will also be taken into account the influence of neotectonic activities in
the shaping of such forms of topography, allowing the analysis of a regional correspondence between ages and
levels of river terraces of the same geomorphological province.
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Quaternary Basin of the Pantanal Mato-Grossense, Brazil: fluvial Megafans

FACINCANI E.M., BACANI V.M., SANTOS R.M., PEREIRA W.
Universidade Federal de Mato Grosso do Sul-CPag, AQUIDAUANA, BRAZIL

The Pantanal is a tectonically active sedimentary basin marked by several fluvial fans, which represent the main
feature to determine the characteristics of the Pantanal landscape. This work presents the concepts involved in
the formation of the fluvial megafans that, in the Pantanal, involves climatic, hydrological, sedimentological and
Neotectonics aspects. The fluvial fans of Pantanal are depositional systems shaped as an open fan or a cone
segment, characterized by distributary channels of great lateral mobility, due to unconfined flow from the
highlands surrounding the Pantanal Basin. So it is important to understand the formation of mega-fans fluvial
systems, because its mechanism is the key to the understanding of the filling of the sedimentary basin of
Pantanal. The megafans of Pantanal Basin are positioned mainly at the left margin of Paraguay River,(Corixo-
Grande Paraguay, Sao Lourenco, Taquari, Negro,Taboco, Cuiaba and Aquidauana-Miranda) surrounded by the
highlands of Maracaju-Campo Grande, Taquari-ltiquira, Guimaraes e Parecis.
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Negro River: fluvial megafan. Southeastern border of the Pantanal Basin, Brazil

FACINCANI E.M.(1), BACANI V.M.(1), SANTOS R.M.(1), QUIRINO P.B.(1), CORDEIRO B.M.(2), PEREIRA
W.(1)

(1) Universidade Federal de Mato Grosso do Sul-CPag, AQUIDAUANA, BRAZIL ; (2) Universidade de Sé&o
Paulo, SAO PAULO, BRAZIL

The Negro fluvial megafan is a depositional system located on the southeastern border of the Pantanal wetland
and has been evolving since the Pleistocene. Its surface exhibits modern and relict geomorphological features,
such as channels and paleochannels. The NegroRiverflows westward and belongs to the Upper
Paraguaydrainage basin. Theater-headed valleys characterize the catchment area on the Maracaju-Campo
Grande Plateau, where the NegroRivershows an obsequent behavior in relation to Paleozoic and Mesozoic
sedimentary strata of Paranabasin. A conspicuous NNE escarpment is the natural limit between the source area
on the plateau and the depositional setting on the Pantanal wetland. The geomorphological zonation allowed to
establish an evolution started in the late Pleistocene when unconfined flows given rise to formation of a proximal
lobe. During a period dominated by erosion an incised valley has cut older deposits on the upper fan.
Sedimentation during Holocene times has been taken place on the modern distal distributary fan lobe and on the
meander belt that aggraded the incised valley.
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Evaluating a functional hydromorphological restoration of a lateral channel of the Upper Rhine (France):
first results and implications of the temporal trajectory to restoration sustainability

LEJEUNE Q., SCHMITT L., ZIMMERMANN A., ESCHBACH D.
University of Strasbourg, ERL 7230, STRASBOURG, FRANCE

The Upper Rhine hydrosystem exhibits a high biodiversity. Since mid-19" century, several engineering projects
developed for flood control, agriculture, navigation and hydropower, have drastically impacted aquatic and
riparian habitats. In this context, the specific alluvial species of the Rohrschollen natural reserve is declining. Its
main watercourse, the Bauerngrundwasser, an anastomosing channel of the Rhine, has now a constant and low
discharge (under O.1m3/s), inducing a high rate of fine sediment deposition. During periods of high flow, the site
is flooded but water has no energy due to a dam’s backwater effect.

The LIFE+ project “Restauration de la dynamique des habitats alluviaux rhénans sur I'lle du Rohrschollen”,
managed by the City of Strasbourg, plans to restore the hydromorphological and ecological functionality of the
hydrosystem: bedload dynamics, channel mobility, surface water-groundwater exchanges, renewal of pioneer
ecosystems. Thus, the Bauerngrundwasser will be reconnected to the Rhine by building a new upstream
connection channel. Water input will attain 80m?/s, leading to dynamic floods and making of this project one of
the most ambitious for the French side.

To assess the efficiency of this restoration project, a hydromorphological monitoring (included in an inter-
disciplinary project) is carried out and is based on the comparison of pre- and post-restoration dynamics. It
includes in particular a topographic (LIDAR, theodolite), a cartographic (aerial photo), a sediment transport
(sampling, PIT tag, erosion chain), a hydrological (water level sensors, gauging) and a hydrogeological
(piezometer) studies. This paper will give the first results, as well as the implications of the temporal trajectory of
the system (historical study based on old maps, aerial photos and sedimentological investigations), which have
notably been got in order to give some prospective guidelines concerning the efficiency and sustainability of the
restoration.
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Fluvial geomorphological adjustments to global change in Iberian Rivers

BESN_P., IBISATE A.

University of the Basque Country - Department of Geography, Prehistory and Archaeology, VITORIA-GASTEIZ,
SPAIN

Global change, not only climatologic conditions but also and especially human impacts have long affected fluvial
dynamics, and geomorphic processes and forms in Iberian Rivers due to their particular Mediterranean climatic
conditions and the heavy pressure on water resources.

Based on aerial photographs and cartography changes in channel dimensions, planform and vertical adjustments
have been analysed in several reaches of 4 river basins representing different environmental conditions: Ebro,
Llobregat, Jicar and Guadalquivir. The variations in active channel and riparian surfaces were studied by
comparing aerial photographs and ortophoto maps using GIS tools (ArcGis 10). The aerial photographs were
firstly georeferenced and geometrically corrected, and the different surfaces digitalized (water surface,
unvegetated sediment bars, pioneer vegetation, riparian forest, forest plantations, crops and artificial surfaces).
Finally changes of the different surfaces along all the studied years have been measured and quantified. Besides
that vertical adjustments were analysed comparing cartography from different dates.

These changes have been related with changes on the river basin and river course (land uses, precipitation,
reservoirs, water abstractions, bank protections, etc.) as well as hydrological conditions, mainly floods.

Overall all the reaches present a reduction of their fluvial surface, principally active channel, a channel narrowing
and a lost of diversity. Differences have been detected depending on the basin characteristics and climatic
conditions of each river reach.
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Elucidating the level of influence of key factors on the spatial distribution of overbank deposition

GAMBOA-ROCHA A., STEWARDSON M., RUTHERFURD I., FINLAYSON B.
Melbourne University, MELBOURNE, AUSTRALIA

Floodplains evolve from sediment transport, erosion and deposition processes. As these floodplain-building
processes determine floodplain evolution in alluvial systems, it is important to understand the mechanisms and
factors that influence the spatial distribution of overbank sediment deposition.

This investigation uses a novel modeling approach combined with cs™’ dating techniques to assess the key
factors producing spatial patterns of overbank sediment deposition.

Individual floodplain units were strategically selected using LIDAR imagery. These were classified by their
hydraulic connectivity and used to locate sites for sediment core collection and radionuclide analysis. A process
based conceptual model was developed from an analysis of existing models as reported in the literature. A
numerical model was constructed from a refined analysis of the interactions among the key factors that
determine overbank sediment transport and deposition. This model therefore incorporates the relationship that
exists among the key factors influencing overbank deposition amounts and patterns and also includes an
improved relationship between the spatial variability of suspended sediment concentration and sediment travel
time. A sensitivity analysis was designed to identify the factors that exerted the greatest influence on the spatial
variability of overbank sediment deposition.

Results of the sensitivity analysis suggest that key influencing factors controlling the spatial distribution of
overbank sedimentation are variation in (i) the duration of flood inundation and (ii) the flow path and consequent
travel times from the channel. The model accuracy was evaluated against field-estimates of overbank sediment
deposition. We also found that there is generally good correspondence between model predictions and the
measured deposition rates. Our results provide a refined conceptualisation of floodplain sedimentation processes
as a basis for further research.
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Variation trend of the sedimentation rate in the Yinchuan Plain of the upper Yellow River since 0.7 Ma B.P.
and its main influencing factors

WANG S., YAN Y., HE L., YAN M.

Institute of Geographic Sciences and Natural Resources Research; Chinese Academy of Sciences, BEIJING,
CHINA

As an alluvial plain of the upper Yellow River, the Yinchuan Plain has a Quaternary stratum is closed to 1 km. In
order to reveal the historical variation trend of the sedimentation rate in the Yinchuan Plain and analyze its
influencing factors, this work mainly based on the dating data of a bore columnar section (thickness 189.6 m) in
the plain to estimate the sedimentation rate change since 0.7Ma, and to couple it with the variation of the channel
downcutting rate at the Heishanxia gorge (upwards the Yinchuan Plain). The results indicate that an allometric
function (R°=0.977) could be used to fit the historical variation trend of the sedimentation rate with time in the
Yinchuan plain. The mean sedimentation rate is 0.115 mm/a in the period from 0.7 Ma B.P. to 112.35 ka B.P.
while a distinct increase trend (mean value is 1.962 mm/a) since 112.35 ka B.P. The relationship between time
and the channel downcutting rate could also be fitted by a similar allometric function (R2=O.967). To reveal the
potential relation between the sedimentation rate and the channel downcutting rate we calculated the
sedimentation rate and the channel downcutting rate in an interval of 10 ka according to the relevant fitted
functions, respectively, and a linear relationship (R2:0.995) between the sedimentation rate and the channel
downcutting rate was fitted. It means that the change of the sedimentation rate in the Yinchuan Plain was mainly
influenced by the tectonic rise in the upstream basin. The climate of the upper Yellow River basinhas changed to
more arid since 120 ka B.P. and has induced decrease of the annual precipitation which could induce the
decrease of the vegetation cover and enhanced rainstorm which could induce more strong erosion in the upriver
Yellow River basin. The increase of the tectonic rise and the climate change to aridity were the main influencing
factor on the increase of sedimentation rate in the Yinchuan plain since 112.35 ka B.P.
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Velocity distribution of turbulent open-channel flow over permeable rough bed

CHEN X., LIN M., LIN B.
Fujian Normal University, FUZHOU, CHINA

Fluvial river bed usually consists of sands. When the diameter of the sands is large enough, such as gravel bed,
the effects of bed permeability on the main stream flow can not been neglected and the flow characteristics are
different from that of impermeable bed, which is still need to be well studied. A laboratory experimental research
is reported in the paper which considered such effect on the velocity distribution of turbulent open-channel flow.
The experiment was conducted in a glass-sided flume that is 20m long, 0.8m wide and 0.6m deep. The bed of
flume was glued a layer of uniform marbles with a diameter of 1 cm. Located at a distance 10m from the
upstream end of the flume is a rectangular recess thatis 1.65m long and 0.7m wide. The permeable bed is
simulated in the recess where is well packed with twelve layers of the same marbles. The velocity measurements
were carried out using a laser Doppler velocimeter (LDV, DANTEC) and the probe of the LDV was installed at a
high resolution traversing system. The measurements were conducted for three flow conditions. Velocity
distribution at 2 locations for impermeable bed and 3 for permeable bed were measured. The results show that
the velocity distribution for impermeable bed follows the law of the wall when the reference level is lowered to
0.25-diameter of the marble top. For permeable bed, no-slip condition at bed surface is no longer available and
the velocity distribution is the same as that of impermeable bed when a slip velocity was used to modify, and the
values of shear velocity are found to increase. How the slip velocity and shear velocity varies are still need to
further investigated.
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Knickpoint initiation and migration rate of bedrock rivers dissecting the Middle to Late Pleistocene
marine terraces at North Sanriku coast, NE Japan

OGAMI T.
Chuo University, TOKYO, JAPAN

River knickpoints are detected from longitudinal profiles of rivers at North Sanriku coast, NE Japan. Three
bedrock rivers with knickpoints are investigated. Length and catchment areas of the rivers varies 23.5 to 30.1 km
and 54.6 to 92.1 km?, respectively. The rivers are cross cutting the Middle to Late Pleistocene marine terraces.
The initiations of the river knickpoints are estimated based on geomorphic features of marine terraces and
shoreline angles.

In study area, the Middle to Late Pleistocene marine terraces are developing, which indicate broad tectonic
uplifting at North Sanriku coast. Formation ages of the terraces are determined by tephro-chronology. There are
at least 8 marine terraces developed during interglacial high-stand periods (MIS 19, 17, 15, 13, 11, 9, 7 and 5e).
Altitude of surface of the terraces vary 270 m to 30 m above sea level. Former shorelines dividing the marine
terraces are traced approximately parallel each other along present coast.

The river knickpoint of each river is formed at 4.5 km, 5.0 km and 17 km path length from river mouth. They
should have been migrating upstream as a result of bedrock erosion since their initiation. Assuming that the
knickpoints were formed at the edge of marine terraces, initiating places of the knickpoints are confined within
specific area. The place of the initial knickpoints should be located at seaward and higher altitude than present
position of knickpoints.

At one of the rivers, the initial knickpoint is estimated to be formed at edge of MIS 13 marine terrace, which
formed as sea-cliff during MIS 11 high-stand. At another river, the initial knickpoint is estimated at edge of either
MIS 15 or 13 marine terraces, which formed as MIS 13 or 11 sea-cliff. As a result, averaged migration rate of
knickpoints are 7.5 m/ka (in 400 ka) and 11-7.2 m/ka (in 400-480 ka). Based on the knickpoint migration rates,
incision rate of bedrock rivers are discussed.
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Late Quaternary evolution of the lower reaches of Ziliana stream in south Mt. Olympus (Greece)

BATHRELLOS G., SKILODIMOU H., MAROUKIAN H., GAKI-PAPANASTASSIOU K.
National & Kapodistrian University of Athens, Faculty of Geology & Geoenvironment, Department of Geography
& Climatology, ZOGRAFOS, ATHENS, GREECE

Active tectonism influences the evolution of hydrographic networks. The uplift and the faults of Mount Olympus
directly control the development of its major drainage networks. The study area is located at the southwestern
edge of the eastern piedmont of Olympus in east Central Greece. The piedmont is composed of three extensive
east looking alluvial fans of Quaternary age and a thickness of 1,100m that are inactive and eroding today. The
southern alluvial fan of the Olympus piedmont is located in the study area.

This study examines the paleogeographic evolution of the lower reaches of Lazi Griva, Ziliana and Vathyrema
streams having a total drainage area of 141Km? For this purpose, detailed field work, large scale
geomorphological mapping, sedimentological analysis and geoarcheological investigations were performed. A
spatial database was created, and ArcGIS 10 software was used to process the collected data.

The uplift of Mount Olympus has led to active downcutting in the upper reaches of the three streams and
enhanced sedimentation rates and occasional heavy floods in the lower reaches. The reactivation of a major
normal fault zone running N-S along the eastern front of Mount Olympus has created a temporary local base
level (knick-point) at the exit of the three streams from the mountain. At this location, due to the fault zone, the
three streams join and reach the sea in a single main channel of Ziliana. At their confluence, on a terrace, there
is the Middle Geometric settlement of Livithra (the burial place of mythic musician Orpheus) which is believed to
have been destroyed by an earthquake and/or a heavy flood. Consequently, the Quaternary active tectonism is
the main geomorphic factor influencing the evolution of the lower reaches of Ziliana stream.
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Spatial and temporal variability in cut-off sedimentation

HOOKE J.
University of Liverpool, LIVERPOOL, UNITED KINGDOM

Formation of cut-offs in meandering rivers is a major part of floodplain construction and is very important in
providing varied habitats as well as the remnants of old channels leaving topographic and compositional signals
in the floodplain. Some research has demonstrated the effects of orientation and morphology of cut-off on
sedimentation rates but limited data are available on initial patterns and rates of infill. The occurrence of several
cut-offs at various dates over the past 30 years on one active meandering river reach with pre-existing
morphological data enables the spatial and temporal distributions of sedimentation to be examined. These have
all experienced a common hydrological, sediment and land use regime. Data on rates and patterns of
sedimentation are presented. The evidence is that rapid, coarse sedimentation occurs initially in the upstream
cut-off entrance then finer sedimentation to half bankfull level within a few years. Infill of the downstream exit is
much slower and comprises much finer sediment. The amount of infill and presence of water bodies within the
old channel is influenced by the pre-existing morphology of pools, riffles and bars. This is closely related to the
morphology of the bend and its stage of meander development in the commonly occurring evolutionary
sequence. Compound bends at time of cut-off are common and thus a shallowing occurs in the apex, influencing
depth of sedimentation and formation of an ox-bow lake. These results have important implications for inferences
made from sediment cores in palaeochannels if position of the cores in relation to the meander morphology is not
taken into account adequately. The data on variability of habitats created in cut-offs and likely timescales of infill
are valuable for geomorphological and ecological management.
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The decay and related environment problems of the deltaic rivers in West Bengal, India

BERA B.
Rabindra Bharati University, KOLKATA, INDIA

We live in a land of million rivers. Each of these rivers and their tributaries play an important role in our social,
cultural and economic lives. But, at present the rivers of deltaic Bengal are in the state of decay. The river
Sialmari, Bhairab, Chota Bhairab, Bhandardaha nala are the main tributaries of river Jalangi, and river Jalangi is
also the tributary of Bhagirathi-Hugli and distributary of Padma. Though river Bhagirathi-Hugli is the most
important river, during 16" century River Jalangi was most important river in West Bengal than river Bhagirathi.
Another river Mathabhanga is bifurcated into two branches at Majdia as Churni and Ichamati, also the
distributaries of river Padma. It is evident from Rennel's Map, several other rivers were also flowing on the vast
tract of Murshidabad and Nadia districts of West Bengal during 16" century. Due to shift of river course of
Ganga-Padma and gradual siltation at the off-take point of Nadia rivers, many rivers are gradually decayed,
somewhere are converted into palaeo channels, otherwise they are entirely disappeared.

Several culverts, bridges and concrete embankments, brick fields have been constructed across the deltaic rivers
simultaneously. As a result upland discharge and capability of the rivers are decreasing day by day and various
environmental hazards and disasters (flood, river bank erosion, soil erosion) are also occurred in the consecutive
years. For unscientific human interference the micro geomorphological features have been modified. Many
important rivers are already choked out.
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Quaternary Paleolandforms at Sanaga-Mbam confluence between geography and historical
palaeoenvironmental approach

EKASSI ONDOUA L.(1), TCHINDJANG M.(1), WAKPONOU A.(2)

(1) University of Yaoundé |, YAOUNDE, CAMEROON ; (2) University of Ngaoundéré, NGAOUNDERE,
CAMEROON

The Bafia peneplains known as Gulf of Bafia situated at the river Mbam and Sanaga confuence is an area which
fairly recorded environmental changes (past and present) recognized by the markers such as the terraces
observed on the major rivers. However, apart from a few sources for the period before the Quaternary,
information on geomorphological landscapes are mentioned only by regional maps.

This study therefore aims to overcome this lack of information by proceeding to paleoenvironmental studies. In
addition to documentary sources that highlight old depletion of Plio-Quaternary climate, this work is based on
field studies and observations throughout this Bafia peneplain to reflect the relationships between the different
geomorphic units. Superficial deposits samples collected on five pits for this purpose have been submitted to
sedimentological analysis in the laboratory.

The results have clarified the various stages of the implementation of paleolandforms (palaeosurfaces,
palaeotopographies and terraces), inheritance of Quaternary climatic episodes. Deduction of it paleoclimatic
significance and the approximate reconstruction rhythms that marked the geomorphological landscape allow us
to understand the current evolution of the environment at the Mbam- Sanaga confluence.
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Current development of the bed and major Chari river bank at N'Djamena since Holocene

DOUDJE K.(1), TCHINDJANG M.(2), MOUPENG B.(1)
(1) University of N'Djamena, N'DJAMENA, CHAD ; (2) University of Yaoundé I, YAOUNDE, CAMEROON

River bed provides a lot of information on the evolution of palaeoclimate. But it also help to build an example of
models to illustrate some dynamic climatic conditions and geological data. These considerations lead us to study
the erosion on the Chari river banks from the Holocene to the present day in N'Djamena. Chari river is an
endorheic watercourse who dug his bed in tertiary and quaternary sediments. This river belongs to a tropical
system across two types of climate: tropical wet and tropical dry season contrasts. To realize this study, we
carried out observations and samples collecting across the Chari banks.

Samplings were made on river sections occupied by banks and quarries; these samples were examined with a
microscope and a laboratory tests have been made. The data collection data are supplemented by aerial
photographs and satellite images which were used to assess Chari bank erosion. Samples from open cuts by
sediments banks showed that it come from fluvio-lacustrine origin deposited during the palaeo-Holocene climatic
change. They are mainly sandy clay materials inconsistent silt, therefore less resistant to fluvial erosion. The
lateral erosion affects those banks that recede. This phenomenon, its scale, concerned municipal authorities of
the city.

Seasonal fluctuations of the Chari regime, seem to be the main factor of sedimentation of fine materials to
medium cuts observed on levees which form the floodplain. The heterogeneity in the diversity of materials and
layering can be explained by an irregular river dynamic and changing over time.

In addition, during the dry season, Chari river at N'Djamena, seems to suffer from wind influence. The presence
of eolised sand as well as the lower level of the Holocene banks dune accumulations occurring in the dry season,
now show that throughout the ages, the action of the trade winds has been ongoing on regular basis. This
implies that conditions have changed since a few thousand years.
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Development of the Chari river bank from Mandjaffa to Milezi (1970 - 2008) at N'Djamena (Tchad)

DOUDJE K.(1), TCHINDJANG M.(2), MOUPENG B.(1)
(1) University of N'Djamena, N'DJAMENA, CHAD ; (2) University of Yaoundé I, YAOUNDE, CAMEROON

The Chari River banks at N'Djamena lay on the land sandy - clay of Holocene. It presents from upstream and
downstream of Milezi alluvial plain oversized (500 - 1500 m wide) in which the Chari current develops an
unsuited system of mobile meandering.

This paper focuses on the geomorphic adjustments of this river banks system belonging to a low energy
environment. It is seen as a response of the stream to the spatio - temporal variations of water and sediment
discharges and / or a significant change in a component of its internal geometry. The changes in these
independent and dependent variables of the riverbed are induced by intrinsic factors (evolutionary process
inherent in water) and / or extrinsic (climate change, anthropogenic interventions direct and indirect).

Before understanding the modes and rates of change in these banks, we firstly try to clarify the influence of the
geomorphological framework and liquid flow rates on the physical structure and the functioning of this fluvial
hydrosystem. Thereafter, one will considered geomorphological changes in three aspects: the shaping of the
Chari bed, the morpho - sedimentary dynamics related to seasonal variations in flows, and, finally, the effects of
human activities on the evolution of the Chari banks.

The study of Holocene fluvial dynamics shows that the morphological structure of the current floodplain was
definitively acquired in the Quaternary with the establishment of a coating sandy clay with an average of 1.5 to 2
m thick. A diachronic analysis of the horizontal alignment reveals a high mobility of the riverbed.
Geomorphological modifications induced by flows characteristics are associated with important solid sediment
transportation on the river bed. These results are complementary to the previous work extended to the entire
Chad basin.
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Linking land use, riparian vegetation and channel changes in two catchments in the Upper Olifants River,
Mpumalanga Province, South Africa

PETERSEN C., JOVANOVIC N.
CSIR, CAPE TOWN, SOUTH AFRICA

The Upper Olifants catchment is located in the Mpumalanga Province, South Africa. It is of economic significance
with the main activities being mining, agriculture and power generation. Much of these activities are dependent
on goods and services derived from aquatic ecosystems and have had a detrimental impact on these
ecosystems. The overall research focus is on the fluvial environment and how this understanding can provide
insight into the dynamics of pollution such as eutrophication and sedimentation. The aim was determining links
between the land use, riparian vegetation and channel form. Geomorphological monitoring in the catchment
focussed on two tributaries. The study sites occur in two geomorphological zones and vegetation biomes
resulting in different channel impacts and geomorphological processes with agriculture as a common land use.
Cross-sections were used for channel form and change. Bank and in-stream sediment and vegetation were
sampled and the vegetation composition and distribution was used to assess the effectiveness of the riparian
zone in stabilising the banks relative to bank sediments. Discharge data were also related to channel and riparian
vegetation changes. In-channel discharge changes have an influence on river morphology, aquatic habitat
change and influence the distribution of riparian plant communities. Preliminary results showed that the Wilge
River remained relatively stable with little or no change in the channel geometry. The Koffiespruit was dynamic,
showing evidence of bed and bank erosion, channel widening and narrowing and in-channel deposition. The
riparian zone at the Wilge River adds to the stability of the banks whereas the absence of a riparian zone at the
Koffiespruit influences the rivers’ dynamic nature. Higher botanical diversities of plant species occurred at the
Wilge as compared to the grassland setting of the Koffiespruit.
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Morphological effects of a large flood: the case study of the Magra River (Italy)

RINALDI M., NARDI L.
Dipartimento di Ingegneria Civile e Ambientale, FIRENZE, ITALY

Understanding patterns and processes of channel response to a large flood and their relations with the
evolutionary morphological trajectory is important in order to predict future changes, assess channel dynamics
hazards, and identify possible management options.

This study aims to document channel changes occurred during a large flood and analyze them in the context of
the longer term (last 150 years) evolutionary trajectory.

The Magra River catchment experienced an extreme flood event (return periods ranging from about 100-200
years along the Magra, and to 500 years along some tributaries) in October 2011 which resulted in morphological
changes, flooding, damage and loss of human lives.

Analysis of past channel changes are based on multi-temporal series of aerial photos, cross-sections,
longitudinal profiles, and field surveys. Morphological changes consequent to the flood event were investigated
by: (1) field survey, including a reconstruction of the peak stage profile; (2) analysis of aerial photos and LiDAR
before and after the event; (3) topographic survey of cross-sections.

Results of the evolutionary trends show a recent phase (last 10-15 years) of dominant aggradation and widening,
following previous phases (last 100-150 years) of progressive narrowing and incision. The October 2011
produced a complex pattern of changes, but with prevailing aggradation of the channel bed alternated to erosion.
Comparison of aerial photos before and after the flood event clearly shows an important channel widening,
related to two different processes: (1) bank retreat; (2) overbank sedimentation of bedload. Comparison with the
longer term evolutionary trajectory shows that the channel width is still in the range of variations occurred during
the last 50-60 years.

Changes in channel width occurred along a series of partly-confined tributaries are more impressive, with
frequent avulsions and, in some cases, a complete aggradation of the available alluvial plain.
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Abandoned borrow pits from Buzau River's floodplain (Romania) - evolution and management

IOANA-TOROIMAC G., GRECU F.
University of Bucharest, Faculty of Geography, BUCHAREST, ROMANIA

Gravel and sand extraction from dry bars leaves borrow pits — negative landforms. They are an issue of river
management, with consequences on river dynamics and ecological functions. Within this general framework, we
analysed the example of Buzau River (watershed area: 5264 km? mean annual discharge: 29 m3/s), which is
coming down Romanian Curvature Carpathians; our analysis focused on a braided reach of Buzau River, located
in a plain region, between Scurtesti and Stancesti villages. We analysed borrow pits of its floodplain to assess
their diachronic evolution and to diagnose their management strategy. Therefore, firstly, we investigated their
evolution using, both, topographic maps and aerial photos from the last three decades, and particle size
measurements. Secondary, we assessed their management by interviewing quarries’ owners, local authorities
and managers (Romanian Waters National Administration and National Forests Service). Our analysis showed
that gravel and sand extraction continues to take place in the abandoned active channel of the river. The
resulting borrow pits function independently from the main channel, because Buzau River migrates slowly and it
overflows rarely; marshes occur by water table rising. Regarding their management, they are abandoned after
exploitation. Furthermore, they are in the middle of a conflict of goals — mining activity vs. habitats’ conservation
in a Site for Community Importance of Natura 2000 network. We concluded that abandoned borrow pits’
management lacks of strategy. Furthermore, because of the uncertain reactivation of Buzau’s abandoned active
channel, a policy reassessment must be undertaken.
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Evaluation of morphometric and morphological variables: analyses of topographic, geological and
partitioning maps of Guaratuba basin ' Boraceia ' S&do Paulo ' Brasil

NUNES PATUCCI N., OLIVEIRA D.
UNIVERSIDADE DE SAO PAULO, SAO PAULO, BRAZIL

This current research is about the continuation of studies, in Guaratuba basin, started by ROSSI (1999) and
OLIVEIRA (2003), however with emphasis on the morphometric and morphological processes. The Guaratuba
basin is located in different geomorphological partitioning in Serra do Mar (plateau, sierra and coastal plain),
measuring 113, 5 Km 2 in area, and located approximately in 45°56" and 45°52"of west longitude and 23°38" and
23°42° of south latitude. Were analyzed spatial and linear parameters to understand the relation between
infiltration, runoff and terrain modeling, in order to develop a prognosis for the evolution of the area.

In an attempt to mediate these processes, first it was held the partitioning of topography, characterizing and
describing the importance of each compartment, in the second stage it was obtained information regarding the
surface structure of the landscape, such as geological and hydrological characterization and in the third moment,
the realization of morphometric studies to the understanding of the physical environment of the area.

By the end, it was made the tabulation of the data and preparation of cartographic materials (slope, altimetry,
partitioning, geological and drainage maps) using Geographic Information Systems (GIS), in order to provide
explanations about the relation draining-sculpturing of the modeled.

To the preparation of the slope map, it was used the EMBRAPA slope classification, where the reliefs range from
plan to heavily-mountainous, and to the execution of the altimetry map, it was used a scale that ranged between
80 to 970m.

The following spatial parameters were analyzed: density of rivers, drainage density, area, perimeter of basin,
circularity index, maintenance coefficient, and shape index; the linear parameters verified were: the study and
guantification of the hierarchy drain, the ratio between the mean lengths of the channels of each order and the
extension of the superficial course.
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Morphodynamic and morphologic changes analysis in rivers of the Sierra de Comechingones piedemont,
Cordoba province, Argentina, during the Late Holocene-present. Environmental implications

DEGIOVANNI S., ANDREAZZINI J.
Universidad Nacional de Rio Cuarto, RIO CUARTO, ARGENTINA

Since Late Holocene, regional drainage networks have started an important incision process, related to tectonic,
climatic and anthropogenic causes, that still continues and has generated notorious changes. The Eastern
piedmont of Comechingones mountain is part of a Cenozoic bajada (currently inactive) formed by alluvial,
colluvial and aeolian sediments, and dissected by fluvial systems. This work discusses the morphological and
morphodynamic modifications in piedmont fluvial reaches in the main tributaries of Cuarto River, and their
incidence in environmental risks. Geological-geomorphological detail surveys were carried out, and variations in
morphological and morphometric indicators for valley and channel were measured, as width, sinuosity index (S)
and width/depth ratio (w/d). The oldest fluvial belt, 1000 to 1500 m wide, was developed by meandering rivers,
and presents two levels of Holocene accumulation terraces. The channels have a variable width, 80 - 130 m, w/d
ratio of 100-150, S in the order of 1,5 - 2,2 and meanders of variable geometry. Although lateral erosion (local
rates of up to 100 m/30-40 years) and, subordinately, aggradation processes are important, these channels also
respond to the regional incision process. Pleistocene cemented sequences or crystalline rocks were reached in
many of the sections as a result of channels downcutting (up to 12 m), generating semi-confined channels, with
more straight patterns, narrower fluvial belt (100-200 m), and minor width (lower than 50 m), w/d ratio (30-40)
and S (minimum values of 1,03-1,05). The transport and incision process are dominant in these reaches, while
the aggradation and banks erosion processes are minimal. In semi-confined channels fluvial erosion hazard,
mainly banks erosion, decreased significantly, and flooding hazard was ended, while the speed, height of water
in flood events, and the transport capacity were increased, augmenting the downstream threat.
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The effect of input load on large wood dynamics in braided streams: preliminary results from physical
modelling

BERTOLDI W.(1), MAO L.(2), COMITI F.(3), GURNELL A.(4), MCLELLAND S.(5), RAVAZZOLO D.(6), TAL
M.(7), WELBER M.(1), ZANELLA S.(1)

(1) University of Trento, TRENTO, ITALY ; (2) Departamento de Ecosistemas y Medio Ambiente, Pontificia
Universidad Catdlica de Chile, SANTIAGO, CHILE ; (3) Faculty of Science and Technology, Free University of
Bolzano, BOLZANO, ITALY ; (4) School of Geography, Queen Mary University of London, LONDON, UNITED
KINGDOM ; (5) Department of Geography, University of Hull, HULL, UNITED KINGDOM ; (6) Dipartimento
Territorio e Sistemi Agro-forestali, University of Padova, PADOVA, ITALY ; (7) Aix-Marseille Université, CEREGE
UMR 7330, AIX-EN-PROVENCE, FRANCE

We present preliminary results from a set of experiments conducted in the Total Environment Simulator flume at
the University of Hull (funded as an Access Project in Hydralab 1V, EC Contract Number 265120). The
experiments were designed to reproduce a large gravel-bed braided river, self formed in a well-sorted sand bed
(0.725 mm) subject to a constant discharge (1.25 I/s). Three parallel flume experiments were used to investigate
the dynamics of large wood - modelled using coloured-coded dowels 80 mm long and 2.6 mm in diameter — at
different input rates (ranging from 40 to 180 logs/hour). The three channels were surveyed by a vertical, movable
camera with a temporal step of 1 hour. All deposited logs were then manually mapped to describe the position,
grouping style, mobility, and persistence of each log.

The results showed that log deposition and re-mobilization was largely controlled by the morphology of the
channel network, particularly by the occurrence of sediment bars and flow bifurcations. The rapid morphological
changes and bank erosion along the main anabranch were the main cause of wood re-mobilisation. Up to 40% of
logs moved after 1 hour, and less than 20% stayed at the same place after 5 hours. As a result of the high
mobility of the logs, only about 15% of new logs deposited each hour against an existing jam, resulting in a
configuration with small jams and up to 40% of the logs being deposited as single logs. For high log input rates
(more than 120 logs/hour), we observed the occurrence of larger jams comprising up to 50 logs. The analysis
highlighted that these large log accumulations caused a change in the wood deposition mechanism and
decreased the mobility of individual elements within these large log jams.

The results give us an improved understanding of the wood supply / accumulation dynamics in complex river
systems which are essential to better understand the interactions among river flow dynamics, sediment transport
and large wood.
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Fluviomorphological hazards in roads crossing ephemeral channels on the South East coast of Spain

CONESA-GARCIA C.(1), GARCIA-LORENZO R.(2)

(1) Departamento de Geografia Fisica, Universidad de Murcia, MURCIA, SPAIN ; (2) Servicio de Integracion e
Informacion Ambiental, Comunidad Autdbnoma de la Region de Murcia, MURCIA, SPAIN

Most road-stream crossings over ephemeral channels are vulnerable to extreme hydrologic events. Flash flood
waters can significantly overflow the channel banks and may change course, defying the ability of drainage work
to perform its intended function. Bridges and culverts are usually built when traffic or the road network's
importance justifies the cost, while fords are a more common crossing method on local roads. This paper is
aimed to analyze the main fluviomorphological hazards (FH), affecting road-stream crossings over dry streams in
South East Spain. FH study provides two different approaches depending on the type of crossing they are
applied to: FHg for bridge crossings and FHcrfor road-crossing drainage culverts and fords. These approaches
are focused on estimating the predictable morphological effects for discharges at bankfull and flood-prone
stages. The parameters included in FHg are granular bed susceptibility to incision, associated with the bed
armouring rate, critical velocity (Vc) and general transitory scouring (GTS). In particular, Vc and GTS directly
affect the stability of pier footings and bridge foundations, and can be appropriate indicators for assessing
fluviomorphological hazards at these crossings. In contrast, for FHcr factors such as bed instability, bed load
transport and channel roughness were considered due to their influence on the obstruction of drains, culverts
and fords. The study was carried out on the Mediterranean coast in the Region of Murcia (Spain), where there
are numerous examples of road-stream crossings with insufficient drainage over ephemeral channels. These
crossings are exposed to high transport rates and erosion during flooding, causing highly dangerous situations
for road traffic. In order to test the applied methods, the results were compared with real geomorphological
impacts produced by recent floods.

Key words : Fluviomorphological hazards, road-stream crossings, ephemeral channels, South East coast of
Spain.

*kkkkkkkkk

Geospatial Mapping Ancient Phad Irrigation System in Mousam Basin, Maharashtra (INDIA): A GIS
Approach

THAKRE D.
L.V.H.COLLEGE, NASHIK, INDIA

Traditional water-harvesting systems have existed in India since time immemorial, successfully satisfying the
needs of civilizations in their quest for the ‘elixir of life’. Maharashtra has a unique traditional water-harvesting
technique, known as the ‘Phad’ system, whose roots can be traced back over 300 years. The Mousam River,
located in northwestern part of Nasik District of Maharashtra State is a unique example of Phad irrigation system.
The community managed Phad irrigation system is prevalent in northwest. Each system consists of one diversion
weir, canals, distributaries, field channels, and the command area. The command area is divided in to four parts.
Each part is called as Phad. Size of the Phad is 10 to 200 ha. Te average size is 100-125 ha. The capital costs
for construction of weirs were supported by King or Ruler. River Mousam drains the upper part of Western Ghats
rain shadow zone of Tapti River system.The natural slope of the basin converging from side slopes, rolling
topography, structural terraces in middle part of the basin, and smooth undulating pediment surfaces in the lower
reaches are some of the significant geomorphological characteristics, that are supportive to this irrigation
system..Present paper attempts to study old Phad irrigation system in GIS environment. By using GIS techniques
and tools, Phad canals, distributaries, and command area of each phad zone will be mapped to get the area
under each zone. The main trunk Stream of Mousam River and all its major tributaries/distributaries under this
system will be mapped to obtain all its geomorphometric data. The results obtained will then tested whether this
system can be applicable to the river basin having similar geoenvironmental conditions.
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Contribution of geomatic for multiscale characterisation of river systems: application to the Rhone basin

WIEDERKEHR E.(1), DUFOUR S.(2), PIEGAY H.(3)

(1) CNRS UMR 5600 Environnement, Ville, Soci_t_ - ENS de Lyon, LYON CEDEX 07, FRANCE ; (2) CNRS
UMR 6554 - Université Rennes 2, RENNES, FRANCE ; (3) CNRS UMR 5600 Environnement, Ville, Soci?t? -
ENS de Lyon, LYON CEDEX 07, FRANCE

To achieve the good ecological status of aquatic environments stated by the WFD, an assessment of the
physical condition of the hydrographic network appears as an essential step for targeting actions, yet this issue
still requires research of a fundamental nature. Such assessment in the basin of the Rhéne generates a number
of scientific questions to be answered before considering practical applications. Focusing geomorphic
understanding at a regional scale is a new approach which has methodological constraints linked in particular to
the great heterogeneity of environments.

We developed a semi-automatic method to provide indicators of physical quality within the Rhone river network.
We implemented geomatic tools which have been tested and applied to evaluate their effectiveness and to
provide reliable evidence for the characterization of large-scale physical conditions.

We extracted every 100m, the widths of the active channel and the valley bottom. From these data, we created
geomorphological homogeneous reaches (GHR). Each GHR have been characterized by a set of metrics such
as sinuosity, channel confinement in the floodplain, relative frequency of water channel in the active channel,
channel slope, channel active width and inner GHR variability of width. From a statistical analysis performed on
this set of metrics, we identified 18 channel pattern types. This database has been then used to perform queries
to identify reaches of high natural unheritage value or identify reaches with a high potential in lateral shifting.

This procedure applied systematically at the regional network scale is more powerful than a sampling procedure
because it allows identifying longitudinal thresholds and potentially relates them with their drivers. Moreover, the
semi-automatically method can be applied on the other basins and the database can be completed by new
metrics if no data are available so that the method is reproducible and can be implemented within an adaptive
strategy.
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Hypsometric Analysis for Prioritization and Conservation Planning of Sub Watersheds; a Case study of
Arjunsagar Lake Catchment, North Maharashtra, India

NIKAM S.
S.P.H.College, MALEGAON, INDIA

Hypsometric integrals and hypsometric curve are important indicators of stages of watershed development i.e.
stabilized, mature and young. In the present study attempt has been made to suggest the prioritization of sub
watersheds of study area for water and soil conservation planning based on Hypsometric integrals values. Study
area selected for the present investigation is Arjunsagar lake catchment.

Administratively Arjunsagar lake catchment situated in Satana tahsil of Nashik district, Maharashtra state, India
and extends between geocordinates of 20°38'08.34’N to 20°43'34.73"N latitude and 73°54'22.50”E to
73°58'59.02"E longitude. Total geographical area of study area is 56.36 Km? including 02 Km? water body.
Arjunsagar dam were constructed on Aram river flowing from north to south east.

Total 08 sub watersheds from the study area delineated using Survey of India Topographical map 46H/14 on
1:50,000 scale. Elevation of the basin ranges between 703m to 1543m. Area has been calculated for every 20m
contour interval of all the sub watersheds. Entire watersheds exhibit high potential of surface runoff and soil loss
and no efforts have been taken to properly undertake such kind of assessment. Thematic map of HI values and
descriptive statistics of watersheds calculated using GIS techniques. According to generated results hypsometric
integral values of watersheds are ranges between 0.21 to 0. 52. Low hypsometric values indicate old and more
eroded areas on the other hand high hypsometric integral values indicated less erosion. In the area hypsometric
curve observed in S shaped and concave shaped. Convex shaped hypsometric curve characterize watershed in
young stage, S shape curves indicate the basins in maturity stage and concave hypsometric curve characterize
basins in old stage. Watershed prioritization has been done based on HI values.
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Examination of the morphological characteristics of alluvial fans modified by interactions with rivers in
broad axial valleys in Yukon Territory, Canada, and Alaska, U.S.A.

GILES P.(1), WHITEHOUSE B.(1), KARYMBALIS E.(2)
(1) Saint Mary's University, HALIFAX, NOVA SCOTIA, CANADA ; (2) Harokopio University, ATHENS, GREECE

Although the predominant planform morphology of an alluvial fan is a roughly symmetrical pattern radiating
outwards from the apex, fans in broad axial valleys in Yukon Territory, Canada, and Alaska, U.S.A., commonly
exhibit planform asymmetry. Planform asymmetry is defined as inequality in the lengths of longitudinal profiles
from the apex to points around the lower boundary. This study investigates interactions between fans and axial
rivers that result in the observed asymmetrical morphologies, as well as deflection of axial rivers across their
valleys. In narrow valleys, lateral migration of axial rivers is restricted which leads to fan toes being trimmed
straight across, or to damming of the valley if fan sedimentation rate overwhelms the river’s transport capacity. In
broader valleys, episodic erosion caused by lateral migration of axial river channels has been described as an
important process that trims fan toes and limits progradation of fans, at least temporarily. In the broad glacial
valleys examined in Yukon and Alaska, axial river channels occupy only a portion of the valley width and the
rivers tend to be deflected by the fan mass. Therefore, toe erosion and limited progradation cause longitudinal
profiles on the axial valley upstream sides of fans to be shorter than the downstream sides which leads to the
asymmetry in fan planform morphologies. Scarped faces are frequently observed at the lower ends of shorter
profiles, whereas profiles on the longer sides of fans run out gradually. Measurements of fan morphologies were
made to describe asymmetry quantitatively and to demonstrate that there is a statistically significant relationship
between asymmetrical tendency and direction of axial river flow. However, a related hypothesis stating that
unequal longitudinal profile lengths on an asymmetrical fan would cause fan surface gradients to differ, which
would consequently influence the spatial distribution of streams on the fan surface, was not supported.
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Small catchment river styles® in Brazilian dryland, saco creek watershed

SOUZA J., BARROS A.C.M., CORREA A.C.B.
Federal University of Pernambuco, RECIFE, BRAZIL

The growth of the environmental worry has increased the necessity to adopt policies to the hydric resources
management. An appropriate management is essential to understand the behavior of fluvial environments,
especially in drylands that are primordially instable places. To this, arises the River Styles® Framework that can
be used to describe the characteristics and behavior of fluvial environments. Thus, the main concern of this
research is to identify and describe the River Styles® of Saco Creek watershed, in semiarid Northeast of Brazil,
as well as understand the behavior of each River Style®. To do this, it was used ASTER GDEM data,
QUICKBIRD images, air photograph, and field data, in order to identify the elements and characteristics of River
Styles®. In the Saco Creek watershed it was identified four different compartments; the headwaters, wetland
zone, fault scarp and the pediment zone; that will control the type of River Style®, in addition to the strong
anthropogenic influences. It was identified and described seven River Styles; Headwaters and Gullies in the
headwaters zone, the gullies will be developed on quaternary colluviums; Floodout, Intact Valley Fill and
Discontinuous Sand Bed in wetland zone; Discontinuous Floodplain Bedrock-controlled and Gorges in the fault
scarp zone; and Intact Valley Fill, Discontinuous Sand Bed and Discontinuous Floodplain Bedrock-controlled in
pediment zone. In the pediment zone the presence of several dams, in special the Saco Dam, which control the
evolution of the River Styles® changing the cut-fill channel processes. From the identification and analysis of the
River Styles® in each reach, the adoption of policies to hydric management becomes more adequated.
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Analysis of relationships among alluvial fans and source basins in Lake Trichonis (Western Greece)

KARYMBALIS E.(1), GILES P.(2), PAPANASTASSIOU D.(3), FERENTINOU M.(1), GAKI-PAPANASTASSIOU
K.(4)

(1) Department of Geography, Harokopio University, ATHENS, GREECE ; (2) Department of Geography, Saint
Mary?s University ,, HALIFAX, NOVA SCOTIA, CANADA ; (3) Institute of Geodynamics, National Observatory of
Athens, ATHENS, GREECE ; (4) Department of Geography-Climatology, Faculty of Geology & Geoenvironment,
National Kapodistrian University of Athens, ATHENS, GREECE

In this study 17 morphometric variables describing 23 alluvial fans and their contributing drainage basins in the
tectonically active area of Lake Trichonis (Western Greece) are examined. The main objective of this study is to
classify the fans according to the primary depositional processes (fluvial and/or debris flow) controlling their
formation. Another purpose of this study is to present fan-basin morphometric relationships for the fans, and to
investigate the possible relationship between the geographic distribution of the fans and basins with the local
tectonic patterns.

The Trichonis graben is a 10km width Quaternary structure that strikes WNW-ESE for a distance of 32km and
cuts across the early Tertiary NW-SE fold and thrust structures of the Pindos Mountains. The dipression at north
and south flanks is bounded by E-W and NW-SE trending faults. The alluvial fans of the study area are
developed on the hanging wall of these neotectonic normal faults.The morphology of the fans is strongly affected
by the accommodation space created by subsidence.

Selected morphometric parameters of the basins were measured using topographic maps at 1:50000 scale with
20 m contour lines, while parameters of the fans were derived from topographic diagrams at 1:5000 scale with
2m contour lines. Self Organizing Maps (SOM) were used in order to investigate clustering tendency of alluvial
fans according to both qualitative data and morphometric variables.

The coupling of quantitative morphometry and the artificial intelligence method (SOM) led to the classification of
the fans into two main types with distinct morphological characteristics. Large, less rugged basins have produced
at the eastern side 18 relatively extensive, gently sloping fans dominated by fluvial processes. In contrast, at the
western part of the graben 5 of the fans are steeper formed by a combination of fluvial and debris-flow deposition
processes supplied by smaller, more rugged basins located.
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Integrating river geomorphic processes into optimal planning of reservoir operations

DINH Q.(1), BIZZI S.(1), BERNARDI D.(2), PAVAN S.(2), CASTELLETTI A.(1), SCHIPPA L.(2), SONCINI-
SESSA R.(1)

(1) Department of Electronics and Information, Politecnico di Milano, MILAN, ITALY ; (2) Department of
Engineering, University of Ferrara, FERRARA, ITALY

Water management through dams and reservoirs is worldwide necessary to support key human-related activities
ranging from hydropower production to water allocation, and flood risk mitigation Reservoir operations are
commonly planned in order to maximize these objectives. However reservoirs strongly influence river
geomorphic processes causing sediment deficit downstream, altering the flow regime, leading often to process of
river bed incision. Multi-objectives (MO) optimization techniques used to identify optimal regulation policies
require elevate computing power and then the modelling of fluvial processes is commonly neglected. This is a
significant limitation since the river geomorphic processes deeply affect water management: for instance the
variations of river cross sections over few years can notably affect flood mitigation and water supply strategies.
Moreover geomorphological and ecological processes are deeply inter-correlated.

We present a case study in Italy on the Po River where alternatives release policies of Isola Serafini dam have
been analysed in terms of their effects on hydropower production and river bed incision. A 1-d hydro-dynamic
model with mobile boundaries has been used to simulate the river bed evolution on a ten year horizon. The
response surface methodology (RSM) has been applied to embed the understanding of the river geomorphic
processes into optimal control of water management. The main idea of RSM is to use a sequence of designed
experiments to obtain an optimal response surface. The application of such technique allowed us to assess the
trade-off between hydropower production and river bed incision of optimal release policies. This is a novel and
promising attempt to start integrating the understanding of fluvial geomorphic processes into optimal planning of
reservoir operations.
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Sedge as an influence on channel form: case study of Carex nudata in gravel-bedded John Day River,
Oregon, USA

MCDOWELL P.
University of Oregon, EUGENE, UNITED STATES

New models of interactions between vegetation and hydrogeomorphic processes suggest that vegetation may
exert a major influence on channel form. While this principle is well established for woody vegetation, particularly
woody debris, there is less understanding of how herbaceous vegetation influences channel form. In the upper
John Day River, a montane, cobble- to gravel-bedded river in the intermountain West, a native sedge, Carex
nudata, forms tussocks on the active channel bed, at and within the low flow water level. These tussocks are
highly resistant to erosion due to a dense root network. C. nudata was highly suppressed by cattle grazing until it
was ended in 2000, and C. nudata populations increased dramatically thereafter. This paper uses historical and
modern field data to address questions about the expansion, and geomorphic and ecologic impacts of C. nudata.
Today the tussocks occur in several distinctive biogeomorphic structures, including bar-fringing tussock rows,
tussock rows at the base of banks, and mid-channel clusters and individual tussocks. The tussocks behave as
boulder-sized resistance elements. The bar fringing rows stabilize active gravel bars, while the bank-base rows
appear to be associated with bank erosion and channel widening. The mid-channel tussocks occur on pool tails
and riffle crests. They result in bed scour and, in some cases, channel widening.

From a habitat perspective, C. nudata has increased fish cover, as well as the complexity of bed morphology and
hydraulic diversity. The flood of record in May 2011 produced only limited erosion of C. nudata tussocks.
Comparison of pre and post-flood channel cross-sections shows both the stabilizing and erosive effects of C.
nudata. These changes suggest that C. nudata is setting a new trajectory of channel adjustment toward
narrower, rougher, more stable, and reduced sediment transport conditions.
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Diversion of running water discharge from par river to girnariver valley

NIKAM C.
M.S.G.COLLEGE, MALEGAON, INDIA

Water is the fundamental need for the Socio-economic development of any region. In recent years, Maharashtra
State (India) is facing the problem of regional disparity because of spatial and temporal variability in rainfall and
lack of proper utilization of running water slope of Western part of the Sahyadri is very steep, receives excess
amount of rainfall and adds wasteful into Arabian Sea. Par River (2000 to 3000 mm Avg. Annual Rainfall)
originates from Kame hills of Sahyadri ranges. The river flows further west towards Gujarat State (India) and
adds wasteful water into Arabian Sea. Par river basin experience water scarcity in summer in contrast overflow
discharge in rainy season. The undulating topography limits the local irrigation.

In contrast, eastern part of the Sahyadri (Girna river valley) is the rainshadow zone receiving very low rainfall
(1500-2000 mm Avg. Annual Rainfall). This region therefore always experience water scarcity.

Circulation of water is possible at two levels for sustainable development of any region. In intra-basin circulation
of running water, circulation is possible within a basin itself (Punad Project). Whereas, in inter-basin circulation of
running water, circulation is possible from one basin to another. Proper utilization of water is possible in the study
area by inter-basin circulation of water from Par to Girna basin.
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Historical planform adjustments of rivers from the Eastern part of Pannonian Basin, as indicators of
neotectonic features

PERSOIU I., ROBU D.
Stefan cel Mare University, SUCEAVA, ROMANIA

Somes River, one of the main rivers draining the NW part of Romania, features abrupt changes between
meandering, straight and anabranching channel reaches (on both alluvial and mixed channel types). Its
longitudinal profile variability, as shown by the planform and vertical morphological and morphometrical
characteristics (i.e., sinuosity, channel width, channel slope, river bank heights), reflects both regional geological
setting (e.g., different rates of tectonical uplifts and subsidences, structural controls) and, for the last decades,
human induced channel straightening.

In this study, we analyze, based on successive topographic maps (covering ~150 years), the historical behavior
of the lower reach of Somes River, in order to identify local scale neotectonic elements in the subsidence area (-
1 mm/yrs) of the eastern Pannonian Basin. The area of investigation has a particular scientific importance, as
covering the contact between Romanian Carpathians and the eastern edge of Pannonian Basin, a region with a
strong neotectonic activity.

Based on river channel behavior over the past century and half, we have identified a series of local subsidence
basins and local active faults, which, superimposed on the geological map of the area allowed us to propose a
detailed neotectonic map of the region.
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Oral presentations:

Development and application of a fingerprinting technique for quantitative source ascription of fine
sediment in a large dynamic fluvial environment: Manawatu, New Zealand

VALE S.
Massey University, PALMERSTON NORTH, NEW ZEALAND

Research into the quantification and modelling of sediment movement through a wide range of Earth’s surface
processes has increased substantially in recent decades. However, catchment scale identification of erosion
processes and geomorphically active areas contributing to sediment yield have often been poorly understood
and quantified. This lack of understanding is a limitation to identifying critical source areas and appropriate
mitigation techniques for governing bodies. Traditional field-based techniques for sediment source identification
are typically qualitative, time consuming and difficult to apply to larger catchment scales. Sediment fingerprinting
provides an alternative approach to quantifying sediment sources. The Manawatu River catchment provides an
appropriate location to test the effectiveness of this technique in a large dynamic catchment subject to significant
anthropogenic influences.

In this research ‘sediment fingerprinting’ techniques were applied to identify the sources of fine sediment
throughout the Manawatu catchment, a range of tracer (e.g. elemental, radionuclide, isotopic) analysis's were
applied (e.g. XRF, ICP-MS). Initial sampling was undertaken at key confluence sites to explore and test the
geochemical techniques as well as guide the concept of design for the full scale study. This focused on what sort
of variability was occurring within the study environment, selection of sample locations, and what method of
sample preparation and analysis was both resource efficient and provided source discrimination. Source
ascription is achieved from the approach of a spatial distribution of sub catchments and the geological source as
well as what geomorphic processes are responsible for sediment production. This research demonstrates the
use of sediment fingerprinting in a rapid and efficient approach for identifying principal sources of sediment,
sediment associated nutrients and contaminants which crucially aid erosion management strategies

*kkkkkkkkhk

The sediment budget: a tool to evaluate scale effect on sediment dynamics into a catchment

VIEL V., DELAHAYE D., ROLLET A.J., LESPEZ L., REULIER R., CADOR J.M., DAVIDSON R.
LETG - Caen - GEOPHEN, CAEN, FRANCE

The quantification and characterisation of hydrological and sedimentary transfers are now major challenges to
preserving and restoring European soils and water resources (Law on Water; Water Framework Directive, WFD).
To provide better watercourse and watershed managements, many studies attempted to evaluate soil and bank
erosion at local scale in the hydrosystem. However, sediment dynamics into the catchment remain difficult to
analyze from local to global scale because of intermediary traps. Therefore, to improve the knowledge of these
systems and to go beyond the “black box” study of the way of the catchment works, it is essential (1) to localise
the origin of sediments into the watershed and (2) to identify the role of interlocking scales on the spatial and
temporal dynamics of sediment transfers. In order to evaluate sediment dynamics variability at different scales,5
nested sediment budgets quantifying soil and bank contribution, and sediment exports or storages were realized
in a same catchment for a three years period. This study specifically focused in the Seulles watershed (430 km?),
a typical and poorly documented feature for low-energy water system (<20 W/m?) located in the northern-western
part of France, in Europe. To evaluate slope contribution, soil erosion and runoff connectivity were studied for
two representative sub-catchments (15 km?). Bank erosion was estimated by field investigation from 5 reference
sites. Results were then extrapolated at the catchment scale using a modeling approach. In the same time, 4
high frequency monitoring stations were used to control suspended sediment export at different scales into the
catchment. Results underline the role of the initiation of the drainage networks into sub-catchments while bank
contribution becomes predominant in the downstream part of the watershed.

819



8th IAG International Conference on Geomorphology, Paris 2013

Application of the physically based model, power spectral analyses and cross correlation analyses to
estimate the sediment budget and the delay time for an impacted stream: case study of Italy

PELACANI S.(1), MAERKER M.(1), SCHMITT F.G.(2)

(1) University of Florence, FLORENCE, ITALY ; (2) Université des Lille, CNRS Laboratory of Oceanology and
Geosciences, WIMEREUX, FRANCE

In this study we compare the results of a soil erosion model applied at watershed scale to the suspended
sediment measured in the stream network. A sediment delivery model is applied at watershed scale; the
evaluation of sediment delivery is related to a connectivity fluxes index that describes the internal linkages
between runoff and sediment sources in upper parts of catchments and the receiving sinks. An analysis of the
fine suspended sediment transport and storage was conducted for an human impacted catchments draining into
a reservoir, Florence, ltaly. The time scales of catchment hydrologic response was evaluated using spectral
analysis. By comparing the spectral power of the input sediment source and output stations each wavelength
determines how strongly the catchment attenuates hydrologic and chemical signals on each timescale. The delay
time distribution of the turbidity dataset, and hence of suspended sediment, were calculated using the cross
correlation function. Results show that the time of particle transit ranging between 190 days to one year. The
turbidity dataset at the output station has consistently lower power spectrum than the inlet station along the range
of the studied wavelengths. On the other hand, the output station shows a scaling exponent higher than the inlet
station. Implying a higher persistence of the turbidity. The fractal analysis points out that the system is not in
equilibrium. The present work has demonstrated that by comparing the spectral power of the input and output
stations at each wavelength for the turbidity dataset, it is possible to explain the behavior of a basin subject to
anthropogenic disturbances. When the results obtained from field data are compared with those from the RUSLE
model, the SDR values indicate that there was sediment storage on the channel bed of the non-impacted stream,
more than of the impacted one. This discrepancy may be due to an underestimation of hillslope deposition by the
RUSLE model.
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Modeling of rainfall-runoff and soil erosion processes in various scales and using various DEM -
assessment of effects

DEVATY J., DOSTAL T., KRASA J.

Dept. of Irrigation, Drainage and Landscape Engineering, Faculty of Civil Engineering, CTU in Prague, PRAGUE,
CZECH REPUBLIC

Rainfall-runoff, erosion and transport processes are of high importance within an area of interest and are often
modeled by computer tools of different mathematical approach and precision. Each model requires different set
of input data and provides different possibilities to simulate surface runoff pattern complexity. In case of
distributed rainfall-runoff models digital elevation model is the essential input . This paper presents results of
sensitivity study on DEM'’s source and resolution for two fully distributed model tools. The simulations were
carried out using empirically based continuous model WATEM/SEDEM and physically based event model
Erosion 3D. The elevation data used were: (i) 10x10 m resolution DEM GEODIS (professionally treated
commercialy available raster DEM), (ii) 5x5 m resolution DEM derived from contour-lines in original scale
1:10000 with equidistance 2 m and (iii) 3x3 m resolution DEM derived from laser-scan elevation LIiDAR 5G data.
The goal of the modeling was to assess potentials and limits of the DEMs and model tools for description of
surface runoff, erosion and sediment transport processes, concerning runoff pattern generation. Set of scenarios
was modeled to evaluate variations in soil loss and its spatial distribution in scales of single field plot to small
watershed. Different approaches to simulate control measures design and their effects were tested in the small
scale using Erosion 3D model and using WATEM/SEDEM or simple USLE/GIS approach in medium to large
areas.

This paper was supported by projects:

NAZV ¢&. QI91C008 , TPEO"
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Geological and geomorphological controls of suspended sediment fluxes in periglacial environments of
Russian Arctic

TANANAEV N.

P.l. Melnikov Permafrost Institute, Siberian Branch, Russian Academy of Science, YAKUTSK, RUSSIAN
FEDERATION

It is widely assumed that suspended sediment flux is a product of geomorphic processes, spatially distributed
within the river catchment. Periglacial conditions normally restrict the activity of these processes, along with
increased volumes of temporary sediment storage. Thus in our study we hypothesize that in the Russian Arctic
suspended load tends to originate within the river valleys, due to better source-to-stream connectivity and
enhanced sediment availability. Understanding of interconnections between sediment fluxes and its geomorphic
controls requires the correct quantification of the former. Contemporary sediment flux calculations were carried
out for 22 gauging stations on 13 large rivers of Russian Arctic. Results show that increased sediment yield is
observed in geologically ‘young’ and dynamic areas of Verkhoyansk Range and Arctic Lowlands, in contrast with
relatively stable Neogene planation surface of Central Yakutia. Within the Arctic Lowlands, intensively eroded
river banks act as a primary sediment source. Bank retreat rates reach 40-50 m at meander heads, bank material
is represented by alluvial deposits with high ice content, heavily affected by cryogenic weathering. In alpine
environment of Verkhoyansk Range, lacking well-developed Quaternary deposit cover, valley slope failure may
supply significant amounts of sediment to the streams. This material generally originates from Sartang (MIS2)
moraine complex and glacial till, and is subject to both cryogenic and chemical weathering in river channels,
generating suspended load. Periglacial conditions of the studied region thus appear to limit sediment generation
and transport on the planation surfaces, while enhancing sediment supply of glacially disrupted material (in
Verkhoyansk Mountains) and cryodisturbed alluvial deposits via bank erosion (in Arctic Lowlands).
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Spatial patterns and timescales of fine sediment redistribution in river basins: application of a sediment
budget model with fallout radionuclide tracers

SMITH H., BLAKE W.
University of Plymouth, PLYMOUTH, UNITED KINGDOM

Understanding the redistribution of fine sediment within river basins requires information on the rates and
timescale of sediment supply and transfer across various landscape compartments. Sediment budgets provide
an effective tool for examining these patterns. Such information is typically available from small intensively
monitored research catchments, while examination of larger scale patterns of sediment transfer often requires
the use of modelling-based approaches. Furthermore, knowledge of timescales of fine sediment transfer in river
basins is limited. Few studies link sediment budgets with explicit information on the residence or travel times of
fine sediment. This information is essential for understanding contemporary patterns of river basin sediment
redistribution, and has implications for predicting possible recovery times of rivers affected by contaminated
sediment from historic or recent pollution. Against this background, we aim to quantify the spatial patterns and
timescales of suspended sediment transfer through a river basin (917 km? situated in south-west England. We
apply a spatially-distributed sediment budget model (SedNet) in conjunction with high-resolution spatial data and
long-term rainfall and river flow measurements. Model outputs provide an indication of mean annual patterns of
sediment redistribution and yields, which were computed for three land cover surveys (1990, 2000, 2007). This
modelling was coupled with methods for estimating fine sediment residence times based on Be-7/excess Pb-210
ratios and a two-compartment radionuclide mass balance model comprising slow and rapid transport
components. Findings from this study demonstrate the need for more integrated approaches to better understand
spatial patterns and timescales of sediment redistribution in river basins.
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Sediment Budgets in data poor environments: Case of the Kambaniru Catchment, Indonesia

HOBGEN S.(1), WASSON R.(2), MYERS B.(1), FISHER R.(1)

(1) Charles Darwin University, DARWIN, AUSTRALIA ; (2) National University of Singapore, SINGAPORE,
SINGAPORE

The islands of the East Nusa Tenggara province are some of the driest in Indonesia, with a long dry season,
short wet season (3-5 months) and variable low annual rainfall. Food security is an increasing challenge with a
growing population and greater variability in rainfall projected under climate change scenarios. Weirs have been
constructed to provide reliable agricultural water supplies, however the landscape is highly erodible and weir
pools are rapidly filling with sediment. Understanding of sediment sources is needed to design and implement
effective measures to reduce sedimentation.

This study of sedimentation in the Kambaniru catchment in eastern Indonesia has developed sediment source
mapping and a rudimentary sediment budget. The relative contribution of topsoil and subsoil to sedimentation
was determined using radionuclide tracers *¥'Cs, **°Pbiexcessy and 2*****°Pu. This analysis highlighted the
importance of subsoil sediment sources, previously largely ignored in Indonesian government catchment
management policies. Mapping of sediment sources used remote sensing, field measurements and local
knowledge. Mapping of ‘high risk’ areas for topsoil erosion was undertaken based on the RUSLE equation and
highlighted breaks in connectivity in the upper catchment due to the presence of dambo like structures acting as
sediment sinks. Free software and imagery (SAGA GIS and Landsat, SPOT5, ASTER DEM and imagery on
Google Earth) were purposely used to design methods for a low resource context. Gully erosion and channel
change (subsoil sources) were found to be locally significant, although topsoil contributions are considerably
higher than other reported values for the region. This research provides opportunities for improving the local
capacity to understand sedimentation processes as a basis for developing appropriate catchment management.
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Contributions of on-land sediment sources and transfer to the overall Loire river basin sediment budget

GAY A.(1), CERDAN O.(2), DELMAS M.(3), DESMET M.(4), DEGAN F.(4)

(1) French Geological Survey (BRGM), ORLEANS, FRANCE ; (2) French Geological Survey (BRGM),
ORL?ANS, FRANCE ; (3) INRA Infosol, ORLEANS, FRANCE ; (4) GéHCo, TOURS, FRANCE

Sediment fluxes within continental areas play a major role in the global biogeochemical cycles and are often at
the source of soil surface degradation as well as water and ecosystems pollution. In a context of significant land
use and climate change, it appears important to be able to carry out sediment budgets to assess potential future
impacts induced by such changes. The purpose of this study is to examine the source-to-sink dynamic of the
sediment cycle for 123 small to medium catchments (10 to 10* km?) distributed over the Loire River basin
(France). To this aim, three different steps will be carried out. First, estimations of mean annual specific sediment
load for the 123 catchments are estimated from suspended sediment concentration and water discharge
measurements at basin outlets over the past four decades. Secondly, catchment global parameters (topography,
landuse, drainage density...) and simple indices, combining these parameters, will be calculated to study the
relationship between hillslope production and sediment load at basins outlet. Finally, we will focus on the
development of a distributed modelling approach of on-land sediment transfer processes. Special attention will
be given to hillslope runoff and sediment connectivity by taking into account landscape spatial organisation and
linear pathways as determinant features for sediment transport. The results from the first step on mean annual
specific sediment loads, show that catchments contribute from 30 to 4.10° t.yr':L to the overall Loire river sediment
exports (which equals 0™ t.yr'l). Investigations on catchments global characteristics should then allow the
identification of dominant processes in sediment redistribution, help to draw local and then regional distributed
sediment budgets and bridge the gap between the different spatial scales. Contribution of hillslopes to the overall
catchment budget should finally help to assess in-stream contributions and redistribution processes.
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Using suspended sediment records and lake deposits to reconstruct current and past sediment dynamics
in a small agricultural catchment

FOUCHER A.(1), DESMET M.(1), SALVADOR-BLANES S.(1), CERDAN O.(2), EVRARD O.(3), LEFEVRE 1.(3)

(1) Université de Tours, Laboratoire GehCo, TOURS, FRANCE : (2) BRGM, ORLEANS, FRANCE ; (3)
Laboratoire des Sciences du Climat et de I'Environnement (LSCE/IPSL), GIF-SUR-YVETTE, FRANCE

Sediments budget affords an effective conceptual framework for quantifying sediment mobilization, transport,
deposition and storage within, and sediment output from, a drainage basin. Our study aims at assessing the
effect of long-term land use changes on suspended sediment fluxes and lake in fillings through the analysis of
current and past transfers in a small catchment.

The Experimental Louroux Lake Catchment (24 km?) is a small agricultural basin located in the south-western of
the Parisian Basin (France). Since 60 years, this catchment has largely been affected by land use changes. The
catchment has been submitted to an intensification of agricultural practices, reflected by land consolidation, and
subsurface drainage (more than 220 drain tile outlets, more than 90 % of the catchment drained).

Past transfers are traced through the analysis of four sediment cores taken from the Louroux Lake. The sediment
deposits yield valuable informations relating to both the magnitude of sediment yield in the local area and the
impact of postwar land use change. Since 1000 AD lake bed sedimentation rates have varied, but a pronounced
acceleration since the postwar periods has been recorded. Indeed, since 1945, suspended sediment yields have
represented 4 cm/year and seismic data indicate that from 2003 to 2011 sediments in the lake accrued by 55 cm
in all lake areas.

Three stream monitoring stations are located at the outlets of the main lake tributaries and two at upstream sub-
catchments. Three outlets of subsurface tile drain systems are also continuously monitored in different parts of
the catchment. Representative samples of suspended sediment are collected to encompass the variability in
suspended sediment sources during the study year.

Finally, the fingerprinting method has been performed over the dated cores, suspended sediments and various
supposed sources to explore the relative contribution of those sources on the sediment delivery in the lake.
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A spatially-distributed sediment budget for a regulated catchment in coastal California, USA

DOWNS P.(1), DUSTERHOFF S.(2), LEVERICH G.(2)

(1) Plymouth University, PLYMOUTH, UNITED KINGDOM ; (2) Stillwater Sciences, BERKELEY, UNITED
STATES

A distributed sediment budget (1983-2008) is constructed for the non-impounded area of regulated Lagunitas
Creek, California (i.e., 64km? of 213km2). The budget uses a combination of extensive field surveys, historical
data and topographic surveys, numerical modelling, and a representative-area extrapolation method to generate
spatially-explicit sediment delivery estimates for contemporary processes. All major processes are represented
and compared to sediment output estimated from gauging station records to avoid issues related to unmeasured
residuals. Further independent corroboration is developed using reservoir bathymetric survey and literature-
reported sedimentation values from the local area. Error estimates are propagated from measurements
associated with field surveys and sediment gauging, while sensitivity analyses provide an indication of
uncertainty related to data assumptions and models. An estimated yield of approximately 20,000 t a’t implies an
average unit yield of ~300 t km? a™ from the undammed, sediment-contributing area. This rate is comparable
with reported maximum yields of sediment derived during land surface disturbances associated with initial Euro-
American settlement in the catchment and occurs because nearly 60% of the effective sediment production is
now derived from channel erosion sources (due largely due to flow regulation). Further, catchment sediment
yields are maximised because the incising mainstem channel creates a highly efficient routing conduit to the
catchment mouth. Together, these attributes illustrate the importance of quantifying channel-derived sediment in
estimating contemporary human impacts on fluvial systems, especially those subjected to regulation,
urbanisation, channelisation and field drainage as a consequence of population growth in the recent
Anthropocene period.
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Quantification of the fluvial sediment budget and associated particle-bound pollutant redistribution in an
agriculture-dominated river basin of the European Russia: the problem of upscaling

BELYAEV V.(1), EVRARD 0.(2), MARKELOV M.(1), SHAMSHURINA E.(1), IVANOVA N.(1), GOLOSOV V.(1),
PARAMONOVA T.(3), OTTLE C.(2), LEFEVRE 1.(2), BONTE P.(2)

(1) Laboratory of soil erosion and fluvial processes, Faculty of Geography, Lomonosov Moscow State University,
MOSCOW, RUSSIAN FEDERATION ; (2) Laboratoire des Sciences du Climat et de I?Environnement
(LSCE/IPSL), Unité Mixte de Recherche 8212 (CEA/CNRS/UVSQ), Centre de Recherche du CNRS, GIF-SUR-
YVETTE, FRANCE ; (3) Department of Radioecology and Ecotoxicology, Faculty of Soil Science, Lomonosov
Moscow State University, MOSCOW, RUSSIAN FEDERATION

Quantitative assessment of a fluvial sediment budget is the key approach in fluvial geomorphology and
hydrology, and also an essential tool for investigating the redistribution of particle-bound contaminants. Here we
present an application of several independent approaches for quantifying the post-fallout particle-bound
redistribution of the Chernobyl-derived ¥’cs and the basin-scale sediment budget for the River Plava basin
situated in the Central European Russia. First stage of the study included creation of the digital elevation model
and land use map for the entire River Plava basin and morphometric analysis of the cultivated slope morphology
and fluvial network characteristics. Basing on that, several representative small catchments were selected as key
study sites where detailed investigations of local-scale sediment redistribution and delivery have been
undertaken at the second stage of the work. Methods used at the key catchments included 137Cs-based sediment
tracing, two soil erosion models and the analysis of soil profile morphological structure. At the third stage results
obtained for the key catchments have been upscaled in order to reconstruct the entire River Plava sediment
budget. The upscaling was based on statistical analysis of cultivated hillslope morphology, sediment delivery
ratios for valleys of different Hortonian order and the analyzed spatial patterns of the fluvial network. The results
showed that most of the sediment originating from soil erosion on cultivated slopes is redeposited on the
uncultivated lower parts of the slopes or in the bottoms of infilled gullies, hollows and 1-3rd order valleys. The
River Plava valley itself represents a system dominated by efficient transport, with very limited floodplain
sediment storage. Sediment interception by the existing local dams and reservoirs have also been taken into
account. It has been estimated that only about 1-2% of the basin-scale sediment volume reaches the River Plava
basin outlet.
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Role of landslides in sedimentary fluxes in tropical mountain regions

GUNS M.(1), VANACKER V.(1), DEMOULIN A.(2)

(1) Université catholique de Louvain, George Lemaitre Centre for Earth and Climate Research, Earth and Life
Institute, 1348, BELGIUM ; (2) Université de Liége, Dept of Physical Geography and Quaternary, 1348,
BELGIUM

Landslides are known to be recurrent phenomena in active mountain belts, but the contribution of landslides to
the overall sedimentary fluxes is not yet well known. In this work, we provide new data on landslide-derived
sediment production and its contribution to sediment fluxes for a tropical Andean catchment. The Rio Pangor
catchment (Ecuadorian Cordillera Occidental, 280km?) is particularly interesting for this study, as it has a wide
range of landslide types with varying depths, surface area, and different topographic settings.

Landslide inventories were established based on sequential aerial photographs (1963, 1977 and 1989) and a
very high resolution WorldView2 image (2010). Aerial photographs were ortho-rectified, and coregistred with the
WorldView2 satellite image. Field campaigns were realised to collect field-based data on landslide types, their
depths, widths and lengths. This allowed us to establish an empirical relationship between landslide area and
volume, which was then applied to the landslide inventories to estimate landslide-related sediment production
rates. The contribution of landslides to the overall sediment flux of the Pangor catchment was then estimated by
comparing the landslide-related sediment production to (i) the suspended sediment loads at the outlet of the
catchment and to (ii) 10-Be derived denudation rates.

The empirical landslide area-volume relationship established here for the Ecuadorian Andes has a sigma equals
to 1.42, which is typical for landslides involving bedrock failure (Larsen et al., 2010), and an exponent alpha
equal to 0.18. With our empirical equation, the volume estimation is similar (+10%) to the one obtained using the
equation proposed by Larsen et al. (2010) for the Himalayas.

Landslide-derived sediment production is estimated at 250 — 1200 mm/kyr, and is within the range of the 10Be-
derived denudation rates. This suggests that landslides are the main source of sediment in this tropical
mountainous catchment.
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Sediment budget of two glacial rivers in Iceland

JENSEN E.
Icelandic Meteorological Office, REYKJAVIK, ICELAND

Recent analyses on sediment budget in two glacial rivers in Iceland are presented here. These river catchments
are very dynamic and hydro power plants have been planned in both of them. bjorsa river is the largest river in
Iceland and hydro power is already being harnessed in the upper reaches. Skafta river has very complicated
hydrology with frequent glacial outbursts (jokulhlaups). Here the total sediment, suspended sediments and
bedload budget is summariesed for both rivers. The large river bjorsa has total budget of 1.64 million tonnes per
year whereas the Skafta river has total sediment budget of 5.5 million tonnes per year. The glacial outbursts
occuring in Skafthd were calculated separately and show values between two to over three million tonnes per
event. The years 2002 and 2003 had both two jokulhlaup events(glacial outbursts) and as a consequence the
annual budget of those two years was almost doubled. This information is very important to future planning of
hydro power harvesting. The data includes other interesting information pointing to climate change effects as well
as recently confirmed ashfall effects on glacial melt.
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Geoecological functions of polar river systems

ZWOLINSKI Z.
Institute of Geoecology and Geoinformation, Adam Mickiewicz University in Poznan, POZNAN, POLAND

This paper outlines general functions with which to interpret river evolution, behaviour and character in polar
systems. On the basis of different river schemes presented by various authors hierarchical, functional and
systematic divisions of river patterns are analysed within drainage basin. Drainage basin or river catchment as
holistic system is fundamental assumption of this undertaken analysis. The fluvial system presented by Schumm
(1977) is an input to this analysis. Next several river schemes which have various analytical assumptions:
geological, geomorphic, morphometric, hydrological, denudational, glaciological, sedimentological, ecological,
botanical etc are adjusted. After examination of these different visions useful features of each scheme are
adopted to a model of polar river system. Adopted analysis is based on four steps of reading the landscape
(Fryirs and Brierley 2012) in this case of fluvial and slope landscapes in glacial, proglacial, periglacial and
paraglacial terms. As an effect of analysis geoecological functions for river systems on polar areas are
presented. These functions are divided for glaciated and unglaciated catchments. Distinguished functions
described successive geoecological zones in polar catchments.

Fryirs K.A. & Brierley G.J., 2012. Geomorphic Analysis of River Systems: An Approach to Reading the
Landscape. John Wiley & Sons, Chichester.

Schumm S.A., 1977. The fluvial system. John Wiley & Sons, Chichester and New York.
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Response of Landslide Sediment Dynamics to Forest Clearing in Coastal British Columbia, Canada

BRARDINONI F.(1), MAYNARD D.(2), ROLLERSON T.(3)

(1) University of Milano-Bicocca, MILANO, ITALY ; (2) Maynard & Assoc., NORTH VANCOUVER, CANADA ; (3)
Golder Associates Ltd., GABRIOLA ISLAND, CANADA

We compile and examine a landslide historical inventory in northeastern Vancouver Island, Canada. The study
area is underlain by extrusive (upper Triassic Karmutsen Formation) and intrusive rocks (Jurassic Island
Intrusions). The dataset, compiled via interpretation of sequential aerial photosets, helicopter traverses, and
extensive fieldwork, comprises a total of 1961 sediment sources, including 798 field-measured events. Field- and
photo-based data cover a time window of approximately 70 years. The effects of forest management on landslide
activity are assessed in terms of landslide density, sediment production, landslide geometry, landslide
magnitude-frequency relations, topographic conditions of landslide initiation and deposition, and sediment
redistribution across landscape components.

Results indicate that forest management alters natural landslide dynamics in many respects. Logging-related
debris avalanches are typically smaller, consequently the magnitude-frequency relation in logged terrain
occupies the small-to-medium magnitude spectrum (< 6000 m®), with frequencies increasing by over an order of
magnitude. Lithologic effects on sediment production appear amplified in that terrain underlain by extrusive rocks
become increasingly more unstable than intrusive ones. Analysis of landslide initiation and deposition zones
reveals that forest management accelerates sediment aggradation on mid and lower hillslopes and along the
gully network. This pattern, which accelerates sediment recharge of gully systems, has the potential of increasing
the frequency of channelized debris-flows, hence cause an extended period of disturbance, before sediment
dynamics recover to pre-logging conditions. The effects of forest clearing on hillslope-channel coupling are
composite: in cutblocks the percentage of sediment delivered to streams is reduced by 20-60% whereas road-
related landslides are associated with highest connectivity to streams.
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Controls of snow avalanche distribution and geomorphic avalanche activity at hillslopes in steep
mountain valleys in western Norway

LAUTE K., BEYLICH A.A.
Geological Survey of Norway (NGU), TRONDHEIM, NORWAY

Snow avalanches are common phenomena in Norway. Research on snow avalanches provides insights into
possible effects of predicted climate change on avalanche activity and connected sediment transport in mountain
areas. This study focuses on (i) controlling factors of avalanche distribution and activity, and on (ii) their relative
importance regarding mass transfers in two steep, parabolic-shaped and glacier-connected tributary valleys
(Erdalen and Bgdalen) in western Norway. Mapping of distribution, extension and run-out distances of
avalanches is combined with spatial data analysis of morphometric controls. Based on correlation of climate data
with monitored avalanche events the timing and frequency of avalanches is explored and debris mass transfer on
hillslopes caused by avalanches is estimated. The denudative effect of snow avalanches occurs in two steps:
firstly throughout erosion directly on the surface of the rockwall and secondly due to their transport ability which
causes significant remobilization and transport of available debris further downslope. The distribution of snow
avalanches depends on the valley orientation, slope aspects and rockwall morphometry. Especially distinct
“bowl” shaped leeside upper rockwall areas allow a high accumulation rate of snow during winter which is then
released as avalanches during spring. The timing and frequency of avalanches in both valleys depend mainly on
snowfall intensity, periods with strong winds combined with a stable wind direction or sudden air temperature
changes. As snow avalanches represent one of the dominant denudational processes they have a high relative
importance regarding mass transfer within the sedimentary budgets of the entire valleys.
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The Temporal and Spatial Quantification of Holocene Sediment Dynamics in a meso-scale catchment in
northern Bavaria / Germany

FUCHS M., WILL M.
University of Giessen, GIESSEN, GERMANY

The Aufsess River catchment (97 km?) in northern Bavaria, Germany, is studied to establish a Holocene
sediment budget and to investigate the sediment dynamics since the early times of farming in the 3 millennium
BCE. The temporal characterization of the sediment dynamics is based on an intensive dating program with 73
OSL and 14 *C ages. To estimate soil erosion and deposition, colluvial and alluvial archives are investigated in
the field by piling and trenching, supported by laboratory analyses. The sediment budget shows that 58% of
these sediments are stored as colluvium in on- and foot-slope positions, 9% are stored as alluvium in the
floodplains and 33% are exported from the Aufsess River catchment. Colluviation starts in the End-Neolithic (ca.
3100 BCE), while first indicators of soil erosion derived alluviation is recorded ca. 2-3 ka later. The pattern of
sedimentation rates also displays differences between the colluvial and alluvial system, with a distinct increase in
the Middle Ages (ca. 1000 CE) for the alluvial system, while the colluvial system records low sedimentation rates
for this period. A contrast is also observed since Modern Times (ca. 1500 CE), with increasing sedimentation
rates for the colluvial system, whereas the alluvial system records decreasing rates. The different behavior of the
colluvial and alluvial system clearly shows the non-linear behavior of the catchment’s fluvial system. The results
further suggest that human impact is most probably the dominant factor influencing the sediment dynamics of the
catchment since the introduction of farming.
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Regionalization of geomorphic processes in the proglacial area of Gepatsch and Weil3see glaciers,
Oetztal Alps, Austria

HILGER L., HECKMANN T., HAAS F., BECHT M.
Catholic University of Eichstaett-Ingolstadt, EICHSTAETT, GERMANY

Geomorphic processes in proglacial areas show intensities significantly higher than in lowlands. This fact can
partially be explained by accelerated geomorphic reworking of comparatively recently exposed sediments and
increased rockfall activity, both reflecting a transition to non-glacial conditions. Present day degradation of
permafrost in elevation zones above the glacier tongues further contributes to high morphodynamics in such
areas. A regionalization of geomorphic process domains and rates is a prerequisite to arrive at process-
differentiated and total sediment budgets, not only in high mountain areas.

This paper focuses on the preliminary results of a regionalization of geomorphic processes within the proglacial
areas and the sediment contributing slopes of two glaciers in the Otztal Alps, Austria. The presented work is part
of the interdisciplinary joint project PROSA (High-resolution measurements of morphodynamics in rapidly
changing PROglacial Systems of the Alps) investigating the relative importance of glacial and non-glacial
geomorphic processes for a recent process-differentiated sediment budget.

While multi-epoch terrestrial laser scanning data (TLS) of test sites at rockwall-talus systems and heavily gullied
lateral moraines made it possible to determine process areas and rates on the local scale, high-density airborne
LiDAR (ALS) data was available for all of the ~62 km? study area. DEMs of difference (DoDs) were generated
from both ALS and TLS data wherein DEM quality adapted limits of change detection (LoDs) were applied. The
obtained rates were regionalized by applying both probability based process models and a detailed geomorphic
map prepared from high resolution DEMs (and derivatives) and high-resolution orthophotos.

An investigation of process connectivity is under way. A graph-theoretical approach has been proposed for an
analysis of the linkages of process domains to the proglacial zone and between different subsystems of the
catchment.
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Sediment transfer and geomorphic work on a periglacial mountain slope

MUELLER J.(1), GAERTNER-ROER 1.(1), KENNER R.(2), MORCHE D.(3)

(1) Department of Geography, University of Zurich, ZURICH, SWITZERLAND ; (2) WSL Institute for Snow and
Avalanche Research SLF, DAVOS, SWITZERLAND ; (3) Department of Geoscience and Geography, University
of Halle-Wittenberg, HALLE, GERMANY

Mountain geosystems are characterized by an extensive transfer of mass and energy, reflected in its
geomorphological processes shaping the landscape. Changes in the temperature regime lead to corresponding
changes in geomorphological processes and are manifested in characteristic landforms. Thus, distinct changes
are expected in the periglacial belt, which is most sensitive to temperature changes, especially at its boundaries.
So far, few attempts have been undertaken to quantify the transfer of sediment or energy in this environment.

A periglacial mountain slope near the lower permafrost boundary was investigated in Eastern Switzerland
(Corvatsch). The slope is characterized by a typical coarse debris process chain: rock wall --> rock fall --> talus
slope --> permafrost creep --> rockglacier. Rockglaciers are considered to be sediment traps for the coarse
debris system, reflecting the erosion history of the corresponding catchment. Headwall recession, creep
processes and energy transfer (geomorphic work) of the talus slopes and rockglaciers are quantified using a
multi-method-approach combining remote sensing and terrestrial methods. Multitemporal DTMs developed
during the last two decades allow the quantification of sediment transfer of the slow moving landforms (frozen
talus slopes and rockglaciers). Sediment input from the rock wall is quantified by repeated laser scanning over
the last 4 years. The multitemporal high resolution topographic information is used to compute the geomorphic
work within this period.

The purpose of the study is to describe sediment and energy transfer on a periglacial mountain slope and to
assess the relevance of permafrost occurrence for sediment budgets in a changing climate. The geomorphic
work approach allows the characterisation and quantification of the slope’s sediment dynamics on the basis of
energy transfer and creates process-related and scale independent comparability.
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Sediment sources, yield and connectivity in a low relief alpine catchment, Snowy Mountains, New South
Wales, Australia

STROMSOE N.(1), CALLOW N.(2), MCGOWAN H.(1), MARX S.(3)

(1) University of Queensland, BRISBANE, AUSTRALIA ; (2) University of Western Australia, PERTH,
AUSTRALIA ; (3) University of Wollongong, WOLLONGONG, AUSTRALIA

The Snowy Mountains are a unique alpine region from which to investigate the relative significance of fluvial and
atmospheric sediment input as well as the yield and transmission of sediment through different components of
the landscape. The Snowy Mountains are relatively geologically old, of moderate relief (<2,500m asl) and have a
well-developed soil mantle protected by a dense cover of vegetation at even the highest elevations. Some
previous research has shown transport rates are generally low for an alpine region (<20t/km?/yr).

Using uranium isotopes, **C, ?!°Pb and **'Cs and ICP-MS analysis of sediment geochemistry, we investigated
sediment transport and residence times in the Snowy Mountains over timescales of decades to several thousand
years and for multiple depositional landscape features (e.g. tarns, bogs and reservoirs). Results to date suggest
highly spatially variable sediment yields between 6 t/ka/yr (high elevation reservoir) to 230 t/ka/yr (tarn). Bog
environments show almost entirely atmospheric input of sediments, though tarns are dominated by localised
fluvial inputs. The modest sized (90 km®) catchment above the reservoir is moderately disturbed by post-
European cattle grazing and recent severe bushfires and has a relatively connected catchment (60% effective
catchment area). Yet the low reservoir sediment yield indicates that sediment transmission is reduced by micro-
scale patterns of sediment disconnectivity which are observed occur across individual hillslopes. Bog
environments proximal to streams are also likely to act as efficient filters, with distal bog environments showing
limited or no evidence of sediment transmission and redistribution via fluvial processes. Ongoing work at the
hillslope-scale will further quantify erosion rates by investigating soil development and residence times to provide
a more complete understanding sedimentation in sediment stores.
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Poster presentations:

Estimate of Reservoirs Storage Capacity and Total Sediment Trapped in China

LU X., YANG X., RAN L.
Department of Geography, National University of Singapore, SINGAPORE, SINGAPORE

Chinese rivers have been experiencing a drastic decline in sediment loads in recent decades. This is mainly due
to massive reservoirs constructions, although other factors like rainfall reduction, water withdrawals, sand mining,
and vegetation recovery also play an important role in the sediment loads decline. By use of remote sensing
images in conjunction with Google Earth and field check, the spatial distribution of constructed reservoirs in the
large Chinese river basins was delineated and their storage volumes were estimated.The number of the
extracted reservoirs (>0.0036 kmz2) is close to 90,000, almost half of the extracted lakes (over 180,000). The
extracted reservoirs have much higher capacity (780 km3) than the extracted lakes (260 km3). The total amount
of sediment trapped behind these dams will be estimated. The ultimate goal is to evaluate their cumulative
impacts on sediment supply to coastal areas.
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The ILA.G./A.l.G. SEDIBUD (Sediment Budgets in Cold Environments) Programme: Scientific key issues
and future tasks

BEYLICH A.A.(1), LAMOUREUX S.F.(2), DECAULNE A.(3)

(1) Geological Survey of Norway (NGU), TRONDHEIM, NORWAY ; (2) Queen's University, Department of
Geography, KINGSTON, CANADA ; (3) CNRS UMRG6042 Laboratory of Physical and Environmental Geography
GEOLAB, University of Clermont-Ferrand, CLERMONT-FERRAND, FRANCE

Projected climate change will undoubtedly change surface environments in cold regions and alter the fluxes of
sediments, nutrients and solutes, but the absence of quantitative data and coordinated process monitoring and
analysis to understand the sensitivity of the Earth surface environment is acute in cold climate environments. The
I.LA.G. / A.L.G. SEDIBUD (Sediment Budgets in Cold Environments) Programme, building on the ESF SEDFLUX
Network (started in 2004), was formed in 2005 to address this existing key knowledge gap. The central research
question of this global group of scientists is to "Assess and model the contemporary sedimentary fluxes in cold
climates, with emphasis on both particulate and dissolved components”. SEDIBUD has developed manuals and
protocols (SEDIFLUX Manual) with a key set of primary surface process monitoring and research data
requirements to incorporate results from diverse field-based projects and allow coordinated quantitative analysis
across the programme. About 50 defined SEDIBUD key test sites worldwide provide data on climate conditions,
discharge and particulate and dissolved fluxes as well as information on other relevant surface processes.
Defined SEDIBUD key tasks include(i) The ongoing and continued generation and compilation of comparable
longer-term datasets on contemporary sedimentary and solute fluxes and yields from SEDIBUD key test sites
worldwide, (ii) The continued extension of the SEDIBUD metadata database with these datasets, (iii) The testing
of defined SEDIBUD hypotheses by using the datasets compiled in the SEDIBUD metadata database. Detailed
information on SEDIBUD is found at the SEDIBUD website http://www.geomorph.org/wg/wgsb.html.
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Holocene human impacts on fluvial sedimentary budgets in Malta, Central Mediterranean

SULTANA D.
University of Malta, MSIDA, MALTA

The Maltese Islands occupy a pivotal area in the Central Mediterranean, despite the latter, there have been
relatively few studies regarding Holocene sedimentary processes. Research addresses these lacunae and ads to
our ability to understand the role the first Maltese inhabitants had in altering sedimentary budgets.
Sedimentological and palynological studies were carried out on core and outcrop data from Marsa with the aim of
appraising Maltese middle Holocene (6000 cal. BP) sedimentary depositional environments and processes.
Studies indicate that tectonic and climatic environments within the Islands did not substantially change during the
middle Holocene. Despite the uniformity of these parameters, sedimentary studies of fluvial sequences showed
exceptionally high rates of accretion during the middle Holocene epoch. Sedimentary accumulation rates as high
as 5 meter per 500 years were measured. Palynological studies within the same epoch also indicate a shift in
pollen species with a dramatic decrease in woodland pollen and a simultaneous increase in agricultural
associated pollen.

High fluvial sedimentation rates during the middle Holocene were not found to coincide with variations in climatic
and tectonic environments and were thus not thought to be the cause. The increase in fluvial sediment budget is
proposed to be the result of intense soil erosion in upland sediment source catchment areas. The authors
propose that high erosion rates were the consequence of deforestation (as early as 7300 cal. BP), brought about
by early human agricultural practices. Eroded sediments were transported via fluvial systems and deposited at
sea-level forcing rapid delta progradation despite a transgressive marine environment. The study thus gives
evidence to the impacts early human activities had on Maltese ecosystems and fluvial sediment budgets.
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The main snow-avalanche winters of the last 100 years documented by dendrogeomorphology in the
Bgdalen and Erdalen valleys, inner Nordfjord, western Norway

DECAULNE A.(1), EGGERTSSON 0.(2), LAUTE K.(3), BEYLICH A.A.(3)

(1) CNRS - Geolab, CLERMONT-FERRAND, FRANCE ; (2) Iceland Forest Service, Research Branch, Mogilsa,
REYKJAVIK, ICELAND ; (3) Geological Survey of Norway (NGU), TRONDHEIM, NORWAY

The Bgdalen and Erdalen valleys present a high relief and a U-shaped system in the innermost part of the
Nordfjord area in western Norway. Elevation varies from 520 to 2082 m a.s.l.

The lower parts of the cones are covered with downy birch (Betula pubescens Ehrh.) and grey alder (Alnus
incana (L.) Moench) shrubs; tress in the runout zone are heavily damaged up to the opposite slope, crossing the
sub-horizontal valley floor.

The forest-covered valley floor offers a great opportunity for snow-avalanche reconstruction using tree rings.

The methods used in this study include field survey, tree sampling, sample analyses and construction of a snow-
avalanche chronology. Field survey locates the obvious impacts of snow avalanches in the distal runout zone,
such as mineral debris deposits and damage on trees. Tree sampling of up to 91 trees, alive and dead, include
cores and disks, selected randomly and along transects within the runout zones. The construction of the snow-
avalanche chronology is based on the eccentricity signal of the impacted trees, dead of trees and dating of scars;
the calculation of the avalanche activity index is derived for each year, according to the number of signals
registered by trees related to the number of trees alive at this time.

The age structure of the stands reveals rather young trees, ranging from 20 to over 100 years.

The snow-avalanche chronology reveals numerous winters over the last 100 years with a representation over
10% and more than two trees responding during the same growth season. Four main winters are highlighted,
1940-1950, 1975-1976, 1996-1997 and 2006-2007. All of them have extreme runout distances, reaching 350 to
430 m from the toe of the cone.

Dendrogeomorphology is an efficient tool to unravel snow-avalanche chronology in the valley during the last 100
years. The snow-avalanche calendar is very reliable since the 1950s.
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A sediment budget of an intensively cultivated downslope area of the Seine River: The Pays de Caux
loess plateaux

LANDEMAINE V.(1), CERDAN 0.(2), LAIGNEL B.(3)

(1) Université de Rouen - BRGM, MONT SAINT AIGNAN, FRANCE ; (2) BRGM, ORLEANS, FRANCE ; (3)
Université de Rouen, MONT SAINT AIGNAN, FRANCE

In many cultivated areas of the loess belt in Northern Europe, loamy soils are particularly sensitive to runoff and
erosion. The different erosion processes may not be continuous within a catchment, and runoff and erosion
responses to rainfall events differ in function of the spatial scale of observation. Many of the underlying
mechanisms of this scale effect are still unknown and/or not well described. In addition to spatial heterogeneities,
erosion processes are also varying depending on the temporal resolution of measurements from the effect of the
temporal dynamic of successive rainfall events to more seasonal variations either influenced by climate or
anthropogenic land use changes. The objective of this paper is to identify and quantify the scale effects on runoff
and erosion, from the field scale to the regional scale. The first part of this study will consider the effect of the
spatial organisation of the landscape, both in terms of connectivity and patchiness. The second part will
investigate the relative importance of the different processes that emerge as we move from one scale to another.
More specifically we will quantify the different form of sediment transfer from local hillslope laminar flow, to
concentrated flows to karst areas or to the river systems and, finally, to regional river export to the sea. These
different quantifications will be extrapolated at the regional scale, taking into account of the landscape spatial
organisation, to establish a regional sediment budget.
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Relationship between Norway spruce (Picea abies (L.) Karst.) growth anomalies and sedimentation rates
in the sulphur mining area of Calimani Massif, Romania

ANGHEL T.(1), STOFFEL M.(2), POP O.(1), BUIMGA-IARINCA S.(1), IRIMUS L.A.(1)

(1) Babes-Bolyai University, Faculty of Geography, CLUJ-NAPOCA, ROMANIA ; (2) University of Bern, Institute
for Geological Sciences, Laboratory of Dendrogeomorphology & University of Geneva, Institute for
Environmental Sciences, Carouge-Geneva, BERN & GENEVA, SWITZERLAND

Geomorphic processes (e.g., flows, slides) occurring in the poorly consolidated waste dump deposits of the
sulphur mines represent a serious threat for the environment and people living downstream of abandoned sites.
The Negoiul Roménesc volcanic cone (Calimani Massif, Romania, 1895 m a.s.l.) is such a case, and toxic debris
flows and landslides have recently started to affect a Norway spruce (Picea abies (L.) Karst.) forest located
between 1700 and 1320 m a.s.l. In addition, at the lateral boundaries of the Dumitrelul retention basin,
constructed to retain the waste, P. Abies trees are covered with up to 160 cm of toxic, sulphur-rich sediments
originating from the waste dump deposits. This study aims at using dendrochronological methods to (i) analyze
reactions of trees to sedimentation/burial by toxic debris and (ii) to determine the span time and burial depth tree
can support in such an environment. The determination of tree locations was performed by topographical
measurements using a Leica 407 total station. The dendrochronological study was performed with 22 buried P.
abies trees. To analyze height, extent and intensity of anatomical changes in tree-ring records, a set of samples
was extracted every 10 cm on the trunk of each tree, providing 450 increment cores and 57 stem discs. Another
20, non-affected P. abies trees were sampled (40 increment cores) to obtain undisturbed reference tree growth
at the site and to compare with growth anomalies (i.e. residuals) in affected trees. The results show that trees
severely react producing tangential rows of traumatic resin ducts (TRD) and growth suppression sequences (GS)
during or following years with sedimentation events. The samples from affected trees show this type of reaction
up to 110 cm under the sediment surface level reached in 2007, but also until 50 cm up on the trunks from this
reference level. A high concentration of the TRD and GS is observed between 30 cm underground and 30 cm
above to the reference level. These results could improve sampling strategies for the similar future studies in the
mountain areas affected by mining activities.
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Spatio-temporal variation of snow avalanche activity in Piatra Craiului Mountains (Romanian Carpathians)
assessed by dendrogeomorphological methods

POP O.(1), MUNTEANU A.(2), GAVRILA I.(1), ANGHEL T.(1), PETREA D.(1)

(1) Babes-Bolyai University, Faculty of Geography, CLUJ-NAPOCA, ROMANIA ; (2) University of Bucarest,
Faculty of Geography, BUCAREST, ROMANIA

Dendrogeomorphological methods were used here to analyze the reaction of trees to snow avalanche impact
and to assess the time and spatial distribution of this geomorphic process in four different avalanche paths of
Piatra Craiului Mountains. The dendrogeomorphological study was performed with 166 Picea abies (L.) Karst.)
trees. Another 27, non-affected P. abies trees were sampled to obtain undisturbed reference tree growth at the
site and to compare it with growth anomalies (i.e. residuals) in affected trees. The tree-rings showing growth
anomalies (e.g. tangential rows of traumatic resin ducts, compression wood, callus tissue, growth suppression
and growth release) were used to reconstruct a minimum frequency of avalanche activity for each of the four
avalanche path site. The results show the affected trees reacted severely during or following years with snow
avalanche events. In addition, data shows that the intensity of growth reactions in trees is positively correlated
with position of trees on the avalanche couloir.
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The experimental Louroux lake catchment: continuous records of discharge and suspended sediment
flux in a small agricultural catchment

FOUCHER A.(1), SALVADOR-BLANES S.(1), DESMET M.(1), CERDAN 0.(2), EVRARD 0.(3), LEFEVRE I.(3)
(1) Université Francois Rabelais de Tours, Laboratoire GeHCo, TOURS, FRANCE ; (2) BRGM, ORLEANS,

FRANCE ; (3) Laboratoire des Sciences du Climat et de I'Environnement (LSCE/IPSL), GIF-SUR-YVETTE,
FRANCE

The experimental Louroux lake catchment is a small agricultural headwater catchment (24 km?) of the Indre River
which drains into the Loire River (France). This small catchment has been equipped with an experimental setup
monitoring suspended sediment fluxes since 2012.

This catchment is characterised by lowland topography with gentle slopes (0.44 %). Most of the catchment (95
%) is cultivated and there are only a few fields occupied by long term pasture. Since the last Second World War,
an intensive farming has been established. The catchment has been extensively submitted to subsurface
drainage using drain tile. There are at least 220 drain tile outlets in the catchment and it is estimated that 90 % of
the catchment is drained, 20 km of stream have been created and the lands reallocated.

A 55 ha lake dating back from the Middle Ages is present at the catchment outlet: this lake intercepts the
suspended sediment flow of the catchment. Since 1000 AD, lake bed sedimentation rates have varied, with a
pronounced acceleration since the early 1940s with lower quality of lake and rivers waters (N and P
pollutions).The increase in suspended sediment yields and water degradation during the postwar periods is
attributed to an increase of intensive farming in the catchment.

Eight continuous monitoring stations and one weather station have been positioned over the catchment.
Continuous records of discharge and suspended sediment concentration are available from each of monitoring
stations using V-notch and turbidity sensors.Three stream monitoring stations are located at the outlets of the
main lake tributaries and two at upstream sub-catchments. The outlets of three subsurface drain tile systems
draining arable fields are also monitored at different parts of the catchment.

This monitoring should allow a better understanding of the origin and dynamics of sediment transport within small
intensively cultivated plain catchments.
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Lateglacial to Holocene sediment budget of a small subAlpine river catchment: using 3D
palaeotopographic reconstructions for volume quantification

GUITER F.(1), BRISSET E.(2), MIRAMONT C.(1), ANTHONY E.(3), BRUNETON H.(3)

(1) IMBE Aix-Marseille University, AIX EN PROVENCE, FRANCE ; (2) CEREGE/IMBE - Aix Marseille University,
AIX EN PROVENCE, FRANCE ; (3) CEREGE - Aix-Marseille University, AIX EN PROVENCE, FRANCE

We present GIS-based quantification of stream catchment sediment budgets in a high-energy subAlpine setting
in south-eastern France characterized by markedly different phases of deposition, stream incision, erosion and
downstream sediment export. GPS-assisted field investigations were conducted in order to map accurately the
geomorphology of the Charanc catchment at 3 key-dates of the morphogenetic evolution corresponding to (1) the
abandonment surface of periglacial accumulation glacis at ca. 20,000 cal. BP; (2) the state of the catchment
before dismantling of the periglacial slopes at ca.14,500 cal. BP and; (3) the “Main Postglacial Infilling” (MPI)
abandonment surface prior to

Between 20,000 and 14,500 cal. BP, 36 million m® of sediments were eroded from the hillslopes. This eroded
material was totally exported out of the catchment without intermediate storage. This sediment load did not
accumulate in the Drouzet downstream of the Charanc. This entire volume of sediment was exported much
further downstream to the trunk valleys of the Petit Buéch and Durance Rivers. Between 14,500 cal. BP and the
present, 14 million m?® of sediment were eroded at the expense of the periglacial glacis remnants and the marly
substrate. 73 % (i.e., 10 millions of m3) of the eroded material was stored in fan-shaped MPI deposits. At the
present time, 6 million m? of MPI deposits (46 % of the eroded volume) are still stored in the catchment.

We analyse the spatio-temporal variability of these results in the light of the regional palaeo-environmental and
climatic framework of the Lateglacial to Holocene periods, and compare specific erosion rates to present-day
rates obtained from instrument-based measurements in such highly erodible environments.
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Sediment Fluxes in Karkevagge, Swedish Lapland: A compilation of Previous Studies

DIXON J.
University of Arkansas, FAYETTEVILLE, UNITED STATES

Kéarkevagge is a 5km long glaciated valley located in northern Swedish Lapland at approximately 68° 26’ N
latitude and 18° 18'E longitude. The 30yr Mean annual air temperature from the nearby Katterjakk climate station
is -1.7°C and mean annual precipitation is 844mm. Mean total sediment output from the catchment is in the
vicinity of 0.2-1.2 tkm?d™* (Rehn et al. 1982). There is however considerable spatial variability in sediment
transfer within the valley. In addition, flood and slush events contribute substantially greater amounts of
suspended sediment up to as much as 3.4 tkm?d™. In addition there is considerable variability in suspended
sediment transport within the valley channel systems

Considerable variability in solute flux is observed within the valley. Total solute flux is greatest in the vicinity of
the valley outlet, but within the valley solute flux is greatest at the base of the dam impounding Lake Rissajaure.
Solifluction movements are on average 4cm per year but display considerable spatial variability depending on
available moisture. Mean mass transfer is in the vicinity of 20,000 mt/yr (Ridefelt et al., 2009). Slush avalanches
and slush torrents represent significant contributors to sediment transport in the valley. Slush avalanches display
considerable temporal variability in their magnitude van;/ing from as little as 0.5m°to >300m * Rapp (1960). Slush
torrents may contribute between 10,000 and 20,000 m™ of mass flow (Gude et al., 2000). ey.

Sediment fluxes within Kérkevagge are strongly variable both spatially and temporally. There is some suggestion
that while some processes appear to have changed little since Rapp’s 1960 study other processes have
increased measurably in magnitude.
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How Far was this Sediment Origin? A Granulometry May Tell

MERCIER J.
Universit_ de Strasbourg, STRASBOURG, FRANCE

On hillslope, using the continuity and flow equations, the altitude of a square meter result's from the local mass
balance by unit volume.

This sediment budget obey different geomorphological processes including: production, mobilization, transit,
deposition. Some of the processes involved: distance to the source, time travel, residence time, can be inferred
from the development of sediment particle analysis. In this text, applying geomorphology, physics and
distributions, we use a model that gives a numerical value to characterize sand distribution and a possible
explanation of the physical parameters involved.

The samples are originating from the Vosges Mountains were slopes processes, water balance, microclimatic
studies have been performed for several decades in the Ringelbach watershed.
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Morphodynamics of reservoir banks in the Kama River: "accessory" geomorphic processes

NAZAROV N.N., FROLOVA I.V.
Perm State University National Research, PERM, RUSSIAN FEDERATION

At the Kama River reservoir banks (57 N, 55 E) poorly studied are hydration and physical weathering, suffusion,
piping (tunnel erosion) and wind erosion.

Hydration weathering together with physical weathering and phytogenic destruction promotes removal of mineral
and organic matter independent of any denudation agents. Geomorphic effects of this action are evident from
bared roots of trees and stumps.

Frost weathering produces up to 40-cm deep cracks on sandbanks. Later on frost cracks may widen and obtain
some intricate configurations under action of wind and surf flows.

Location of suffusion sinkholes is predetermined by rock fissuring. They are mostly abundant at edges of river
terraces. Collapses of high banks are being prepared by piping. This process is active inside block slides, scree
and landslide bodies that rest against steep banks. Subsurface erosion tunnels reach 1.5 m in diameter and 3-4
m in length.

Wind erosion acts on river terraces composed of fine and medium sands. If prevailing wind directions are normal
to bank, sand is being thrown from slopes to terrace surfaces and is transported inside by tens of meters from
terrace edge. Observations show that under dry windy weather sand layer removed from terrace slope may
reach 5-7 cm in a 3 day period.

Aeolian microforms or sand cover formed during the spring-summer season on terrace surfaces at a 30-m
distance from the terrace edge are usually 3-5 cm thick (up to 15-25 cm in some years). Traces of redeposited
sand are often found as far as 120-150 m from terrace edges.
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Oral presentations:

Biotic dynamics as a driver of coral reef geomorphology

RIEGL B.(1), PERRY C.(2), SMITHERS S.(3), KENCH P.(4)

(1) Nova Southeastern University, DANIA BEACH, UNITED STATES ; (2) University of Exeter, EXETER,
UNITED KINGDOM ; (3) James Cook University, TOWNSVILLE, AUSTRALIA ; (4) University of Auckland,
AUCKLAND, NEW ZEALAND

Reef-building is a major geomorphic process accomplished by mostly biological processes. It is therefore not
surprising that interference with life-processes of reef-builders should result in visible alterations or even total
switch-off of the framework-building processes. Corals have been key geomorphic agents throughout earth
history, as can be seen from their contribution to framestones, rubble ridges, and unconsolidated sediments in
general. Life-processes of branching corals are generally understood and can be, in combination with findings
from taphonomy and geomorphology, be used to hindcast past dynamics on which forecasts to future dynamics
can be predicated. We use findings from settings under very different environmental control, from typically reef-
building (Great Barrier Reef) to non-reefal (Persian/Arabian Gulf) coral-dominated systems to illustrate how the
generation of morphological structure is controlled by life processes such as reproduction, growth, and predation.
Present-day climate change is poised to disadvantages corals by increasing disturbance frequency, causing
increased rarity of corals or, at the very least, changes in community structure. This has the potential of changing
their sedimentological and geomorphological signhature. Changes in the constribution of different growthforms will
influence the structure of frameworks, depressed coral populations may even result in a transition from
frameworks to coral rudstones to floatstones and the morphology of the sedimentary body may in the end no
longer be biotically controlled. Models and field-results are used to illustrate trajectories.
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Holocene growth of King Reef - the largest mainland fringing reef on Great Barrier Reef, Australia

SMITHERS S.(1), PERRY C.(2), ROCHE R.(3)

(1) James Cook University, TOWNSVILLE, AUSTRALIA ; (2) College of Life and Environmental Sciences
University of Exeter, EXETER, UNITED KINGDOM ; (3) School of Ocean Sciences, Bangor University,
BANGOR, UNITED KINGDOM

The Great Barrier Reef is the world’s largest reef system, containing more than 2900 named reefs, approximately
one third of which are classified as fringing reefs (incipient and proper). The great majority of these fringing reefs
are attached to high islands located in the GBR lagoon, with relatively few adjoining the mainland coast.
Sediment and freshwater discharge from coastal catchments have been implicated as factors responsible for this
paucity, impeding coral and fringing reef growth along large sections of the coast, including a stretch extending
over almost 300 km between the northern Whitsundays and King Reef (17°46'50"S; 146°07°'43"E) where fringing
reefs are absent. Limited availability of hard rocky headlands to provide appropriate substrate for coral
recruitment has also been suggested as a major constraint, with mainland fringing reefs most common on the
Whitsunday coast between Cape Conway and Gloucester Island, where strong geological control has produced
deep embayments confined by steep headlands. Covering an area of 8 km?, King Reef is the largest mainland
attached reef on the GBR. It is located adjacent to the Wet Tropics where proximal rivers seasonally deliver
significant quantities of sediment and water to the coast. Here we report on research aimed at establishing the
Holocene evolution of King Reef based on 14 cores from 2 transects and involving 26 AMS radiocarbon dates.
Chrono-stratigraphic investigations indicate that King Reef initiated in shallow water over a surprising variety of
substrates between 5800 and 5400 cal years BP and was substantially in place by around 400 cal years BP.
Although a reasonably healthy reef community exists at the seaward fringe of King Reef today, reef structure has
essentially ceased to increase in size over the past few thousand years. In this paper we discuss how the
initiation substrates, age and structure of King Reef may challenge common views of reef distribution and growth.
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Discovery of submerged karst terrain in modern reef area by broadband multibeam bathymetric survey in
the southern Ryukyu Islands, Japan

KAN H.(1), URATA K.(2), NAGAO M.(3), HORI N.(4), OHASHI T.(1), NAKASHIMA Y.(5), GOTO K.(6),
YOKOYAMA Y.(7), SUZUKI A.(3)

(1) Okayama University, OKAYAMA, JAPAN ; (2) Osaka University of Economics and Law, OSAKA, JAPAN ; (3)
National Institute of Advanced Industrial Science and Technology (AIST), TSUKUBA, JAPAN ; (4) Nara
University, NARA, JAPAN ; (5) Ariake National College of Technology, OMUTA, JAPAN ; (6) Tohoku University,
SENDAI, JAPAN ; (7) University of Tokyo (AORI), KASHIWA, JAPAN

The extensive development of various types of karst was founded under the modern reef environment in the
southern Ryukyu Islands. We conducted a broadband multibeam survey at the central area of Nagura Bay,
Ishigaki Island in August 2011. The minimum/maximum depth was 1.6/58.5m in the measured area of 1.85 x 2.7
km. The sounding results were visualized at a lateral grid resolution of 1m.

The observed submarine topography showed the numerous closed contours which is recognized as karst, the
topography formed by groundwater flow. The following five karst types were recognized in the surveyed area: 1)
doline karst, 2) compound doline (uvala) or mega-doline, 3) cockpit karst, 4) polygonal karst, 5) fluviokarst. These
types may reflect the difference of karstification process and stage. SCUBA diving observations suggested the
Holocene reef and reef sediments are accumulated on the submerged karst to form “cover karst” in Nagura Bay.
The small-scale karst landform such as karren may buried during the reef sedimentation.

By comparing with the sounding results observed from other reef areas around Ishigaki Island, the shape and
size of topographic relief was different between submerged karst and coral reef. The reef environment
established on the submerged karst was also unique from other fringing reefs and a barrier reef around Ishigaki
Island because of the difference in topographic relief, water movement, sedimentary condition and presumably
freshwater influence.
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Calcium carbonate budget of a Maldivian reef platform

MORGAN K., KENCH P.
The University of Auckland, AUCKLAND, NEW ZEALAND

Coral reefs represent the end product of a suite of constructive and destructive ecological processes. Such
processes occur at an individual organism scale; however, the collective balance between them dictates the
abundance and distribution of reef organisms, net rates of reef accretion and the generation of detrital sediments
for entire reef systems. A calcium carbonate budget provides a conceptual framework for quantifying the
contribution of different calcareous organisms in the reef-building potential of an individual reef. This study uses a
census-based method to estimate rates of gross carbonate production and biological erosion for Vabbinfaru reef
platform, North Malé Atoll, Maldives. The study aims to generate new field-based datasets for the central Indian
Ocean region and to extend the geographic range of existing budget studies. Gross carbonate production of
primary (hermatypic corals) and secondary (encrusting organisms) producers were determined by estimating the
benthic cover and abundance of reef organisms, coupled with in situ rates of skeletal calcification. Site-specific
rates at which organisms (parrotfish, urchins and boring organisms) erode the reef framework were then
quantified and subtracted from gross production values to generate an annual rate of net carbonate production
(kg m* y'l). Results from Vabbinfaru are compared to existing budget studies for other reef-building provinces
and the implications of the findings are discussed in relation to the ecological state and the geomorphic
development of the reef.
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Hydrodynamic process controls on reef platform sedimentation and island formation

MANDLIER P., KENCH P.
The University of Auckland, AUCKLAND, NEW ZEALAND

Coral reef islands are accumulations of unconsolidated sand and gravel deposited on reef platform surfaces by
ocean waves and currents. The morphological characteristics and stability of islands is controlled by
hydrodynamic processes operating on reef surfaces which in turn are largely defined by the interactions of waves
with the underlying platform structure. Reef shape and orientation to incident waves are crucial parameters
controlling refraction and convergence processes and hence the potential for sediment accumulation and island
formation. Platform geometries which promote marked wave refraction and centripetal wave motion are likely to
retain sediment on the reef surface and accumulate a sandy cay. In contrast, reef configurations which impede
wave convergence exhibit a higher potential for the off-reef evacuation of reef flat sediments and the formation of
subtidal leeward sand aprons. This study presents results of wave measurements, bathymetric surveys and
analysis of sediments collected from multiple lagoonal patch reefs in the Maldives which corroborate such
projections and provide field evidence for a geomorphic model of reef sedimentation and island formation.
Analysis of wave and current data demonstrates that platforms exhibit distinctive hydrodynamic process
signatures, related to reef configuration, which control the dispersal and characteristics of sediment on the reef
flat. Sediment collected from windward interference zones of elliptical reefs exhibit a coarser texture and faster
settling properties than surface samples obtained from leeward reef regions and island beaches. Such spatial
variations in sediment texture are attributed to across reef wave energy gradients which control the potential to
entrain and transfer material of different size and shape. Results validate theoretical projections of hydrodynamic
process controls on platform sedimentation and have significant implications for the morphological development
of reef flat deposits.
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Infill of Faro Lagoons: Size Thresholds and Controls on Island Formation in the Maldives

KENCH P.(1), PERRY C.(2), SMITHERS S.(3), YAMANO H.(4), OLEARY M.(5)

(1) The University of Auckland, AUCKLAND, NEW ZEALAND ; (2) University of Exeter, EXETER, UNITED
KINGDOM ; (3) James Cook University, TOWNSVILLE, AUSTRALIA ; (4) National Institute for Enivionmental
Studies, TSUKUBA, JAPAN ; (5) Curtin University, PERTH, AUSTRALIA

Faro are annular-shaped reefs that impound lagoons, located within the larger lagoon basin of atolls and are
conspicuous yet enigmatic features of Maldivian reef systems. While more than 1,000 faro occur in the Maldives,
in varying stages of infill with some remaining largely empty while others are completely filled and capped by
islands,the formation and Holocene development of these features remain unresolved. However, faro infill in the
late Holocene has been implicated as critical for development of islands within atoll lagoons in the Maldives. Little
is known of the rates of infill and timing of infill of faro that may support island formation. Clearly resolution of the
timing of faro infill and onset of island building is critical for an improved understanding of the controls on island
development and future island building potential. We present a dataset of the latter stages of faro infill and island
formation from 7 lagoonal reef platforms in South Maalhosmadulu atoll, Maldives, based on morphostratigraphic
analysis of 45 cores. A chronological framework of faro infill and island development is constructed from 90
radiometric dates. Results show a consistent multi-phase sedimentary infill sequence in each faro that terminates
in Halimeda-rich sediments. Results also identify three apparent size thresholds of morphological development of
faro, which have distinct chronological signatures and are related to island building potential. First, platforms <0.5
km?® are typically filled by 5,500 years BP and have supported island accumulation between 5,000 and 3,500
years BP. Second, platforms 0.5-1.25 km? are in the final stages of infill and have ephemeral unvegetated sand
cays. These platforms may provide opportunities for further island accumulation under suitable sediment supply
regimes. Third, platforms >1.25 km? have not filled and given the dimensions of these faro, they are unlikely to fill
over the next millennia.
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Morphological response of reef island on rocas atoll (South Atlantic Ocean) to Seasonal energetic wave
conditions

COSTA M.(1), MACEDO E.(2), SIEGLE E.(1)

(1) Universidade de Sao Paulo, SAO PAULO, BRAZIL ; (2) Instituto Chico Mendes de Conservagdo da
Biodiversidade, FERNANDO DE NORONHA, BRAZIL

Reef islands on Rocas Atoll, the only atoll in the South Atlantic Ocean, are located at its leeward side, being
protected from waves most part of the year but subjected to the impact of energetic swells from the north from
November to February. With the aim of assessing the morphological evolution related to the incoming waves, in
situ measurements were conducted in November 2012, covering a series of energetic wave conditions. Waves
were measured by an ADCP (Nortek Aquadopp profiler) deployed at 1.2 km distance from the reef island and 0.9
km from the reef rim during 28 days. Simultaneously, the morphology of the entire reef island was surveyed with
the use of a Differential Global Positioning System (DGPS). High energy waves with peak periods of about 13 s
and significant wave heights of 2 m presented a weekly recurrence followed by a gradual decay. Morphological
surveys show that the northwestern side of the island, which has been historically eroded, undergoes larger
morphological changes. However, in contrast, there was an increase in volume on the beach island. The
tridimensional terrain elevation models clearly show the removal of submerged banks dispersed on the reef rim
and their deposition over the beach. This is thought to be due to the intense wave set-up generated by waves
breaking on the leeward reef edge, moving the sediments in the opposite direction to that of the overall gravity-
driven outflow. The results suggest that the sediment redistribution by seasonal northern swells contribute to
sediment accretion on the reef island, thereby reducing the long-term erosion of this portion of the island.
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A sediment budget for Lizard Island, northern Great Barrier Reef

JAVIER L.(1), WOODROFFE C.(2), PHINN S.(1), HAMYLTON S.(2)

(1) The University of Queensland, ST. LUCIA, AUSTRALIA ; (2) The University of Wollongong, WOLLONGONG,
AUSTRALIA

The gloomy long-term prospect for coral reefs and associated landforms could be attributed to the fact that many
of these reef systems, particularly fringing reefs, have experienced little to no growth since the early Holocene
and now face multiple and interacting pressures arising from the ‘super wicked problem’ of global climate
change. However, current understanding of the feedbacks between ecosystems and landform evolution in a
changing climate context is very limited. The study of sediment generation and transport within reef systems is
fundamental for understanding processes acting upon reef systems at temporal scales ranging from ecological
processes to the evolution of associated landforms. However, there are significant gaps in the scientific
understanding of sediment dynamics within coral reef systems. The calculation of a sediment budget by
determining volumetric rates of sediment generation, transport and loss is an approach that may enable some
reconciliation of the behaviour of a coral reef system at different time scales. In this paper we apply this approach
to Lizard Island, a small fringing reef system in the northern Great Barrier Reef (GBR). Lizard Island is unique in
the GBR as siliciclastic and carbonate sediments are being co-deposited in close proximity. In addition, the reef
system has been isolated from large-scale human activities, providing a great opportunity to investigate sediment
dynamics. The aim of this study is to compare the historical and contemporary sediment budgets of the mixed
siliciclastic-carbonate coastal system in Lizard Island. The catchment evolution model SIBERIA was used to
calculate the rate of sediment production on the island. Carbonate production was upscaled using benthic cover
maps and published production rates. The resultant sediment budget was used to better understand the
processes driving the geomorphic evolution of this system and provided insights into potential changes under
future climate scenarios.
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Atoll Island Geomorphology and Stability: Nukulaelae Atoll, Tuvalu, Central Pacific

MCLEAN R.
University of New South Wales-Canberra, CANBERRA ACT, AUSTRALIA

Nukulaelae is an elongate oval shaped atoll aligned NW-SE, 11 km and 3.3 km wide at it narrowest. It is the
smallest atoll in Tuvalu. Nukulaelae has a continuous rim with no passages from ocean to lagoon; the reef rim is
typically 400 m wide along the eastern and western sides and 600 m at the northern and southern ends. Twenty
separate islets occupy a total of 18% of the reef flat rim (1190 ha). On the eastern side are two narrow islets both
about 5 km long and 150 m wide. The remaining islets on the north and south are compact, of various shapes,
sizes, are oriented orthogonal to the reef and are located on lagoon side of the reef flat. There are no islets on
the western side of the atoll.

Twelve cross-islet profiles were surveyed on the five largest islets. Four main landform units were distinguished:
(1) ocean-side ridge complex comprising the highest ridge (s) commonly of coral rubble; (2) lagoon-side berm
complex is lower, backslope gentler and sediment sand-sized with foraminifera an important component; (3)
central depression occupies the low area between ocean ridge(s) and lagoon berm (s); and, (4) pulaka pit-spoil
bank complex comprises excavated depressions (pits) and surrounding ridges (spoil banks). These
anthropogenic landforms have the highest relative relief on Nukulaelae.

Around the islets shorelines consist of reef derived sand and gravel and consolidated rock platforms.
Unconsolidated shores display erosional features and accretional deposits. Minimal changes in islet shorelines
have occurred during the last 30 years. All islands present in 1976 exist today. The plan outline and surface
topography of the mainislet, Fangaua, in the northwest, is similar to that surveyed in 1897, during the Royal
Society’s Expedition to Funafuti atoll, 130 km north of Nukulaelae. The location of islands and their plan form and
morphology are described and long-term stability discussed.

*kkkkkkkkk

Poster presentations:

Quantifying the impacts of regional scale reef ecosystem decline on the geomorphic performance and
growth potential of Caribbean coral reefs

PERRY C.(1), MURPHY G.(1), KENCH P.(2), SMITHERS S.(3), EDINGER E.(4), STENECK R.(5), MUMBY
P.(6)

(1) University of Exeter, EXETER, UNITED KINGDOM ; (2) Univeristy of Auckland, AUCKLAND, NEW
ZEALAND ; (3) James Cook University, TOWNSVILLE, AUSTRALIA ; (4) Memorial University, ST JOHNS,
CANADA ; (5) University of Maine, MAINE, UNITED STATES ; (6) University of Queensland, BRISBANE,
AUSTRALIA

Global-scale deteriorations in coral reef health have caused major shifts in species composition and are likely to
be exacerbated by climate change. It has been suggested that one effect of these observed and projected
ecological changes will be lower carbonate production rates on coral reefs, which will impair reef growth
potential, compromise their ecosystem functions, and ultimately lead to states of net reef erosion. However,
quantitative data to support such assertions are limited, and linkages between the ecological state of reefs and
their past and present geomorphic performance (in other words their growth potential) are unresolved. Here we
show that ecological change across the Caribbean has suppressed carbonate production rates and significantly
slowed coral reef accretion. Using measures of gross and net carbonate production and erosion from 19
Caribbean reefs, we show that contemporary carbonate production rates are now substantially below those
calculated for pre-disturbance and ‘healthy’ Caribbean reefs. On average, current production rates are less than
50% of pre-disturbance rates, and 37% of surveyed sites were net erosional. Calculated accretion rates (mm yr™)
are also an order of magnitude lower within shallow water habitats compared to Holocene averages. A live coral
cover threshold of around 10% is identified that is critical to maintaining positive production states. Below this
ecological threshold many carbonate budgets become net negative and reef accretion stalls. Collectively, these
data suggest that recent ecological declines are now propagating through the system to impact on the
geomorphic performance of Caribbean reefs and will impair their future growth potential. Caribbean reefs thus
have vastly reduced capacity to keep up with rising sea levels, and those ecosystem functions most dependent
on reef structures are imminently threatened.
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Precise timing and elevation of the mid-Holocene highstand at Belitung Island, Indonesia, on the Sunda
Shelf, from coral microatolls

SWITZER A.(1), MELTZNER AJ.(1), WU C.C.(2), CHIANG H.W.(1), SHEN C.C.(2), GONG S.Y.(3),
SUWARGADI B.W.(4), NATAWIDJAJA D.H.(4), HORTON B.P.(5)

(1) Earth Observatory of Singapore, SINGAPORE, SINGAPORE ; (2) Department of Geosciences, National
Taiwan University, TAIPEI, TAIWAN ; (3) Department of Geology, National Museum of Natural Science,
TAICHUNG, TAIWAN ; (4) Research Center for Geotechnology, Indonesian Institute of Sciences, BANDUNG,
INDONESIA ; (5) Department of Earth and Environmental Science, University of Pennsylvania, PHILADELPHIA,
UNITED STATES

The largest relative sea-level (RSL) signal is found in once glaciated (near-field) regions where ice loading
produced considerable deformation of the Earth. At increasing distance from the centers of major glaciation, the
ice-induced component of the signal diminishes and the eustatic (or meltwater) signal becomes dominant. At
tectonically stable far-field locations, such as the Sunda Shelf, the RSL signal is commonly characterized by a
mid-Holocene sea-level maximum, or highstand, at the time meltwater production decreased. The fall in RSL
from this time to the present is a result of ongoing glacial isostatic adjustment (GIA) processes, including
hydroisostatic loading (continental levering). Despite advances in understanding sea-level history in the far field,
research near the Sunda Shelf has lagged, and the magnitude and timing of the mid-Holocene highstand in this
region remain unresolved.

We present a preliminary mid-Holocene sea-level record from Belitung Island, Indonesia, on the Sunda Shelf,
based primarily on coral microatolls. Microatolls’ upward growth is limited by aerial exposure and hence they
track low water to within a few cm, providing a high resolution record of former sea level. We slabbed 16
microatolls (each yielding a series of sea-level index points) and slabbed or cored 14 additional coral heads
(each yielding a minimum sea-level marker). Preliminary U-Th and 14C dates suggest sea level rose rapidly to a
highstand of +1.8 m at ~6.9 ka and then fell more gradually; we are working to determine appropriate initial
230Th/232Th ratios for the U-Th age calculation and appropriate AR corrections for 14C dating.

Although the basic form of our sea-level record is comparable to state-of-the-art GIA models, important
differences emerge regarding both the timing and amplitude of the mid-Holocene highstand and the fall in RSL to
present. Our data will be critical to calibrating GIA models and will allow for an improved understanding of
eustatic history.
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Oral presentations:

The influence of inter-tidal shore platforms on soft cliff recession rates and headland formation on the
southwest coast of the Isle of Wight

STUIVER C., NICHOLLS R.J., RICHARDS D., BARTON M.
University of Southampton, SOUTHAMPTON, UNITED KINGDOM

Management of soft cliff recession is one of the major global challenges of the 21st Century. Due to the high cost
of coastal defences and the conservation and amenity value placed on natural coastlines, managed retreat is
expected to become increasingly common in the future. To accurately predict future rates and patterns of erosion
required for managed retreat it is important to understand the factors controlling recession.

On the open coast it is the exposure of the cliff toe combined with its strength that is critical in controlling
recession rates. Exposure of the cliff toe is in turn controlled by the presence and character of a beach and/or
shore platform. Variations in the exposure of the cliff toe alongshore can result in the formation of subtle
headlands. This study on the southwest coast of the Isle of Wight considers the geological and geotechnical
properties of the cliff and platform, the beach morphology and sediment budget and the refraction of wave energy
along the coast, as controls on headland formation. The shallow dip of the geology and stratigraphic variation
means that the lithology of the cliff is not always reflected in the platform. This shows platform lithology is the
dominant control over headland formation and evolution. Characterisation of the platform lithology and
geotechnical strength is a major focus of this study; to determine the factors which lead to the creation and
maintenance of an intertidal platform in one lithology but not another.

This study highlights the importance of considering the detailed variations in geology when investigating cliff
recession on sediment starved coastlines. For example one headland within the study area owes its existence to
a shore platform created by two beds no more than 1m thick. Furthermore, changes in geological exposure with
continued retreat or changes in the lithology outcropping in the intertidal zone with sea level rise can influence
the subsequent coastal evolution.
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Alongshore variations in hard rock coastal cliff erosion

NORMAN E., ROSSER N., BRAIN M., PETLEY D., WAUGH S.
Durham University, DURHAM, UNITED KINGDOM

Characterising the degree to which the planform geometry of hard rock coastlines reflects the distribution and
variability of erosive intensity is key for understanding likely future coastline change. However, understanding of
the controls and patterns of erosion along rocky coastlines is limited as few studies have focussed on hard rock
cliffs. Apparently slow responses to environmental forcing, difficulties in capturing the rate of erosion and the
multitude of forcing variables over a variety of spatial and temporal scales have limited the characterisation of cliff
change and the dominant controls at the kilometre scale. Terrestrial laser scanning (TLS) has overcome many of
these limitations, and is used here to enable continuous monitoring coverage at a high spatial resolution along 3
km of crenulous coastline.

We use TLS to explore the spatial development of cliff face erosion along a 3 km stretch of near vertical rock
cliffs along the North York Moors National Park coast, UK. The cliffs are approximately 70 m high, consisting of
near-horizontally bedded layers of Jurassic mudstones (at the cliff toe), shales, siltstones and sandstones. Data
is presented from one year captured at monthly intervals, from which erosion is compared to the planform
geometry of the coast obtained from airborne LIDAR. We explore variability in erosion depths, rockfall
magnitudes and frequencies, and the vertical distribution of rockfall up-cliff. We test the effects of varying cliff-line
concavity, convexity and aspect with respect to incoming marine and subaerial processes and rock mass
structure. In future this data will be used to inform a model of coastline retreat that includes a planform
component.
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Pluri-decadal evolution of cretaceaous coastal cliffs alonf the eastern English Channel in Upper-
Normandy (NW France), as evidenced by aerial photographs and Lidar

ELINEAU S.(1), DUPERRET A.(2), MERRIEN-SOUKATCHOFF V.(3)

(1) UMR 6294 CNRS LOMC, Université du Havre, Laboratoire Ondes et Milieux Complexes, 53 rue de Prony
BP540, LE HAVRE, FRANCE ; (2) UMR 6538 CNRS Domaines Océaniques, Institut Universitaire Européen de
la Mer, place Nicolas Copernic, PLOUZANE, FRANCE ; (3) UMR Géoressource, Ecole des Mines de Nancy,
Université de Lorraine, Parc de Saurupt, CS 14234, NANCY, FRANCE

The Upper-Normandy coastline is made of high (95m) coastal cliffs cut in sedimentary rocks. Successive,
transverse-oriented to the coast, topographic cross-sections spaced 500 m apart were extracted from high-
resolution LIDAR aerial surveys performed in 2006, 2008 and 2011 north of Le Havre town, between the La Heve
and Antifer capes. They show three main slope breaks, that have been mapped, using georeferenced aerial
photographs (taken in 1939 and 1985) and orthophotographs (2008 and 2011).

Mapping shows that the cliff toe has a general accretion with a progressive increase to the north. Four spatial
sectors can be defined from the La Héve Cape to the north with respective accretions (1) up to 0.50 m/year on a
distance of 1 km, (2) a mean of 0.40 m/year on 2 km, (3) 1 m/year on 5 km and (4) 2 m/year on 3.5 km with local
peaks at 2.7 m/year.

In parallel, the mid-slope break and the top cliff show deformations associated with a rotational sliding of the
entire cliff. Such gravitational deformation has been confirmed by 2D Finite Elements models of the cliff.
Nevertheless, the cliff toe evolution is four times more important than the mid-slope break and the cliff top
evolutions. This could be related to the Antifer harbor amenities built in 1973 at north of the studied area which
favors sedimentary accumulation guided by a littoral drift.

The total volume of the slope wedge is around 38 millions of m®on 16.5 km of coastline length. Some
sedimentary lobes of the slope wedge, reaching the actual sea level (corresponding to 5% of the study coastline
length), are eroded by the sea during high spring tides.

We have tested the potential effect of a sea-level rise on the coastal slope instability. A potential surge of 2 m is
already observed at Le Havre. If the surge (due to a tempest) is concomitant with a spring high tide, this may
amplify the erosion of the wedge toe and extends the contact between the sea and the land from 5% to 65% of
the studied coastline.
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Fall of coastal chalk cliffs in Upper Normandy: Towards the determination of triggering factors

LETORTU P.(1), COSTA S.(1), CADOR J.M.(1), CANTAT O.(1), MAQUAIRE O.(1), BONNET E.(2)
(1) UMR LETG-Caen GEOPHEN, CAEN, FRANCE ; (2) UMR IDEES-Caen, CAEN, FRANCE

Coastal chalk cliffs in Upper Normandy have often been studied in terms of retreat rate. However, few studies
have been done on factors and processes leading to fall. It is admitted that coastal cliffs are sensitive to sub-
aerial weathering factors (rainfall, temperatures) and to sea action that may be summed up to the evacuation of
fallen debris leading to a new instability.

The aim of this work is to attempt to make a distinction between sub-aerial weathering and marine agents in the
trigger of fall from these coastal cliffs with shore platform, composed of Upper Cretaceous chalk.

A weekly inventory of 331 falls (from 1 m? to 238 000 m3) that occurred along a 37.5 km long coast (between
Veules-les-Roses and Le Tréport) during the 2002-2009 period was analyzed. Statistical analyses were used in
order to attempt to relate these fallen debris to meteorological and marine parameters that could be potentially
responsible for the trigger of fall.

Our results highlighted:

1) A spatial polarization of scree phenomena or mass movements at Cap d'Ailly (favorable lithostratigraphic
context),

2) Falls occurred all year long with a predominance during winter for massive falls (followed by autumn, spring
and summer),

3) Most massive falls seemed preferentially triggered by heavy rainfall, and freeze/thaw cycles seemed
responsible for scree production phenomena (individual particles),

4) Marine factors were not negligible but their influence is always difficult to quantify as falls of small volumes
may quickly be removed during a turbulent period,

5) The fitting of falls samples to power law provided frequencies and return periods of events, useful for
predictive purposes. A strong spatial variability due to lithological characteristics of chalk outcrops was noticed.
Despite this important inventory, some difficulties remained in quantifying the proportion of marine and sub-aerial
weathering processes (problems of combination or relay of processes and probably hysteresis phenomena).
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Analyzing the spatial structure of sea cliff instabilities through repeated high resolution terrestrial laser
scanning surveys and point processes statistics

ROHMER J., DEWEZT.

BRGM, ORLEANS, FRANCE

On rocky coasts, slope failures are spatially discontinuous and temporally intermittent. Many studies have
addressed frequency-size statistics by means of collapse scar inventories, but only a few have addressed their
spatial distribution. Yet, spatial patterns carry information about the external processes and the predisposing
factors underlying sea-cliff retreat.

Over the last decade, terrestrial laser scanning (TLS) has enabled high accuracy surveys of collapse sizes and
locations, which opens the way for addressing sea-cliff instabilities within the theoretical statistical background of
“spatial point process”.

We use an inventory of >8500 sea cliff failures collated from 6 repeated TLS surveys over 2.5yr along a coastal
chalk cliff in Normandy (France). We first show, through the analysis of residuals, that the spatial process
underlying the occurrence of instabilities is inhomogeneous, which means that the spatial density (number of
events per unit area) spatially varies along the coastline and along the cliff height.

Based on the computation of the inhomogeneous second-order spatial characteristics (e.g., Ripley’s K- function)
and Monte-Carlo tests, we highlight several trends:

1. Small instabilities (volume <1072 m3) cluster in patches over a spatial radius of less than 5-10m, and disperse
above this distance;

2. Larger instabilities present a regular spatial pattern whatever the distance between events;

3. Assuming that a unique process both generates small and large instabilities, we show that the probability of
occurrence of a given event, whether “small” or “large”, is not influenced by its neighbourhoods;

4. Conversely, assuming that two distinct processes generate small and large events, we show that they are not
independent (for a given epoch);

5. The occurrence of small instabilities seems not to be influenced by past events, but a temporal dependence
may exist for larger instabilities.
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A new approach to coastal cliff landslide hazard assessment

DICKSON M.
University of Auckland, AUCKLAND, NEW ZEALAND

Worldwide coastal cliff-top land is highly prized for residential building sites. However, cliff erosion rates are
accelerating under sea level rise and arresting erosion is both extremely expensive and temporary. In Auckland,
New Zealand, urban development has proceeded at a rate nearly double the national average, and much of this
has occurred atop cliffs made of weak sedimentary rock. Hazard planning in New Zealand has historically used
heuristic models that yield a setback zone of restricted development. Such models have little predictive power
and do not account for spatial variability in erosion rates. However, spatial variability is important: many
sedimentary cliffs have slow ‘background’ erosion rates, whereas sudden episodic failure can remove several
metres of cliff top in a single event. In this paper we take a different approach to the coastal landsliding problem.
The first phase of work involved extensive mapping (field, air photos and LiDAR) along 45 km of coast. Landslide
locations were identified and failure characteristics and geological attributes of the cliff were mapped. In tandem,
mapping was also conducted on a regular grid at locations without failure, resulting in a large database of failed
and unfailed sites, fault locations and other environment characteristics. A machine-learning method was used to
identify the key characteristics of sites that had experienced landsliding over the period covered in our database.
Three predictors were found to account for more than 80% of the relative influence. A resampling method was
used to build probabilistic estimates of landslide likelihood at each sample point, which were then interpolated to
produce region-wide maps showing landsliding susceptibility as well as the uncertainty in estimates at each
location. The approach was cost-effective compared to previous hazard zone work, and provides a basis for a
different type of hazard zonation on cliffed coasts subject to episodic failure.
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Application of GNU Octave tools to analyse the shape of a rocky shoreline - an example from Hornsund
area (SW Spitsbergen, Svalbard)

SWIRAD Z.(1), REES W.G.(2)
(1) University of Wroclaw, WROCLAW, POLAND ; (2) Scott Polar Research Institute, CAMBRIDGE, UNITED
KINGDOM

In order to assess spatial differentiation in the shape of a shoreline objectively, it is crucial to accurately measure
geomorphometric parameters of the coastline. GNU Octave free software can be helpful in geometrical
calculations of the shoreline.

The shoreline is presented as a set of vectorized points along its course. Vectorization was performed on the
orthophotomap. The length of the shoreline is the sum of sections between all the points. Having divided the
result by the number of points, the average distance between two points is returned and reasonable distance for
interpolation may be chosen. The shoreline is consequently divided into equal sections.

Headlands are defined as the points at which the angle between two consecutive vectors is bigger than at next
four points on either side of them. After headlands are defined, orientation, width, depth and mean depth of
embayments (areas between each pair of headlands) may be calculated.

The method has been applied to the 17 km long stretch of coastline of Hornsund, south-west Spitsbergen,
located on the border of the fiord and open sea. The fragment of the coast is composed by metamorphic rocks:
amphibolites, quartzites, schists, marbles and paragneisses.

GNU Octave proposed 16 headlands which were the basis of the analysis focused on intervening embayments.
The analysis shows that the deepest embayments face west and south-west (towards open sea), but they also
occur in places where structure and lithology are complex. Paragneisses support wide but shallow embayments,
whereas most headlands are formed of quartzites. Further within the fiord embayments are carved in the series
of schists and marbles and these are deep but narrow.

Since it is reasonable to assume that the shape of an embayment reflects both wave energy and structural
control, further analysis will be aimed at identification of controlling factors and their relative influence on the
shape of the north Hornsund coastline.
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A feedback model relates rocky coast erosion to percolation theory, a new perspective on the statistics of
erosion events

SAPOVAL B.(1), BALDASSARRI A.(2)

(1) Ecole Polytechnique-CNRS, PALAISEAU, FRANCE ; (2) Institute for Complex Systems-La Sapienza, ROMA,
ITALY

Rocky coasts represents around 75% of the world’s shorelines (R. A. Davis, Jr, D. M. Fitzgerald, Beaches and
Coasts, Blackwell, Oxford 2004) and their dynamics is erratic, featuring numerous small and sometimes dramatic
events. We discuss various situations where the coast shape can possibly be attributed to the feedback of the
coast morphology on the erosive power. As erosion can spontaneously create irregular seashores, the
geometrical irregularity in turn participates to the damping of sea-waves, decreasing the average erosive power.
There may then exist a self-stabilization of the coast morphology.

A simple numerical implementation of such stabilization leads, through a complex avalanche dynamics, to the
appearance of an irregular sea-shore. The coast shape depends on the coupling between morphology and
damping and on spatial correlations in the rocks lithologic properties. When the distributions of the lithologies
exhibit long range spatial correlations, a variety of morphologies are obtained mimicking observed coastline
complexity. When rock lithologies are uncorrelated and for weak coupling, the process builds fractal sea-coasts
with a dimension equal to 4/3, characteristic of percolation interfaces (B. Sapoval, A. Baldassarri, A. Gabirielli,
Self-stabilized Fractality of Sea-coasts through Erosion, Phys. Rev. Lett. 93, 098501 (2004)).

On the other hand, the statistics of erosion events display long tail distributions that does not enter the category
of Gaussian process, but rather that of critical systems.Our model provides a natural frame to explain these
statistics. From a practical point of view, the analogy with percolation interfaces means that the coast constitutes
a strong, but simultaneously locally fragile barrier. Accordingly, natural or human degradation of the rocks
properties can trigger random and large erosion events, difficult to predict and control. In that sense, natural
coasts should be "preserved” and managed with care.
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Set up and evolution of cliff-top storm deposits on the western coast of Banneg island in the Moléne
archipelago, Brittany, France

FICHAUT B., SUANEZ S.
Université de Bretagne Occidentale, PLOUZANE, FRANCE

More than 1000 m*® of loose blocks quarried from the cliff face and top lie at the rear of the top of the western
cliffs of Banneg island. These cliff-top storm deposits can locally form a spread of isolated blocks, however they
more often form clusters or ridges at altitudes between 7 and 14 m above sea level and up to 75 m from the edge
of the cliff. Locally these ridges are deposited in several parallel lines, up to three in the central part of the island.
In the past twenty years these deposits have been drastically re-worked and new blocks have been quarried from
the cliffs during two storms in december 1989 and march 2008. Four methods were used to analyze the changes
that occured during these events. Analysis of the hydrodynamic conditions and of the extreme water levels,
census of the fresh sockets of quarrying in the bedrock, measurement of blocks displacement and time-series
analysis of ground photographs were conducted. They enabled to determine that most of the clasts come from
the cliff-top and the wave scoured platform immediately on the rear. They also show that where parallel ridges
exist, the ones standing right next to the cliff edge have been hardly reworked whereas on the ones lying inland
considerable changes occured. Therefore it is possible to propose a spatio-temporal model of clusters formation
and to explain the occuring of parallel ridges. The most seaward rigdes are erected first. Concomittant erosion
and lowering of the cliff-top enable waves to become airborn and to throw clasts above the front ridge, eventually
without reworking it. These blocks form a second ridge inland and eventually a third one possibly linked to the
rebound of the mass of water coming from the largest waves.
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Geomorphic hazard along southern Abruzzo coast (central Italy)

MARINO A., CIUCCI M.
INAIL/DIPIA, ROMA, ITALY

The area object of this research is the coastal are between Ortona and Vasto (southern Abruzzo) where are
located several coastal cliffs. The main reason for this choice is constituted by the significant typological
variability of existing processes. The most part of the coast is actually affected by landslides not necessarily
coincident with active cliffs.

The results obtained from stability analysis and the assessment of retrogradation rates allowed to underline
same basic features in morpho-evolutive process of cliffs in the studied area.

In studied cliffs kinematics resulted significant following factors:

Morpho-evolutive stage: in active cliffs erosive processes at the bottom imply steep slopes where instability
events mostly develop as toppling or translational slipping along new sub-vertical surfaces; affected volumes are
relatively small but the event can be in principle characterised by high frequence.

Waves: further than directly induced erosive processes, results to be significant the wave pressure on cliffs; this
tends to modify failure kinematics, causing translational slipping on sub-vertical surfaces, and reducing, at the
same time available strength.

Litho-structural features: the kind of kinematics at failure result to be strictly depending both on directly interested
by waves lithotype, and on stratigraphic position of different lithotypes related to sea level. Indeed translational
plane kinematics appear to be prevailing when stronger lithologies are affected. Whereas rotational kinematics
characterise cliffs where clay outcrops at, or just beneath, sea level. In these conditions unstable volumes are
larger and the average retrogradation rates are higher; anyway it must be considered that if the frequency of
these instabilities does not allow the displacement of landslide mass by marine action the cliff became inactive
and the instabilities should be located in stronger materials.
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Geomorphological evidence of extreme wave events in the Maltese Islands

MOTTERSHEAD D., BRAY M., FARRES P., SOAR P.
University of Portsmouth, PORTSMOUTH, UNITED KINGDOM

The Maltese islands occupy a pivotal site in the central Mediterranean Sea, around the margins of which are
abundant examples of extreme wave deposits, and thus offer a unique location for testing extreme wave effects
in an open sea location. Malta is situated in a moderate sea wave environment in an historic tsunamigenic
region. Unlike the Caribbean and Pacific, the Mediterranean does not suffer the confounding factors of tropical
cyclones nor, unlike the Atlantic Ocean, storm waves of oceanic magnitude.

Maltese coastlines present topographies ranging from high cliffs, through coastal bedrock slopes and platforms
to small coastal valleys, offering a range of potential responses to extreme wave attack. We present an extensive
range of both erosional and depositional evidence of extreme wave activity and, in particular, a sensitive
relationship between relief and the elevation and distribution of the evidence recorded.

The coasts bearing extreme wave evidence face NE, which is not the aspect of maximum fetch or wind
velocities. This aspect is also consistent with the orientation of imbricated boulders. Boulder deposits extend up
to >22 m asl, with many boulders exceeding the capacity of current storm waves to move them (Nott 2003). Shell
encrusted boulders, derived from below sea level are found up to 6 m asl, apparently consistent with
tsunamigenic deposits.

Lithological and morphological evidence show that bedrock erosion has occurred at elevations as high as 7-12 m
asl, and we report a range of erosional forms which we believe may be previously unreported in Mediterranean
contexts.

Some of the evidence may be explained by extreme storms, but a significant proportion appears to require the
higher energies of tsunamigenic sources, of which there is other evidence in the region.

The postulation of tsunami waves reaching elevations of up to 22 m has significant implications for public safety
and coastal management in Malta.
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Evidence of storm wave induced shore platform boulder dynamics at Timaru, New Zealand

ABAZOVIC A., STEPHENSON W.J.
Department of Geography, University of Otago, DUNEDIN, NEW ZEALAND

Boulder accumulations on intertidal shore platforms on the east coast of the South Island of New Zealand
present an opportunity to examine boulder mobility, transport modes and energy regimes needed for transport.
This study is currently monitoring boulder transport through tagging, repeated photographing and surveying. In
addition, self-contained accelerometers are being used to investigate the mode of boulder transport during storm
events. Initial assessment of boulder sedimentology suggests that storm activity is responsible for boulder
movement but transport by tsunami cannot be ruled out at this setting.

Preliminary observations, made in June and October 2012, revealed that the fine boulders located at mid-
platform have the highest probability of being moved by storm waves, particularly during south-east swell
conditions and minimum wave heights of 4 m. Namely, the smallest two tagged boulders, located in the close
proximity of one another, were both tilted over the longest axis between the two observations made. During that
period, the most energetic two events had predicted minimum wave heights of 3 m and predicted maximum wave
heights of 6 m. These wave heights apparently do not suffice for movement of coarser boulders as no mobility of
medium or coarse boulders in close proximity was recorded during the same period. Thus especially the largest
boulders, located on the southern end of the platform, very likely require intense storm conditions or possibly a
tsunami wave for their movement to occur.
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Microseismic observations of coastal ground motion and geomorphic implications

YOUNG A.(1), GUZA R.(2), DICKSON M.(3), FLICK R.(2), WILLIAM O.(2)

(1) Scripps Institution of Oceanography, UCSD, LA JOLLA, CALIFORNIA, UNITED STATES ; (2) Scripps
Institution of Oceanography, UCSD, LA JOLLA, CALIFORNIA, UNITED STATES ; (3) University of Auckland,
AUCKAND, NEW ZEALAND

Ground motions driven by local swell and infragravity ocean waves were observed at seven unique worldwide
coastal settings including rocky, cliffed, and sandy coasts. Coastal grounds motions were generated by low
frequency gravitational ocean wave loading and attraction, and high frequency shaking caused by breaking
ocean waves and wave-cliff impacts. Ground motions consistently increased with incident wave energy and were
tidally modulated at various frequencies. However, tidal modulation differs between sites with dissimilar shore
platforms, suggesting that platform elevation and geometry influences ocean-energy delivery to cliffs. High
frequency response varied between sites, with elevated response at certain frequencies possibly related to local
site geometry, ground material properties, and resonance affects. Similar high frequency ground motion
observed at cliff and non-cliff sites suggests difficulties using seismic observations as a proxy for wave-cliff
interaction in geomorphic studies. Low frequency cliff ground motion decays rapidly with inland distance from the
cliff edge, causing continuous cyclic internal cliff strain. Although the observed strain values are several orders of
magnitude lower than typical ultimate strain values for rock, the wave loading applies a large number of cycles
and could potentially cause weakening through fatigue processes.
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Towards an improved understanding of tidal notch development: ten years of micro-erosion meter rates,
Phang Nga Bay, Thailand

MOSES C., ROBINSON D., WILLIAMS R.
University of Sussex, BRIGHTON, UNITED KINGDOM

Tidal notches, recesses extending along marine cliffs, develop because of higher weathering and erosion rates in
the intertidal zone compared to the supratidal or subtidal zone. They are particularly well developed on
Mediterranean and tropical rock coasts but also occur on rock coasts in higher latitudes. They develop in a range
of rock types, including basalt and sandstone, but are arguably best developed, and certainly most intensively
studied, on limestone. Tidal notches are commonly used as geomorphological indicators of sea level change and
tectonic movement, with their horizontal depth often being used to estimate the duration of stillstands. Key
models of cliff retreat are predicated on cliff undercutting and notch development.

Despite their importance in geomorphology and quaternary research, understanding of tidal notch erosion
dynamics and modelling of their evolution remains limited. There are relatively few studies that directly measure
rates of notch development and most have been short-term (2 — 3 years duration) and carried out on relatively
soft, young rocks that yield quick results. Models of notch development are predominantly based on
morphological studies and therefore give no indication of rates of development.

As part of an on-going, long-term study on Permian limestone at Phang Nga Bay, southern Thailand, we are
addressing some of these issues through the collection and analysis of MEM measured rock surface recession
data recorded both within notches and on the platforms that sometimes front them. Implications of the results to
date, for models of notch development and rock coast erosion under tropical climates will be outlined.
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Shore Platform and Cliff Notch Transitions along the La Paz Peninsula, Southern Baja, Mexico

TRENHAILE A., PRESTANSKI K., PORTER N., GAGNON J.
University of Windsor, Windsor, CANADA

Increasing exposure to wave action produces a northerly transition from various types of high tidal notches to
narrow shore platforms in the andesitic lahar deposits of the La Paz Peninsula, in southern Baja, Mexico.
Notches were surveyed in 18 areas and wear pins were cemented into the apex of each notch. The platforms
were also surveyed in three areas and 36 transverse micro-erosion meter (TMEM) stations were installed in
them. Laboratory experiments, using fresh and salt water, and geochemical analysis of rock samples taken from
the notches and surrounding areas, were used to supplement the field data and to determine rates of notch
erosion. Field measurements were made at the beginning and end of a 2.5 year period and the experiments
were run for 17 months. There was insufficient erosion in the notches to determine rates of downwearing from
the wear pins, but rates in the laboratory experiments were about 1.80 mm yr'l in salt water and 0.39 mm yr'1 in
fresh water. The shore platforms were narrower (few tens of metres) and steeper (1°) than most platforms in
similar microtidal environments, reflecting a weak wave environment and resistant rocks. Mean TMEM
downwearing rates on the three platforms ranged from 0.14 to 0.42 mm yr'l. There was a good relationship
between notch height and the degree of exposure to wave action, but notch depth is time-dependent and the
relationship with exposure was not statistically significant. Notch height was also related to the orientation and
wave fetch of the site. The experiments and field evidence suggested that the notches were probably produced
by salt weathering resulting from high tidal immersion near the cliff foot and from splash and spray at higher
elevations. Contemporary erosion rates compensate for tectonic uplift rates of about 0.12 to 0.15 mm yr 2 and
coastal morphology is well adjusted to the present level of the sea.
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Rocky coast dynamics - comparison between shore platform and adjacent sandy beach

GABRIEL S., OLIVEIRA S., HORTA J., MOURA D.
Algarve University, FARO, PORTUGAL

The balance between erosional and depositional processes depends on nearshore wave propagation as
determined by wave climate, bottom slope, relative water depth and the structure connecting cliff and sea floor:
shore platform or sandy beach. This work is developed in the aim of the ongoing research project named
“Erosion of Rocky Shores-differences in protection promoted by sandy beaches and shore platforms (EROS)".
Here we compare the wave propagation upon a shore platform and the adjacent sandy beach in a very
crenulated rocky coast at Algarve, southern coast of Portugal. For this purpose two study sites differently
exposed to the incident waves are considered. Six monitoring campaigns were performed always during spring
tides in order to achieve the maximum intertidal exposed area. The nearshore wave characteristics were
measured simultaneously in shore platform and sandy beach by four pressure transducers, programmed to
acquire at 2 Hz frequency during one tidal cycle. The sensors were placed along transepts perpendicular to
shoreline, two at low spring water level and the other two near cliff bottom. The complete wave spectra was post-
processed through spectral analysis in order to extract several parameters such as, significant wave height (Hs)
and period (Ts), wave energy and power. The offshore wave climate conditions were obtained in the
Hydrographic Institute(IH) Faro buoy. Bottom slope was gathered throughout topographic surveys performed
both in platform and sandy beach, by using a Differential Global Position System (DGPS). The sandy beach
grain size variation was also characterized. The results obtained stressed the dependency of the relationship
between the coastline orientation and the offshore wave direction both for wave transformation, beach
morphology and sediment granulometry. A more effective dissipation in wave energy was observed for higher Hs
measured in seaward sensors, both in shore platform and in sandy beach.
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Using beach and sea cliff dynamics to understand rocky coastline morphology, sea stacks, and headland
amplitude

LIMBER P.(1), MURRAY A.B.(1), ADAMS P.(2), GOLDSTEIN E.(1)
(1) Duke University, DURHAM, UNITED STATES ; (2) University of Florida, GAINESVILLE, UNITED STATES

On rocky coastlines, interactions between beaches and sea cliffs can explain a wide variety of morphological
features and processes, including sea stacks, headland prevalence, cross-shore headland amplitude, and
approach to a steady state. The key feedback is that sea cliffs, as they erode and retreat, can produce beach
sediment that controls future cliff retreat rates. In small amounts, sediment can accelerate sea cliff retreat by
acting as an abrasive tool, and in large amounts it can hinder cliff retreat by dissipating wave energy seaward of
the cliff toe. Because wave-driven sediment transport actively distributes beach sediment alongshore, these
feedbacks vary spatially. As a result, interesting morphological features can develop, ranging in scale from
hundreds of meters to tens of kilometers.

At the largest scale (tens of kilometers), beach and sea cliff dynamics (coupled with alongshore sediment
transport) offer a simple understanding of why some rocky coastlines exhibit alternating sequences of rocky
headlands and isolated pocket beaches, while others feature wide, continuous beaches backed by stable sea
cliffs. An answer can be found using a balance of beach sediment gains and losses, such that alongshore
headland prevalence decreases as sediment gains increase, or as sea cliff retreat rates and heights increase.
Zooming in and focusing on individual headlands and pocket beaches, the same beach and sea cliff dynamics
can explain sea stack formation and prevalence, as well as cross-shore headland amplitude. Numerical and
analytical model results suggest that certain combinations of wave climate, sea cliff characteristics, and initial
headland shapes can encourage stack formation. When sea stacks do not form, results suggest that equilibrium
cross-shore rocky headland amplitude (relative to neighboring embayments) is controlled by alongshore
headland spacing, as well as the retreat rates and properties of the headland and embayment sea cliffs.
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Beach nourishment impact in receding soft rock coastal cliffs using remote sensing techniques (Forte
Novo, south Portugal)

NUNES M.(1), FERREIRA O.(1), BAILY B.(2), CALVAO J.(3)

(1) University of Algarve, FARO, PORTUGAL ; (2) University of Portsmouth, PORTSMOUTH, UNITED
KINGDOM ; (3) Universidade de Lisboa, LISBOA, PORTUGAL

Beach nourishment is considered to protect rock coastal cliffs from marine erosion, reducing significantly the cliff
failures stimulated by wave action. By avoiding a direct marine action beach nourishment enables the analysis of
sub-aerial erosion significance in coastal cliffs. The main goal of this study is to compare the role of marine and
sub-aerial erosion at a cliff system, before and after beach nourishment.

The coastal cliffs at Forte Novo (Southern Portugal) are composed of Plio-Pleistocene poorly consolidated
sandstones, a low resistant cliff material that registered high erosion rates since the construction of hard
engineering structures updrift of the study area in the 70’s. Beach nourishment in June 2010 added up to 4 m of
sediment at the cliff base and 3 m over the berm.

The cliffs were monitored with 11 surveys from November 2009 until May 2012. Data collection initiated with a
airborne LIDAR survey. The subsequent surveys were performed using a reflectorless total station or a terrestrial
laser scanning to measure the cliff, and a RTK-DGPS to monitor the adjacent fronting beach. Hydrodynamic
(wave and tide) and meteorological (rainfall) conditions are combined with cliff loss volume to analyse the forcing
factors in cliff retreat before and after nourishment. The different impacts of marine and sub-aerial erosion were
evaluated by comparing cliff loss volume during the monitoring period. The retreat of the cliff top line recorded a
maximum of circa 7 m previously to the beach nourishment, and a maximum of circa 1 m after beach
nourishment. Significant cliff failures occurred before beach nourishment. With a narrow beach the cliff base was
frequently reached by waves in high tide and eroded during storms. Marine action was also responsible for the
quick (days) erosion or removal of collapsed material. After beach nourishment the cliff became protected from
wave attack with a wide beach and only exposed to slower sub-aerial erosion processes.
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Boulder mobility and shore platform erosion in southern Galicia, Northwestern Spain

PEREZ-ALBERTI A.
Universidad de Santiago de Compostela, SANTIAGO DE COMPOSTELA, SPAIN

Boulder accumulations, consisting of clasts of up to 2 m in diameter, are common on the granitic rocky coasts of
the northwestern lberian Peninsula. Broken storm waves move these clasts over boulder-strewn shore platforms
and within boulder beaches. To determine the mobility of these boulders, and consequently their abrasional or
protectional role in the evolution of this rocky coast, a study was undertaken on a boulder beach at Laxe Brava,
between the rias of Arosa and Muros and Noia. Several techniques and data sources were used to track boulder
movementin this area, including painting the boulders, GPS profiling with centimeter accuracy, airborne LIDAR
survey(with an accuracy of 10 cm in 2008 and 30 cm in 2010), and aerial photography with a 4 cm resolution
from a remotely controlled helicopter in 2012; these aerial data were used to produce orthophotos for 2008,
2010, and 2012. Boulder mobility, in the vertical and horizontal planes, was recorded and quantified in this area
by integrating data layers in a GIS. A second study is being conducted to determine the abrasional affect of loose
material, ranging from sand to boulders, in a small bay in southern Galicia. About 40 transverse micro-erosion
meter stations were installed in summer 2012, at sites where abrasion is active and, for comparative purposes, in
other places where surface downwearing is only by weathering. Photogrammetric techniques, with similar
resolution as in the first study, will be used to record boulder movement and the dislodgement of joint blocks and
other large rock fragments by wave quarrying.
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The role of biota in the weathering of microtidal shore platforms: first results from a new approach
through case studies along the coast of NW Italy

PAPPALARDO M.(1), CHELLI A.(2), PANNACCIULLI F.G.(3)

(1) Dipartimento di Scienze della Terra, Pisa University, PISA, ITALY ; (2) Dipartimento di Fisica e Scienze della
Terra M. Melloni, Parma University, PARMA, ITALY ; (3) ENEA - Centro Ricerche Ambiente Marino - S. Teresa,
LA SPEZIA, ITALY

This work was aimed to test if bioerosion and bioprotection can be considered effective morphological processes
in the current shaping of small shore platforms in the microtidal environment of the Ligurian Sea (NW
Mediterranean). At the study sites the biota colonising the rock surface of the intertidal and lower supralittoral
zone displays the following zonation pattern: from sea-level going upwards we can find macroalgae, a fringe with
grazing gastropods, echinoids and mussels, a well defined barnacle belt (mostly Chthamalus spp.)topped by
cyanophytes and lichens (Verrucaria adriatica) spreading in the supralittoral zone. Their relative contribution to
the overall platform erosion deserves to be tested.

We focussed on the bioerosive/bioprotective role of chtamalid barnacles and lichens on shore platforms surface.
We randomly selected 10x10 cm quadrats where we measured organisms percentage cover and rock hardness
using a Schmidt hammer test. This analytical method was applied to a number of tracts of the platforms
displaying different organisms cover. Results from a number of study sites located in the Gulf of La Spezia on a
carbonatic bedrock, demonstrate that only those parts of the rock covered by chtamalid barnacles display a
reduction of rock hardness of the order of 10% compared to uncovered rock at the same elevation a.s.l..
Differences in rock hardness between covered and uncovered rock quadrats proved to be statistically significant.
If we consider that in the uncovered part of the platforms at intertidal-lower supralittoral rock hardness is reduced
by 50% with respect to fresh rock, bioerosion impact proves to be of a much lower magnitude than that of
physical weathering. Data from further test sites, shaped in sandstones, and obtained with a different
experimental design are presented in order to test our first results against further evidence. Different
interpretative hypotheses are discussed to explain the highlighted weathering pattern.
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Wave transformations across a macro-tidal shore platform

STEPHENSON W.(1), NAYLOR L.(2), CHEN B.(1)
(1) University of Otago, DUNEDIN, NEW ZEALAND ; (2) University of Exeter, PENRYN, UNITED KINGDOM

How swell and wind waves are transformed across shore platforms has become a central question in rock coast
studies with only a limited number of field studies recently reported in the literature. Critical questions include;
how much energy relative to deep water is delivered to the platform cliff junction (where platform extension
occurs), how much energy is transformed to infragravity frequencies and does energy in the infragravity band
have any geomorphic consequence for rock coasts? Previous investigations of wave transformations across
shore platforms have mostly occurred in micro-tidal environments where water depth and platform width are
limiting factors on wave energy arriving at the cliff platform junction. Only one previous study has occurred in a
macro-tidal setting, where the erosive potential of waves was assessed. Here we report on the results of the
deployment of three wave recorders across a shore platform in a macro-tidal setting, on the Glamorgan coast of
South Wales, United Kingdom. The pressure transducers were deployed across a platform for four days
recording 2048 samples at 4 Hz, in burst at 10 minute intervals over eight high tides (489 burts). At the outer
edge of the platform water depths at high tide were 8 m meaning that waves crossed the platform without
breaking. Maximum wave height at the top of the platform was 2.4 m and Hsig never exceeded 1.34 m. Water
depth at the cliff platform junction at high tide were 1.4 m and limited wave heights by forcing breaking. Only a
small amount of energy were observed at infragravity frequencies at the top of the platform. Analysis shows that
less than 8% of the total energy is contained within infragravity frequencies; swell, wind and capillary waves
dominate containing 92% of the total energy. On this platform it is unlikely that infragravity energy has any
geomorphic function other than to remove a small amount of energy from the gravity wave frequencies.
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Comparative rates of surface erosion of coastal engineering materials and of chalk and sandstone
platforms, East Sussex, southeast England

ROBINSON D., MOSES C.
University of Sussex, BRIGHTON, UNITED KINGDOM

Understanding shore platform erosion dynamics is important in the context of coastal management, because
platform erosion is considered to be linked to cliff retreat and, because coastal defence structures are often built
directly into the platform at the cliff toe. The effective life span of defence structures is affected both by
downwearing of the platforms on which they are built and by the resistance of the engineering materials to
weathering and erosion.

The Cretaceous Chalk coasts of northwest Europe, and particularly those of southeast England, are among the
most dynamic and most intensively studied rock coasts in the world. Perceptible changes to platforms,
measured on monthly, seasonal, annual and decadal time scales provide a discontinuous database of erosion
rates of Sussex platforms spanning over twenty years. The cliffs and platforms composed of Cretaceous
sandstone, that occur also in southeast England, have been much less intensively studied. Much of the coast is
urbanised and long stretches have been protected by various combinations of groynes and sea walls, some built
of concrete, incorporating local flint, others comprised entirely of imported rock-blocks. The erosion rates and
therefore potential life span of these engineering structures are essentially unknown.

Complementing and extending the existing dataset on the Chalk platforms, we provide some additional data on
erosion rates, collected using Micro-Erosion Metres, of chalk and sandstone platforms, concrete walls and
groynes, and imported rock-blocks, all collected over the same time period, for a range of sites along the
southeast coast of England.

The implications of the results for coastal erosion rates and the lifespan and effectiveness of the coastal defence
structures will be discussed.
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Rocky shore platform's evolution in the North-West Coast of Egypt

SALEEM A.(1), MAHMOUD A.M.(2)
(1) Ain Shams University , CAIRO, EGYPT ; (2) Ain Shams University, CAIRO, EGYPT

Both recent and old shore platforms are the most common element of the Egyptian Mediterranean rocky coast.
Topographic and geological characteristics of the shore platforms have been identified in the field: platforms are
situated at different altitudes in relation to mean sea level and they are formed in different carbonate formations
from Miocene to Pleistocene ages. We measured many aspects of platform's rock discontinuities such as joints,
bedding and minor faultin