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Two ways to overcome boundaries in hydrology
Nans Addor1
1

Climatic Research Unit, School of Environmental Sciences, University of East Anglia, Norwich, UK (n.addor@uea.ac.uk)

In this presentation, I will discuss two kinds of boundaries, boundaries between catchments and boundaries between
scientists and decision makers. I will argue that both kinds can be overcome. First, I will discuss some recent progress in
large-sample hydrology. Using a new data set of hundreds of catchments, I will illustrate that information at the catchment
scale can be generalised to the continental scale. Although the boundaries of catchments are well defined, and streamflow
describes what happens within those boundaries, catchment attributes, such as their topography, land cover, soil and
geology can be used to explore hydrological similarity and to extrapolate beyond those boundaries. I will show how this is
particularly useful for hydrological modelling. Second, I will discuss how, in the context of adapting to climate change
impacts, it is key to overcome existing boundaries between researchers and decision makers. I will present the outcomes of
a workshop-seminar series I co-organised at the University of Zurich. It is based on the premise that interdisciplinary and
iterative dialogue can help to improve the understanding of and adaptation to climate change impacts, in particular on
hydrological systems. We conducted an opinion survey among the participants before and after the event. We found that
the event stimulated new perspectives on research products and communication processes, which suggests that similar
events may contribute to the midterm goal of improving support for decision making, by overcoming boundaries between
researchers, decision makers, and students.
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10.2
Using lakes and rivers for the extraction and disposal of heat
Adrien Gaudard1, Martin Schmid1, Alfred Wüest1,2
Department Surface Waters - Research and Management, Eawag, Seestrasse 79, CH6047 Kastanienbaum
(adrien.gaudard@eawag.ch)
2
Physics of Aquatic Systems Laboratory – Margaretha Kamprad Chair, EPFL, CH1015 Lausanne
1

The extraction and disposal of heat from lakes and rivers is a large yet scarcely exploited source of thermal energy. In
Switzerland, this renewable source of heating and cooling would be readily available, as many urban centers are located
near lakes and rivers. Its use would help to reduce consumption of fossil fuels and emissions of CO2.
Using waterbodies as heat sources and sinks implies the discharge of thermally-altered water into aquatic systems
(thermal discharge). We review the possible physical, chemical and ecological impacts of thermal discharge in lakes and
rivers. In most cases, it appears that the main impacts remain local (e.g., certain species avoid the discharge area).
However, intense thermal discharge could potentially cause large-scale impacts such as disruption of mixing (in lakes) or of
fish migration (in rivers). Warming in summer is particularly critical, as many ecosystems are already under stress due to
climate warming.
Based on simple assumptions, we estimate the potential for heating and cooling of the main lakes and rivers in Switzerland.
We observe that this potential is remarkably large, often well above the regional demand. This thermal energy is particularly
adapted at the scale of a neighborhood, a large company or industrial parks. The sustainable use of this resource requires
a well-thought-out energy strategy and good coordination between the different actors.
Given judicious management and supportive policies, lakes and rivers could become a significant source of thermal energy
in Switzerland in the near future. The main challenge of using this renewable, local and reliable energy will be to prevent
negative impacts on aquatic systems.

Figure 1. Example system where lakewater, through a heat exchanger, provides cooling for an industry and heating for a building, before
being discharged back to the lake.
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10.3
Seasonal groundwater storage in alpine catchments and its influence on
stream discharge
Daniel Hunkeler1, Marion Cochand1, Pierre Christe2 & Pascal Ornstein3
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3
CREALP, Rue des l’Industrie 45, CH-1951 Sion
1

In mountain areas, water storage in form of snow and ice leads to a seasonal water redistribution, making water available
during hot and dry periods in form of melt water. Numerous studies have highlighted that this storage dynamics could be
strongly altered by climate warming. The disappearance of glacier together with earlier snow melt might lead to surface
water drought in summer and late fall. However, there is considerable uncertainty to what extent groundwater storage of
meltwater could dampen this effect by delaying runoff to lowland regions. Compared to lowland areas, there is limited
knowledge about the hydrogeological functioning of alpine areas. A key challenge for alpine hydrogeological studies is the
stark contrast between the complexity of such sites versus the usually low data density due to the difficult conditions for
instrumentation and data acquisition.
In this presentation, methodological approach to evaluate the groundwater dynamics in Alpine areas are discussed. The
methods are applied to a research catchment to quantify seasonal groundwater storage and to relate it to water storage in
form of snow. Based on hydrochemical methods and groundwater dating, storage locations and time-scales within the
catchment are inferred. The study highlights that a substantial amount of water can be stored in alpine headwater
catchments in form of groundwater, which will likely influence how such catchments respond to climate change.
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10.4
Spatio-temporal variability in shallow groundwater chemistry in a small
pre-alpine catchment
Leonie Kiewiet1, Ilja van Meerveld1, Jan Seibert1,2
1
2

Department of Geography, University of Zurich, Zürich (leonie.kiewiet@geo.uzh.ch)
Department of Earth Sciences, Uppsala University, Uppsala, Sweden

Landscape characteristics influence the storage and release of water and thus groundwater dynamics and groundwater chemistry. Even
though it is well known that shallow groundwater is not one well-mixed storage and shallow groundwater chemistry varies spatially, often
only one groundwater sample is used in hydrograph separation studies to determine the contribution of groundwater to streamflow.
Quantification of catchment scale variability in groundwater chemistry may help to better understand hydrological flow pathways and to
interpret variations in streamwater chemistry, in terms of which parts of the catchment contribute to streamflow.
We present the results from eight snapshot campaigns in a 20-ha steep mountainous catchment in the Swiss pre-Alps during baseflow
conditions. During each campaign, shallow groundwater was sampled in 34 - 47 wells and analysed for major ion concentrations and
stable isotopes (δ 2H and δ 18O).
Electrical Conductivity (EC) was low in the early summer (mean: 284 ± 130 µS/cm) and increased throughout the summer (mean: 442 ±
100 µS/cm). The spatial variability in EC was large for all sampling campaigns. The mean standard deviation of the EC was 115 ± 13 µS/
cm; the lowest measured EC was 68 µS/cm and the highest measured EC was 825 µS/cm. Temporal variability in δ2H and δ18O was used
as a proxy for shallow groundwater residence time and to distinguish between sites with a more dynamic and a more constant water influx.
The water influx is hypothesized to be related to aquifer connection and the amount of groundwater storage, thereby being critical in the
conceptualization of groundwater contributions to streamflow. The spatial variability in the isotopic composition of the groundwater was
smallest in early summer and autumn (standard deviation: δ2H 2.3 ‰ and 3.4 ‰, respectively) and largest during the dry conditions in late
August (standard deviation: δ2H 9.5 ‰). The temporal variability of the isotopic composition was largest at sites in the upper part of the
catchment, close to the catchment water divide, and at sites near (local) ridges.
The solute concentrations and isotopic composition of the groundwater were related to landscape characteristics, such as (local) slope and
upslope accumulated area, and indices that describe groundwater dynamics, such as the skewness of the groundwater levels and the
fraction of time that groundwater levels were close to the soil surface (i.e. persistence of near-surface groundwater levels). The
concentrations of redox-associated solutes, such as manganese and iron(II), were highest at sites that had persistent high groundwater
levels, especially during very dry conditions. Chloride-concentrations were lowest at locations with predominantly low groundwater levels
but with large increases during large events. Potassium-concentrations were highest at predominantly forested sites with deeper
groundwater tables and a more flashy response to rainfall events. Potassium and sodium concentrations were least temporally variable at
sites with a more normally distributed groundwater levels (skewness between -1 and 1). However, all relations were weak (spearman
correlation coefficients <0.55), indicating that it is difficult to determine the spatial variability in shallow groundwater from a few point
measurements. The observed large spatial variability in groundwater chemistry highlights the need to sample groundwater at more than
one location, even in small catchments.
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Alpine ecohydrology across scales: propagating fine-scale
heterogeneity to the catchment and beyond
Theodoros Mastrotheodoros1, Christoforos Pappas2, Peter Molnar1, Paolo Burlando1, Panagiotis Hadjidoukas3, and Simone
Fatichi1
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Montréal, Québec H2V 2B8, Canada
3
Computational Science and Engineering Laboratory, ETH Zürich, Clausiusstrasse 33, CH-8092 Zürich

1

2

In mountainous ecosystems, complex topography and landscape heterogeneity govern ecohydrological states and fluxes.
Here, we investigate topographic controls on water, energy and carbon fluxes across different climatic regimes and
vegetation types representative of the European Alps. We use an ecohydrological model to perform fine-scale numerical
experiments on a synthetic domain that comprises a symmetric mountain with eight catchments draining along the cardinal
and intercardinal directions. Distributed meteorological model input variables are generated using observations from
Switzerland. The model computes the incoming solar radiation based on the local topography. We implement a multivariate
statistical framework to disentangle the impact of landscape heterogeneity (i.e., elevation, aspect, flow contributing area,
vegetation type) on the simulated water, carbon, and energy dynamics. This allows us to identify the sensitivities of several
ecohydrological variables (including leaf area index, evapotranspiration and net primary productivity) to topographic and
meteorological inputs at different spatial and temporal scales. We also use an alpine catchment as a real case study to
investigate how the natural variability of soil and land cover affects the idealized relationships that arise from the synthetic
domain. Our analysis shows that patterns of ecosystem sensitivity to topography-driven heterogeneity differ depending on
the hydrological regime (i.e., wet vs. dry conditions). Topography-driven variability in ecohydrological variables (e.g.
transpiration) at the fine spatial scale can exceed 50%, but it is substantially reduced (~5%) when integrated at the
catchment scale.
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10.6
AWE-GEN-2d: A new gridded stochastic weather generator
Nadav Peleg1, Simone Fatichi1, Athanasios Paschalis2, Peter Molnar1 and Paolo Burlando1
Institute of Environmental Engineering, Hydrology and Water Resources Management, ETH Zurich, Zurich
(nadav.peleg@sccer-soe.ethz.ch)
2
Faculty of Engineering and the Environment, University of Southampton, Southampton, UK
1

A new stochastic weather generator, Advanced WEather GENerator for a 2-dimensional grid (AWE-GEN-2d) was recently
presented by Peleg et al. (2017). The model combines physical and stochastic approaches to simulate key climate
variables (e.g. precipitation, cloud cover, near-surface air temperature, solar radiation, vapor pressure, atmospheric
pressure and near-surface wind) at high spatial and temporal resolution. The use of a combined stochastic-physically based
methods makes possible accounting for the dependence between meteorological variables and simulating them at subdaily temporal scales, which typically exceed the capabilities of empirical-statistical weather generators because the
statistical correlations at sub-daily scales are complex to model. The resolution of the input data to the model conditions the
resolution of the simulated fields (e.g. 2 km x 2 km and 5 min for precipitation when using MeteoSwiss weather radar
composite, and 100 m x 100 m and 1 h for other climate variables when using hourly data from ground stations).
AWE-GEN-2d is parsimonious in terms of computational demand and therefore is particularly suitable for studies where
exploring internal climatic variability at multiple spatial and temporal scales is fundamental. The model is suitable for
studying the impacts of stochastic climate variability, spatial heterogeneity and temporal and spatial resolutions of climate
forcing, as well as for climate downscaling. In this respect, the model can also be conveniently used in the context of
climate change by modifying the model parameters using climate data derived from dynamical climate models (i.e. GCMs
and RCMs).
Applications of the model include modelling of environmental systems, where high spatial and temporal resolution of
meteorological forcing is crucial for the correct simulation of hydrological, ecological, agricultural and geomorphological
processes.
The weather generator was calibrated and validated for the Engelberg region, an area with complex topography in the
Swiss Alps. Model test show that the climate variables are generated by AWE-GEN-2d with a level of accuracy that is
sufficient for most of practical applications.

Figure 1. An example of the high-resolution simulation of AWE-GEN-2d. Incoming short-wave radiation (left) and temperature (right) are
simulated for spatial resolution of 100 m by 100 m and 1 h in time. The example presented is taken from one member (year) from the
ensemble that was simulated for Engelberg area for present climate, representing a realistic climate realization for the region.
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Prediction of hydrographs and flow-duration curves in almost ungauged
catchments: which runoff measurements are most informative for model
calibration?
Sandra Pool1, Daniel Viviroli1 & Jan Seibert1
1

Department of Geography, University of Zurich, Winterthurerstrasse 190, CH-8057 Zürich (sandra.pool@geo.uzh.ch)

Applications of runoff models often rely on long continuous runoff time series for model calibration. However, many
catchments around the world are ungauged and simulating runoff for these catchments is a challenging task. Assuming that
it would practically be possible to make a few runoff measurements in such catchments, the question arises which runoff
measurements would be most informative for a subsequent model calibration. We therefore tested the hypothesis that a
few strategically selected runoff measurements can support runoff simulations in previously ungauged catchments. The
study was based on twenty catchments along the eastern US Coast underlying a humid climate with varying importance of
snow related runoff processes. The continuous runoff time series of the catchments was used to strategically select twelve
runoff measurements within a hydrological year. The strategies ranged from simply selecting monthly flow maxima’s to a
more process oriented selection of runoff measurements. Each strategy was used to select the 100 best model parameter
sets using a Monte Carlo calibration approach. Simulation results from these ‘informed’ parameter sets were then evaluated
in an independent time period in terms of the Nash-Sutcliffe efficiency of the hydrograph and the mean absolute relative
error of the flow-duration curve. The hydrographs were generally best simulated for model calibrations based on sampling
strategies containing high runoff magnitudes. In contrast, sampling strategies consisting of mean and low flows were most
informative for flow-duration curve simulations. The case of sampling the whole range of flow magnitudes with a single
strategy provided valuable information for both hydrograph and flow-duration curve estimates. The exact timing of these
runoff measurement was not crucial, because differences in model efficiency among strategies sampling the full range of
runoff magnitudes were small. Simulation results from calibrations with a few runoff measurements were compared to a
lower and an upper benchmark represented by a non-informed Monte Carlo calibration and a well-informed calibration
using a continuous fourteen year time series. Taking the effort of making runoff measurements clearly improved model
simulations compared to the non-informed case and simulation efficiencies close to a well-informed situation could be
achieved. This study therefore confirmed that a small number of strategically selected runoff measurements can be
informative for simulating runoff with a bucket-type runoff model in almost ungauged catchments.
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10.8
On the origin of low flows in alpine systems: Insights from a year
without snow in the Cascade Mountains of Oregon, USA
Clément Roques1, Elizabeth Jachens3, David Rupp3, John Selker3, Gordon Grant2, Sarah Lewis3, Cara Walter3 and Anne
Nolin3
1
2
3

Department of Earth Sciences, ETH Zürich, Zürich, Switzerland 8092 (clement.roques@erdw.ethz.ch)
USDA Forest Service, PNW Research Station, Corvallis, OR 97331
Oregon State University, Corvallis, OR 97331

In the Oregon Cascades, the winter snow conditions in 2015 were equivalent to 4 degree Celsius climate warming
scenario, representing a unique opportunity to test fundamental hypotheses of streams response to changes in the amount
and timing of recharge. The Cascade Mountain range is characterized in two groups: 1) the Western Cascades are old
volcanic flows with well-defined drainage basins and high snowmelt runoff, and 2) the High Cascades are younger volcanic
flows where precipitation infiltrates into deep aquifer system. We explored the consequences of anomalous recharge
processes on streamflow, focusing on how different mountain landscapes in the Cascades would respond. While summer
stream tied records, flows did not go as low as predicted by established models for some catchments, revealing some
specific hydrological properties. Analysis of stream flow recessions revealed a clear stratification of the hydrological
properties for the different alpine zones. Watersheds in old volcanic formations has stream flows an order of magnitude
lower than previous years. Catchments within the young High Cascades volcanic systems exhibits sustained flows, similar
to previous years despite substantial differences in precipitation and recharge. Deatailled stream flow recession analysis
and numerical simulations allow us to discuss morphological and hydrological properties of the landscape which controls
the low flow regimes. We demonstrate that a year-to-year variation in recharge is substantially buffered by the deeper
compartment which sustains the low flows from regional circulations.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

10.9
The hydropower potential of future ice-free basins worldwide
Vanessa Round1,2 Matthias Huss2,3 & Daniel Farinotti1,2
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3
Department of Geosciences, University of Fribourg, CH-1700 Fribourg
1

Over the next century, the ongoing retreat of glaciers will continue to cause dramatic changes to the landscape and present
new challenges related to water availability. Newly ice-free basins may provide suitable locations for new water storage and
hydropower infrastructure, with relatively low conflict in terms of established ecosystems and land use. At the same time,
such installations could mitigate impacts arising from changing runoff regimes (Farinotti et al. 2016) or potentially hazardous
glacier lakes (Haeberli et al. 2016).
We present an evaluation of the total theoretical hydropower potential of currently glaciated regions worldwide, and assess
how this potential will evolve until the end of the century. The theoretical reservoir storage volume and energy production
potential of each individual glacier location is determined. In addition, the feasibility in terms of social, economic, technical
and ecological parameters is taken into account to present a ranking of potential locations for major glacierized regions
around the world.
Potential retention dam volumes are determined by simulating dams in future ice-free terrain, using the subglacial
topography of Huss & Farinotti 2012. The theoretical hydropower potential is based on projected runoff from the Global
Glacier Evolution Model (GloGEM, Huss & Hock 2015) and site specific hydraulic heads. Additionally, the timing of potential
reservoir locations becoming ice-free is revealed by the GloGEM modelled glacier evolution. Installation cost proxies
provide an estimate of economic feasibility, and lithology and topographical data give further insight into technical
feasibility. Population distribution and a suite of World Development Indices are used to assess the demand for new
electricity production. Environmental and cultural risks are identified though the density of vulnerable species and presence
of UNESCO sites.
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10.10
Integrating geological structures into hydraulic-geothermal models to
evaluate the productivity of alpine geological systems; the case study
Davos
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Within the framework of the INTERREG VB project GRETA (Near-surface Geothermal Resources in the Territory of the
Alpine Space) geothermal resources near the surface in the Alpine region and their sustainable use are to be examined as
a contribution to the reduction of CO2 emissions. Together with the project partners, Office of Nature and Environment Chur,
the Federal Office for Spatial Development ARE, the Gemeinde Davos and the Geotest AG Davos, the AUG is working on
the pilot study Switzerland located in Davos (Canton Grisons) and its surroundings.
The objective of the pilot study is to work out the use potential and productivity of shallow geothermal energy from an alpine
aquifer, the Arosa Dolomite, an aquifer of regional spatial extent, embedded in a sequence of tectonic units in the eastern
alpine system. Geologically, the Arosa Dolomite unit includes mainly rocks of the Triassic Hauptdolomit-Formation. It is
sandwiched between the austroalpine and penninic tectonic units.
In spite of low data availability regarding the hydraulic conditions of the subsurface the main challenge was to create a
regional groundwater model which maps the large-scale circulation systems. The basis for this was the integration of the
constructed 3D geological model (GOCAD©) into a numerical groundwater flow model (COMSOL©).
We start from a purely conceptual approach defining hydraulic boundary conditions. A comprehensive measuring program
(GNAMA) around the exploration borehole in the spa gardens of Davos (400 m deep) served to examine a sustainable
operation of the production well and to monitor potential negative impacts on existing geothermal applications. All the data
have been available also for the geological and groundwater flow models. Further hydrogeological data concentrate on the
Landwasser valley of the Davos area which are the basis for the setup of the models and the hydraulic calibration.
The 3D geological-hydrogeological model allows evaluating pumping tests and to understand the dynamic character of
capture zones of pumping wells as well as to test how different boundary conditions and hydraulic property distribution
influence calculated flow regimes. In addition, the model enables us to test the effects of hydraulic regimes changes at
different scales. In the year 2016, the focus was laid on the development of the 3D geological model and in 2017 on the
hydraulic model for understanding the dynamics of deeper confined and artesian aquifers including the interaction with near
surface groundwater resources in the unconsolidated rocks of valley fills.
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Lakes are important ecosystems where reactive nitrogen (N) species are removed from inland waters. Particularly, in redox
transition zones of permanently stratified lakes, a variety of microbial processes occur in close vicinity, including nitrification,
(nitrifier-) denitrification and anammox. Classical organotrophic denitrification and the potentially underestimated sulfur (S)
dependent chemolithotrophic denitrification are important nitrate removal processes. The meromictic north basin of Lake
Lugano represents an anthropogenically-influenced ecosystem, where a dominance of S-oxidizing denitrifiers over
chemotrophic denitrifiers in the water column has been proposed, at least during some periods of the year. Within this
context, nitrate isotopes can be used to characterize different denitrification pathways/metabolisms. The Δδ18O:Δδ15N ratios
of nitrate during its reduction are diagnostic for specific processes, in particular the use of the nitrate reductases Nar vs.
Nap, and overlapping nitrite-oxidation by nitrification or anammox. Using a combination of biogeochemical and
microbiological approaches, we aimed at studying (i) the seasonal dynamics of (and controls on) the different modes of
denitrification, (ii) isotopic fingerprints of organo- vs. lithotrophic nitrate reduction, and (iii) the identity of the responsible
N-transforming microorganisms. Several incubation experiments show varying contributions of chemotrophic vs. S-driven
denitrification, depending on water column depth, season, and availability of organic electron donors. The Δδ18O:Δδ15N
ratios seem mostly determined by the active denitrifying organisms and the enzymes they use, respectively. Pure culture
studies of denitrifying species will further characterize isotope effects of nitrate reduction. The assessment of the microbial
diversity via high-throughput sequencing of 16S rRNA genes will help to identify the organisms responsible for S-dependent
and organotrophic denitrification.

REFERENCES

Wenk, C.B. et al. 2013: Anaerobic ammonium oxidation (anammox) bacteria and sulfide-dependent denitrifiers coexist in the
water column of a meromictic south-alpine lake. Limnol Oceanogr 58, 1-2.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

Symposium 10: Hydrology, Limnology and Hydrogeology

405

Symposium 10: Hydrology, Limnology and Hydrogeology

406

P 10.1
Automatic interpretation of geophysical well logs
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Facies interfaces are often located by interpreting combinations of well logs (e.g., natural and spectral gamma with caliper).
Generally, this interpretation is made long after the logs were collected. This often leads to a loss of “first hand” information,
as collected on-site. In addition, well log interpretation is usually slow and tedious, what hinders on-site decisions. To make
things worse, (1) the standard interpretation is subjective and based on subtle “manipulations” of the raw data that are
hardly traceable in the long run, and (2), small lithological changes (e.g., in clay content) or intercalated thin layers
presenting different lithologies are often combined in one single (notably thicker) stratigraphic unit. Yet, such thin layers may
be clearly visible in geophysical logs and are important (e.g., as preferential flow paths for contaminant migration or as
water conducting features). Therefore, an automated, parameter based (and thus traceable) quick look of the lithology after
log completion represents a valuable tool to help with on-site decisions (e.g., depth of the different lithological sub-units). To
that end, an interpretation workflow and corresponding algorithm has been developed.
The algorithm consists of two main parts, i.e., the identification of facies and corresponding interfaces and the inference of
hydrogeological properties (hydraulic conductivity and porosity). First, the algorithm uses a set of Walsh functions which
enhances transitions in signal levels and weighs/combines information from all available well logs (e.g. caliper, density,
natural and spectral gamma, neutron, etc.) to select a set of interfaces between facies. Identified facies can be as thin as
the log accuracy (usually centimetre). In a second step, the algorithm identifies the lithology of the inferred facies using the
Schlumberger standard diagram correlating Thorium to Potassium contents, provided that spectral gamma was measured.
Third, the distribution of shale volume is inferred from the gamma log. Fourth, an estimate of the distribution of effective
porosity along the borehole is obtained if the total porosity is known. Such distribution can also be correlated to that of
hydraulic conductivity through empirical laws after some calibration process. The variability of the estimated (per facies)
hydraulic properties, allows the deterministic estimation of variograms and other higher order statistics that are the starting
point of the necessary posterior geostatistical (either deterministic or stochastic) modelling exercises.
This work presents the methodology and its application to a set of 16 boreholes in Mont Terri and northern Switzerland
(Figures 1 and 2).
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Figure 1. Identified facies mineralogy in borehole BDB-1 (Mont Terri). Orange, brown and blue rectangles on the right depict sandy, shaly
and carbonate-rich sandy facies respectively. Red dots depict the facies interfaces from the manually interpreted lithostratigraphic logs,
dashed red lines indicate the facies interfaces picked by the algorithm.

Figure 2. Identification errors of observed interfaces in Benken borehole.
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In a context of increasing energy demand, hydropower is currently the leading renewable source. However, the benefits of
hydropower production are counterbalanced by negative effects of human modifications, such as damming and water
abstraction, which pose threats to the river hydrology, sedimentology and ecology. In particular, interventions on Alpine
rivers in Europe led in many cases to the disruption of river-aquifer flow interactions, a lateral disconnection of floodplains,
the disturbance of sediment fluxes and a drop in aquatic habitat quality and extent. The prediction of the impact of such
changes on the ecology of rivers requires a combined effort of numerical modelling and field observations, which is to date
missing.
We intend to simulate the response of river and groundwater systems to different environmental flow strategies (e.g.
constant releases, seasonal releases, etc.) and to quantify the effects of such response on riparian vegetation growth and
spatial distribution in Alpine streams. To achieve this goal, we designed numerical models of river-aquifer flow interactions
and of their impact on riparian vegetation growth in the Maggia River: a heavily regulated Alpine gravel-bed braided river.
The modelling tasks are being supported by field measurements of hydrology (river stage, groundwater levels), plant-scale
phenology (dendrometers) and reach-scale vegetation change (terrestrial camera monitoring) (Džubáková et al. 2015).
Long-term changes in vegetation cover are gleaned from historical aerial photography (Figure 1).

Figure 1. The Maggia floodplain and some numerical and experimental analyses thereof. Photos and illustrations by Gianluca Bergami.
The Maggia floodplain is a particularly suitable site for the calibration and validation of such a modelling system, since the flow of the
Maggia River is regulated by hydropower dams and riparian vegetation is present on the gravel bars along the floodplain with rather
natural dynamics, responding to flood and inter-flood periods as well as low flows (Perona et al. 2009).

Among the expected results of this research, we foresee that: a) an improved surface water – groundwater coupled model
will be obtained, able to accurately simulate river-aquifer exchange fluxes in a braided Alpine stream, also accounting for
surface processes (evapotranspiration) and dynamics in the hyporheic zone, and capable of long-term simulations at the
river corridor scale; b) the coupling of such model with a riparian vegetation model will be accomplished, allowing to
estimate the water stress of riparian species in regulated streamflows and their response to environmental flow policies; c)
a model-based quantitative assessment of how riparian species respond to different flow conditions, as well as to new
minimum flow release strategies, will be achieved.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

The final aim of this research is to produce a valuable tool for the fine-tuning of environmental flow releases in the Maggia
valley, improving the state of the riparian ecosystem while maintaining sufficient water withdrawals and electricity production
at the same time. This research could serve as a methodological prototype for other Alpine streams where river restoration
actions aiming to restore or maintain natural dynamics in riparian vegetation downstream of dams are planned.
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Alpine areas are more sensitive to the expected impacts of climate change and geothermal energy plays an important role
in the energy strategy of the alpine space [Gloersen et al (2012)]. This holds also true for the community of Davos which
actively promotes the growth of renewable energy sources and is therefore certified with the European energy award
Energiestadt (energy city). To explore the geothermal potential of Davos the pilot project GNAMA (Geothermie-Nutzung
alpiner mitteltiefer Aquifere, geothermal exploitation of non-shallow alpine aquifers) was launched which is expected to save
400 MWh per year of fossil fuels in the upcoming years [Gemeinde Davos 2016]. The project is part of the Swiss national
geothermal research program and is funded by the community of Davos, the cantonal department of nature and
environment (ANU) and the Swiss ministry of energy (BFE).
The pilot project included site investigation with seismic measurements carried out in 2010 and drilling of a 400 m deep
exploration borehole in the vicinity of the Congress Centre Davos in 2012. The borehole was drilled in the fractured
dolomite aquifer (Arosa Dolomite aquifer, Schiahorn nappe) which is located below a quaternary, layered, unconfined
aquifer. The Arosa Dolomite aquifer is confined and artesian with groundwater flow mostly along fractures.
Extensive measurements were carried out to characterise the reservoir; the applied methods are borehole geophysics,
pumping tests and analysis of water chemistry including stable isotopes. The aquifers main features are natural artesian
flow of about 1’200 l/min with a water temperature of 11.3 °C and a pressure of 2.3 bar. The results also showed that the
aquifer can be used for heating or cooling applications and that it is of regional importance.
The conducted studies serve as a basis for the evaluation of the preliminary exploitation of the borehole which started in
2014. The ground water from the exploration borehole is used to power a local district heating network, which features
cooling and heating with heat pumps. The outcomes of the studies are also used as input parameters for a 3D geological
model and a numerical groundwater flow model developed by the University of Basel within the scope of the INTERREG
VB project GRETA (near-surface geothermal resources in the territory of the alpine Space) [Scheidler et. al 2017]. The
results of both projects GNAMA and GRETA are to be incorporated in developing guidelines for improved exploration of
further hydrogeothermal applications in the alpine regions of Switzerland.
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Pollutants, nutrients and solute concentrations in streams represent the hydrological and biogeochemical response to
natural processes and increasing anthropogenic pressure on watersheds.
This study analyses the Swiss National River and Survey Programme (NADUF) database, comprising almost 40 years of
water quality data sampled every two weeks in eleven Swiss catchments. The solutes are divided into five categories:
geogenic solutes (Ca, Mg, Na, silicic acid and K), deposition derived solutes (Cl), nitrogen species (NO3, total N),
phosphorus species (DRP, total P and suspended solids) and organic carbon (DOC, TOC).
Firstly, the magnitude and trends in time of the concentration patterns are explored. Then, the concentration-discharge (CQ) relationships, expressed as C = a Qb, are studied in the different catchments. The behavior of each solute is classified
as chemostatic (b≈0), source limited (b<0) or transport limited (b>0) depending on the value of b coefficient. The C-Q
relations are computed separating low flows (Q < median daily Q) and high flows (Q ≥ median daily Q). As some solute
concentrations have changed in time, the trend in time of b is also considered.
Among geogenic solutes, calcium has the highest concentration, while NO3 is about half of the total nitrogen concentration,
similarly DRP is half of the total phosphorus concentration. DOC, instead, is about 2/3 of the TOC concentration.
Suspended solids have a two order of magnitude higher concentration than phosphorus species. The concentrations
patterns are highly influenced by seasonality and this is particularly clear in Alpine catchments. Some solute concentrations
show trends in time. Sodium and Chloride have increased likely due to the salt (NaCl) used for roads during winter. Total
nitrogen, DRP and total phosphorus have decreased due to the adoption of phosphate ban measures. DOC concentrations
have also decreased in most catchments, but decrease of TOC concentration is more remarkable. C-Q relationships
analysis provides a classification of the solute behavior. Geogenic solutes and chloride are source limited (dilution effect),
as b coefficient is negative in almost all cases. Only silicic acid does not show a clear evidence of dilution. Nitrogen species
mainly show a source limited behavior during low-flow events and a chemostatic behavior during high flows. This behavior
is consistent with the nitrogen element characteristics, as it is a mobile solute, which leaches easily. Suspended solutes are
clearly transport limited, as higher flows increase erosion and therefore the sediment concentration. DRP does not show a
clear behavior, but there is prevalence of chemostatic behavior during high flows. The total phosphorus is influenced by
both DRP and suspended sediments. While for low flow events total phosphorus shows all the three possible behaviors,
during high flow events the behavior is clearly transport limited (effect of erosion).
DRP concentration has the most evident decreasing trend in time, and the trend is reflected in the b coefficient. Overall,
results provide a comprehensive picture of the behavior, seasonality and trends of solutes in Swiss rivers.
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In alpine areas, loss of glaciers and changes in snow pack and cover dynamics present direct and indirect consequences to
water resources. The hydrologic, biologic, and physical environment can be expected to change, for example opening up
new surfaces for vegetation growth and forestation. We are operating an intensive monitoring program of hydrological
processes in the Vallon de Nant, Switzerland (area of 14 km², altitude ranging from 1200 to 3051 m). This site is both a
karst system and a protected area, making it a particularly interesting site to study eco-hydrologic processes. Monitoring of
stable isotopes (δO18 and δD) in water combined with measurements of climate and hydrologic parameters help to quantify
flows through different components of the water balance and assess their certainty. Our presentation will highlight the
importance of in situ measurements to quantify the spatial and temporal variations in the water balance. Predicting
feedbacks between changes in vegetation and climate is challenging due to the complexity of the hydro-ecological
processes. In this presentation, we will review the state of current knowledge regarding these interrelated phenomena and
discuss how we will answer open questions in our study catchment in the Swiss Vaudois Alps.
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Determining the hydrodynamics of lake water is essential for a better understanding of nutrient transport but also of the
distribution of potential pollutants through the lake. The objective of this study is to understand the mixing of Rhône River
water within Lake Geneva. During summer and autumn, when the lake is thermally well stratified, the Rhône River water
can potentially flow more or less directly towards and finally out of the “Petit Lac” (small lake basin close to Geneva) more
than 60 km from its mouth. During winter, when stratification is weakened, the water from the Rhône River mixes more
diffusively with the water of Lake Geneva. The aim of this study is to determine the path of the Rhône River through the
lake more precisely and identify the thermal and meteorologic conditions favourable for different types of flows as
suggested by physical circulation models of the Rhône River interflows.
Waters are sampled from different North-South transects across the lake. Bathymetric profiles are measured for temperature,
pH, conductivity and oxygen concentrations. In addition, the H- and O-isotope compositions of water, the C-isotope
composition of dissolved inorganic carbon and the major ions are analysed. Sampling campaigns are carried out every two
months to study the hydrodynamics of the lake at varying thermal conditions. The isotopic composition of water was already
proven to be a powerful tool to trace the Rhône River interflow within the lake (Halder et al., 2013) but the details of this
interflow remain debatable. It is the aim of the present study to use the isotopic tracer method in much more detailed crosssections as a tool to both test and verify interflow models based on wind patterns and thermal dispersion of the waters.
The chosen cross-sections, to be sampled regularly and “event-based”, that is after extended periods of similar
meteorological conditions, should allow for more precise estimates of the path of the Rhône water interflow and the control
of different wind conditions on the formation of resultant gyres of circulation within Lake Geneva. For example, an
anticlockwise gyre forces Rhône River water to flow at intermediate depths towards the northern shore of the lake and a
return interflow close to the southern shore of the lake. Isotopic mixing models coupled to physical hydrodynamic models of
the lake will help constrain the flow paths of the Rhône.

Figure 1. Isotopic composition of oxygen of water d18O

VSMOW

(‰) measured on the Evian-Lausanne cross section in August 2015.
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Within the scope of planning a hydropower pump storage plant in the Poschiavo valley by Lagobianco SA (Repower AG),
numerous cored boreholes with depths of 50 to 300 m were drilled at elevations between 963 and 2538 m a.s.l. (Fig. 1). In
several boreholes Lugeon and transient pressure packer tests were executed at various depths and pore water pressure
sensors were properly installed in short monitoring intervals, which have been recording since 2011/12/13 until today (Fig.
2). Several of the boreholes intersect large suspended rock slides showing the characteristic zones of highly fragmented
rock mass above a kakirite layer of several tens of meters thickness.
This study presents long term transient pressure records from these deep boreholes and relates them to seasonal recharge
trends from snow melt and summer rainstorm events. Annual pore pressure amplitudes at depths between 45 and 278
meters, range between 4 and 40 meters. Meteoric pressure signals from snow melt and rain storm events are clearly
visible in the pressure records with stronger pressure increase during snow melt than during rainstorms.
First estimations of storage properties of the aquifers intersected by the boreholes are determined by fitting a combined
snow melt and precipitation pressure function to the observed (delayed and attenuated) pore pressure records using a
convolution of the one-dimensional pressure diffusion equation for a semi-infinite aquifer of constant thickness (De Marsily,
1986). Recharge from snow melt water production is obtained from the Degree-Day Method (Rango and Martinec, 1995)
and initial hydraulic conductivity values were taken directly from hydraulic tests executed by Lagobianco SA in similar rock
types (Figi et al., 2014). Although simplifying the problem to a single homogeneous layer, this approach yields impressively
good fits of the transient pressure records in both damping and temporal delay. Realistic specific storage/yield values for
most boreholes are obtained, which vary significantly as a function of sensor depth below the piezometric level.
The obtained values for specific storage and the assumed values for hydraulic conductivity were then verified with a 1D
finite element free-surface hydraulic model under steady-state and transient conditions, as a column with two superposed
materials of differing permeability, storage properties, and porosity. The simulated values were again fitted to the observed
pore water pressure records. The results support the observed values for hydraulic conductivity as obtained from the
packer tests with low permeabilities in the intact rock mass and a higher permeability in the rock slide masses.
Furthermore, the pore pressure values and amplitudes could be reproduced and the values for specific storage found by
convolution could be confirmed.
In the light of changing climatic conditions and the related changes in spatial and temporal precipitation patterns, the
understanding of recharge mechanisms and rates of alpine aquifers is crucial. This study contributes to the relatively scarce
knowledge in this area, by delimiting realistic ranges of hydraulic conductivity, specific storage, and volumetric water
content via the fitting of an analytical solution and numerical modeling results to observed pore water pressures. In the
reaction of the pore water pressure to different meteoric events we see a significant sensitivity to the timing, type, and
amount of recharge. The increasing annual temperatures and thus decreasing precipitation fallen as snow are likely to
affect the general recharge and circulation regime of the aquifers at the scale of the Alps.
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Figure 1. Topographic map of the study area with boreholes (with average water table), springs (type and annual discharge), and rockslide
outlines.

Figure 2. Water table of the boreholes in the study area normalized by the initial water table elevation over the available time-span and
cumulative snow melt (per hydrological year) as calculated with Rango and Martinec (1995).
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In many regions around the world, observed streamflow time series show too many missing data for a direct use in the
context of water resources management, engineering applications or hydrological modelling. Here, we propose the use of
the Direct Sampling (DS) method, which was originally designed for the generation of random fields, but sees an increasing
number of applications focused on time series. The principle of DS is that it generates new simulated values based on a
conditional resampling of a provided training set. In the case of reconstructing gaps in time series, the training set consists
of historical data in the same time series during periods not affected by gaps. The method can be extended to multisite time
series by considering patterns that span across several neighboring locations. Most importantly, the approach is stochastic
and considers short as well as long-range variability of the considered variable. Compared to other methods, one
advantage of the DS is that it is almost entirely data-driven, can fit any data structure and simulate the outcome of a
complex natural process without assuming a specific statistical model.
This study aims at using the DS technique to fill gaps in daily streamflow data in the Volta river basin (VRB). This is a
transboundary river basin (400,000 km2) that encompasses six countries in West Africa. The area is known to be a data
scarce region due to the poor density of gauging stations on the hydrographic network. The average area for stations
density is about 3,000 km2/station while the World Meteorological Organization recommends a maximum of 1,900 km2/
station. The available data are often unreliable because of long gaps in the time series. Many stations show gaps up to an
average of 65% of daily records per year, while some of them have complete time series .
Fifteen years of daily streamflow data have been collected for the VRB with some stations and years more complete than
the others. In a first step, different scenarios of missing data with continuous and discontinuous, regular and irregular gap
size, ranging from days to months, are used to assess the performance of the DS technique in reproducing the data
patterns. Results from the DS simulations are compared to results from other methods such as ARMAX, NARMAX and the
Thornthwaite-Matter hydrological model. Once validated, the method is used to generate continuous streamflow data
across the VRB. Given the simplicity of the DS technique, the method is readily transferable to any other variable and is
thus very promising for environmental modeling in general.

Swiss Geoscience Meeting 2017

Platform Geosciences, Swiss Academy of Science, SCNAT

P 10.9
How biogeochemistry shapes the ecosystem of Lake Tanganyika
Benedikt Ehrenfels1 2, Tim Kalvelage2, Bernhard Wehrli1
Department Surface Waters Research and Management, Eawag, Seestrasse 79,
CH-6047 Kastanienbaum (benedikt.ehrenfels@eawag.ch)
2
Institute of Biogeochemistry and Pollutant Dynamics, ETH Zurich, Universitätstrasse 16, CH-8092 Zurich
1

Lake Tanganyika is the world’s second largest lake by volume and sustains the second largest inland fishery of the African
continent. Despite the lake’s oligotrophy, upwelling of nutrients from deep waters fuels significant productivity in the
euphotic zone. There is evidence that fixation of atmospheric dinitrogen (N2) by cyanobacteria also plays a significant role.
Productivity is generally highest in the dry season (period of pronounced upwelling) and in the southern basin of the lake.
Fish catches have experienced a long-term declining trend, which has been ascribed to amplified lake stratification in the
course of global warming. However, the drivers of spatiotemporal patterns in phytoplankton assemblages and ultimately the
fluctuations in pelagic fish catches are not fully understood.
This PhD project will explore how the pelagic food web of Lake Tanganyika responds to spatial and temporal heterogeneity
in biogeochemistry. My research objectives are in particular:
1.
2.
3.

to assess subsurface nitrogen (N) losses and N regeneration as well as the relative importance of N2 fixation and
nutrient upwelling for primary production along a north-south transect during dry and wet season
to characterize the functional phytoplankton composition with respect to large-scale spatial and temporal variability
in nutrient availability
to trace the isotopic signal of dominant phytoplankton functional groups through the pelagic food web

The N sources and sinks will be examined using high resolution biogeochemical profiling, chemical analyses of the
dissolved and particulate N species, and 15-15N2 incubations along a north-south transect during different seasons.
Primary productivity and phytoplankton community composition will be investigated by wet-chemical analysis and
continuous monitoring of photopigment concentrations across Lake Tanganyika. The food web structure will be elucidated
by bulk isotopic and amino acid specific isotopic analyses of four trophic levels (phytoplankton, zooplankton, planktivorous
and piscivorous fish). The biogeochemical investigations will be complemented by an ecological and genetic study of the
relevant pelagic fish species. The new insights gained from this interdisciplinary collaboration will facilitate better predictions
about future responses of the lake ecosystem to global warming and direct human impacts and thus, add to a sustainable
fishery management strategy.
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Figure 1. Upwelling and dinitrogen (N2) fixation are the major nutrient cycling mechanisms in Lake Tanganyika. Our underlying hypothesis
is that N2 fixation is more important during stratified conditions, whereas upwelling will favor dissolved inorganic nitrogen (DIN) fixers.
Upwelling intensities are highest in the South and in the North of the lake. The diffent signals among N2 and DIN fixers in nitrogen isotopy
might be traceable through the food web.
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An adequate management and planning of river basins requires the assessment of the availability of water resources. In
Alpine basins, snow covers and glacial zones play an important role in the hydrological cycle. In autumn and winter, a
significant part of the precipitation is stored in glacial and non-glacial high mountains areas, creating natural reservoirs. In
spring and summer, rivers experience an increase of flow due to the melt of snow and glacier deposits.
Climate change is very likely to have a significant impact on different climatic conditions. Glacier retreat and changes of the
meteorological variables are expected, which in turn will affect the water resources availability and discharge conditions.
Climate projections for this century show a generalized rise in temperature as well as regional precipitation fluctuations
(Figure 1).
Based on these assumptions, the present work aims at analyzing the effects of climate change on the water resources of
the Reckingen subbasin, an Alpine catchment located in the Upper Rhone River Basin in Switzerland. A glacio-hydrological
model has been created and calibrated using the semi-distributed hydrological software RS MINERVE (García Hernández
et al., 2017). This software allows the distinction between glacial and non-glacial regions, to better capture the hydrological
processes. Based on previous studies (CH2011, 2011; Funk et al., 2011), 3 emission scenarios (A1B, A2 and RCP3PD)
have been analyzed for three 30-year future periods (centered at 2035, 2060 and 2085). For each of them, the
meteorological conditions (namely the precipitation and temperature variables) and the glacier coverage have been reevaluated.
Results show significant fluctuations in the projected discharges of an average year at the outlet of the Reckingen basin
(Figure 2). This is specially marked during the spring-summer seasons (May to September). In general, there is a combined
tendency to a change of total discharges (mainly due to reduced precipitations coupled with increased temperatures and
glacier shrinkage/melt) and a shift toward earlier maximum summer flows (due to an early melting of existing glaciers). This
may first entail an increase in the discharges, but a reduction in the water resources availability in the long term.
The analysis of climate change impacts on water resources in alpine catchments helps anticipating climate change effects
and adapting management strategies.
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Figure 1. Projected Precipitation (%) and Temperature (°C) changes at the Grimsel-Hospiz station for the 2060-centered period and the
A1B emission scenario, including the 95% confidence interval (source: CH2011, 2011).

Figure 2. Resulting discharges for an average year at the outlet of the Reckingen basin for 3 periods (centered at 2035, 2060, 2085) and
the 95% confidence interval, applying the A1B emission scenario.
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The Intergovernmental Panel on Climate Change (IPCC) expects that renewable surface water and groundwater resources
will decrease in most of the dry subtropical regions due to climate change by the 2100 horizon (IPCC, 2014). In addition,
population growth, urbanization and economic development apply significant pressures on water resources that lead to the
increase of water scarcity, particularly in arid regions. In this context, the present study was conducted in order to analyze
the impact of both anthropogenic and climate pressures on groundwater availability in the Regueb basin.
The study area is located in Central-Eastern Tunisia and covers approximately 1’900km2 (Fig. 1a,b). It is characterized by
an average annual rainfall of 193mm and an extended dry season from March to December (Fig. 1c). The land surface
elevation in Regueb ranges from 500m in the mountainous region to less than 70m in the main oued (Fig. 1d). The rural
aspect of the Regueb basin as well as the good quality of soil and groundwater resources availability have led to the
development of the irrigated agriculture sector. Important amounts of water are therefore pumped annually, particularly
during the summer season, in order to satisfy the agriculture water needs.
An integrated approach was developed to quantify the water resource balance and to evaluate the current and future
pressure applied on groundwater resources.
First, a conceptual model of the unconfined aquifer of Regueb was simulated and calibrated in steady-state and transientstate conditions. Monthly groundwater storage was estimated over a reference (1976-2005) and future period (2036-2065)
using the modular finite-difference groundwater flow model (McDonald & Harbaugh 1988). Three climate models were used
by the 2050 horizon, based on the outputs of three selected GCMs provided by the Fifth Assessment Report (AR5) of the
IPCC (2014): CSIRO-Mk3.6.0, CNRM-CM5 and MPI-ESM-MR. Secondly, monthly irrigation water withdrawals were
evaluated based on the decision support system for irrigation CropWat developed by the FAO in 1992. Remote sensing
techniques were used to generate the land use map and to identify irrigated areas. Thirdly, urban water use was estimated
from population growth and monthly specific water consumption data. The current average specific use is evaluated to be
38.6l/cap/day. It was assumed that this value remained the same all year-round. Three future water use scenarios were
considered: (1) a climate scenario (CS) including climate changes only and the projection of land use observation of 2010;
(2) a business-as-usual scenario (BAU) considering climate changes and an extension of irrigated surfaces following the
recent trends (crops, areas); (3) and an adaptation scenario considering climate changes and an extension of irrigated
areas following the recent trends but only with crops requiring few water. Finally, using the data of groundwater resource
availability and water use, the impacts of climatic and anthropogenic changes on water resources and management was
assessed based on two indicators: the groundwater balance (GB) and the water stress index (WSI).
By 2050, the groundwater balance should decrease by 97%, 30% or 22% compared to the reference period according to
climatic projections based on CSIRO-Mk 3.6.0 model, MPI-ESM-MR model and CNRM-CM5 model, respectively. The
average annual water use should increase by 3.8% to 16.4% under climate change scenario while it should double under
BAU scenario and increase by 50% under the adaptation scenario. The evaluation of WSI shows that water demand should
be satisfied by the 2050 horizon under climate change only, while a severe water stress is predicted by 2040 according to
the other scenarios.
In conclusion, the applied methodology represents an initiative to raise decision-makers’ awareness about the water stress
risk on groundwater availability under climate and human pressures.
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Figure 1. Location of the study area (A). Regueb watershed limit (B). Ombrothermique diagram (C). Land surface elevation (D).
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We study the impact of topological, geometric, and hydraulic heterogeneity on transport processes in fractured media from
three-dimensional discrete fracture networks (DFN). We compare transport through analogous structured and disordered
fracture networks with varying degrees of hydraulic heterogeneity. Only the two largest scales of heterogeneity, individual
fracture and network structure, are considered. For the moderate levels of hydraulic heterogeneity, network structure is the
dominant control of transport. Independently of the level of hydraulic heterogeneity, less dispersion in the structured than in
the random network is observed, associated to the higher connectivity in the structured network. Increases in dispersion
with higher hydraulic heterogeneity are larger in the disordered network than in the structured network, indicating that the
interplay between structural and hydraulic heterogeneity is nonlinear. We propose a measure of disorder in fracture
networks based on the Shannon entropy definition that integrates structural and hydraulic properties. This can be seen as a
first approach to the dispersion potential and mixing capacity of a fracture network.
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This study of the aquifer of the Continental Terminal is carried out in the Abidjan District located on the coastal sedimentary
basin in southern Côte d’Ivoire (West Africa). This unconfined aquifer of the city of Abidjan of Mio-Pliocene age is called
“Abidjan groundwater” (Jourda, 1987). The water quality of this aquifer is facing diverse sources of anthropogenic pollution
such as scattered deposits of solid and liquid wastes of all kinds. Indeed, the inadequacy of sanitation and drinking water
supply systems increases the pollution risk of the Abidjan’s groundwater (Kouamé, 2007).
Besides, the proliferation of gas stations, including tank breaking, needs to be considered in the event of an accident, which
poses a real threat to groundwater given the complex hydrogeological structure of the region. In order to ensure the
effective protection and management of the Abidjan water table, this work proposes to evaluate the risk of contamination of
groundwater in the Abidjan aquifer by hydrocarbons such as benzene for the purpose of the implementation of protective
measures. This evaluation consist to implement hydrogeological models with FEFLOW 6.2 software.
Various kinds of data have been used to achieve such objectives: in particular, geological maps of Abidjan and GrandBassam, the inventory map of the exploitation structures, the reconnaissance structures and the 1: 50,000 piezometric map
prepared by SOGREAH, weather data from Abidjan International airport and the piezometric data. These data were also
obtained from field surveys carried out for soil sampling. The parameters of models are porosity, hydraulic conductivity,
storage coefficient and recharge, Henry constancy, molecular diffusion coefficient, steady-state constant, and Van
Genuchten shape parameters.
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Using the FEFLOW software, the predictive simulation of underground flow coupled with the transport of dissolved benzene
deposited on the soil surface at the N’Dotré and Anador station was implemented. Dissolved benzene initial concentrations
are 43,12 and 14,17 mg/l for the two sites respectively for variably saturated zone.The results revealed that between 1 year
10 months and 4 years 3 months the pollutant is detected on the surface of the aquifer at N’Dotré and Anador respectively.
In saturated zone, 0.37 mg / l of dissolved benzene was injected at the two stations. This pollutant is detected between 6
and 14 years in certain boreholes in the East Zone and Anonkoua-Koute catchments. In the end, the threat would appear
between 38 and 60 years. This overall time of dissolved benzene transport could be 10 time faster if it travels in channels
with high hydraulic conductivity. Figure 1 shows the benzene plume at 7305 days (around 20 years) in saturated zone.

Figure 1. Benzene at 7305 days in saturated zone
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In Switzerland, water from Alpine catchments provides a large proportion of available water resources. However, large
uncertainties regarding changes in glacier volume and snow accumulation can have significant impacts on hydrologic,
biologic, physical and economic processes. Accurately quantifying, modeling, and predicting these water resources is
therefore an on-going challenge. Given the well-known difficulty observing solid precipitation (snowfall), it can be assumed
that most of the uncertainty in water balance estimates for snow-dominated environments is due to: 1) Poor measurement
of winter precipitation and 2) A poor estimation of timing and amount of snow melt. It is noteworthy that the timing of melt
plays a crucial role even for annual water balance estimates since it might significantly influence melt runoff flow paths and
thereby groundwater recharge.
We are monitoringstable water isotopes in an Alpine catchment to shed light on how such observations can constrain water
balance estimates. The data set currently spans over more than one year. The selected catchment is the experimental
Vallon de Nant catchment in the Vaud Alps of Switzerland, where detailed hydrologic observations have started in 2016
addition to the existing vegetation and soil investigations. The Vallon de Nant (14 km2, and an altitude ranging from 1200 to
3051 m) is a narrow valley that accumulates large amounts of snow during winter. In spring and summer, the river
discharge is mainly supplied by snowmelt, with additional inputs from a small glacier and rainfall. Continuous monitoring of
water stable isotopes (δO18 and δD) is combined with measurements of climatic and hydrological parameters to quantify
water fluxes. Measurements and sampling in such an environment is challenging and has rarely been done at such a high
temporal resolution for a full annual cycle. We will discuss the advantage of our approach for 1) evaluating the dominant
hydrological processes and pathways in Alpine environments and 2) for reducing the uncertainties of water resource
estimation in Alpine catchments.
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Hydrologists are challenged to estimate extreme discharges from catchment basins with data of relative poor temporal and
spatial resolution. In addition, the probability of occurrence of the input driver (i.e. extreme precipitation) is assumed the
same as the proabbility of the response (i.e. extreme discharge). However, extreme discharges are complex processes
derived from catchment responses from diverse meteorological inputs. A better understanding of driving precipitation inputs,
catchment properties and a-priori conditions is required in order to characterize flood procceses and to determine shape,
volume and peak of the hydrograph of the extreme discharges.
Therefore, we investigate on the driving spatial and temporal variability of extreme precipitation and the heteoreogenity of
the catchments in order to describe different procceses and to identify hydrologically relevant parameters for extreme
discharges (Fig. 1.). We use entropy as a descriptor of the precipitation patterns. First results from data of 46 catchments
(<200 km2), located within Northwestern Switzerland, with temporal resolutions of 10-15 minutes are presented.

Figure 1. Hydrographs of the 4 highest peaks of a catchment (12.9 km2) in Northwestern Switzerland, indicating different event dynamics
and parameters, leading to different shapes, peaks and volumes.
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The time water takes to travel in a catchment and the pathways it follows are crucial elements in characterizing hydrologic
response. Understanding their variability in time and space sheds light on the link between discharge formation and water
quality at the catchment scale. Here, we introduce a novel modeling framework to explore water transport mechanisms
using the Hafren basin in Wales (UK) as a case study. We show that a fully distributed process-based hydrological model
coupled with a transport component for conservative tracers can successfully reproduce water and conservative tracer
fluxes. We present results from using the model as a tracking tool to follow the paths of water parcels that entered the
catchment as rainfall over 2 years. The agreement between tracer simulations and observations demonstrate that dynamic
transit time distributions both forward and backward in time can be directly estimated from a hydrochemical model with a
high spatial and temporal resolution without assuming a priori any transit and solute selection laws. The approach proves
useful in quantifying how hydrometeorological conditions and spatial heterogeneity affect water transit time and age
distributions in a real catchment.
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In the framework of the recently established National Center for Climate Services (NCCS), the FOEN’s Hydrology Division
is in charge of the focus area “Climate Change and its consequences on Hydrology in Switzerland Hydro-CH2018”. This
focus area aims at preparing the hydrological basics required to address climate adaptation measures. In addition to the
continued development and maintenance of the long-term hydrological monitoring, this also includes further improving our
understanding of the hydrological processes through targeted research projects. The update of hydrological scenarios
based on the new CH2018 climate scenarios, potential multi-purpose use of lakes and reservoirs, water quality and
ecology, as well as future changes in the hydrological cycle are of particular interest. The expected products are a state-ofthe-art summary of the hydrological knowledge and the closing of knowledge gaps in order to meet the measures
formulated in the national climate change adaptation strategy. Furthermore, climate services in the field of water will be
developed. Such services comprise scientific information and data on the climate of the past, present and future, as well as
its consequences and shall serve as the basis for decision-making in the context of climate issues. As such, they are
expected to support government, political and business sectors and society to minimise climate-related risks, recognise
opportunities and optimise benefits and costs.
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Flood events cause substantial losses, on human life or economic income. One of the key elements necessary for developing
efficient strategies in hazard and risk mitigation is flood hazard mapping.
Current flood hazard mapping strategies are based on data coming from hydrometeorological stations, remote sensing and
hydrological/hydraulic modelling. These classical tools are used for input data acquisition such as topographic information,
soil characteristics, rainfall data or land use typology, and for output results such as flood extent, water depth, flow velocity
or velocity*depth products (De Moel et al., 2009; Prinos et al., 2009). Despite the numerous advantages of these tools for
flood hazard mapping, they also present some limitations. For ground data acquired by instruments, extensive spatial and
temporal coverage is a challenge as well as the maintenance and data processing cost (Houghton-Carr, 2014). In the field
of remote sensing, depending on the type of sources (e.g. active or passive) and the location on Earth, issues can raise
from incomplete or low spatio-temporal coverage, alteration of the quality of the scene or even its cost. As for hydrological
modelling, the output is highly dependent on the quantity, accuracy and precision of the input data.
With the rise of web 2.0 technologies (Batita et al., 2012) and participatory research (Cornwall and Jewkes, 1995), we
argue that citizen science, i.e. participation of the public in scientific research projects (Wiggins and Crowston, 2011) has
the potential to provide valuable spatial data for flood hazard analysis.
This work presents the contribution of citizen science in flood hazard analysis in a pilot study: a suburban area of Dakar,
Senegal, where flooding has emerged lately as major threat for poor people and is also an area undergoing rapid changes.
This area is characterized by a) lack of a catalogue of past events, b) poor coverage of hydrometeorological stations, c) no
regular update of basic data, such as topography, and d) some quality and frequency issues with satellite images.
Using a combination of citizen science techniques, such as participatory mapping, participatory GIS and social media, the
citizens of the area were able to provide different thematic spatial data. Figure 1 illustrates the contribution of citizen
science on basic data acquisition and output results. Figure 1a shows an example of rainfall data reported by local citizens
at different locations, from August to September 2016. Contributors collected daily average rainfall through simple devices
implemented in this regard, and posted their data on our Facebook page (https://www.facebook.com/xeex.meude), whereas
figure 1b displays water depth reached during past floods, independently of the event, provided by local representatives
across participatory mapping and participatory GIS.

Figure 1. The contribution about citizen science for flood hazard mapping a) with rainfall data and b) with water depth
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These promising results show how citizen science through participatory mapping and participatory GIS can provide useful
information in flood hazard analysis, in particular for areas where no instrumental network is available and financial resources
are scarce.
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We aim to understand the potential contribution of modern recharge from the mountainous regions of Northern Chad
(Ennedi, Tibesti) to the very large fossil Nubian Sandstone Aquifer System (NSAS); the most important aquifer system of
Northern Africa. Previous studies concluded that in the current climate, the system does not receive significant recharge, in
contrast to the middle Holocene when rainfall was estimated to be around 400 mm/y. Geographical remoteness and political
instability have so far prevented a detailed investigation seeking to understand recharge pathways and dynamics.
Combining remote sensing and hydrochemistry provides new insights into recharge mechanisms and dynamics from the
mountainous regions at the margins of the NSAS. Previous studies have shown that stable isotopes are an excellent tool to
discriminate between modern and paleorecharge. Along wadis and at specific accumulation points, surface and near
surface water changes occur on a spatial scale < 100 m and on a temporal scale of a few days. At these locations, surface
water can infiltrate and generate recharge. Therefore, we employed LandSat8OLI images (spatial resolution 30 m, temporal
resolution 16 days) in combination with rainfall estimates products (FEWS-NET) to understand surface water occurrence
and to build a relationship between geographical variability and intensity of precipitation with superficial flow response.
Ground-truth observations of surface water occurrences were collected during several field campaigns (2013 - 2016) within
the framework of the ResEau project (https://reseau-tchad.org/). Surface and groundwater samples were obtained at 180
locations, covering an area of 88’000 km2. They were analyzed for their stable isotopes and major ion signatures.
LandSat images show that when high intensity precipitation occurs in the mountains of Northern Chad, surface water is
rapidly transferred to the lower lands over distances of 100 km. Frequencies of such events are spatially variable, with the
southern slopes receiving more frequent and intense rainfall than the northern slopes. The hydrochemical variability shows
the same pattern: stable isotopes have ratios comparable to current rainfall over the mountains of the Ennedi (where rains
amount at 100 mm/y) and on the southern slopes of the Tibesti (40 mm/y). The spatial evolution of stable isotopes is also in
strong agreement with the hydraulic gradient at a regional scale, meaning that flow velocities and mean residence time
could be determined based on conceptual groundwater flow models. Groundwater flows from the mountains towards the
lakes of Ounianga where depleted isotopic ratios are comparable to values found in other parts of the NSAS (e.g. Kufra
oases in Libya), where groundwater age was identified to be between 9’000 and 36’000 yrs.
The results obtained indicate that a significant amount of modern recharge is happening. We are able to geographically
constrain the areas involved which collect and transmit effective precipitation to the NSAS.
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Accurate quantification of groundwater flow patterns, both in magnitude and direction, is a necessary component of
evaluating any hydrologic system. Groundwater flow patterns are often determined using a dense network of wells or
piezometers, which can be limited due to logistical or regulatory constraints. The self-potential (SP) method, a passive
geophysical technique that relies on currents generated by water movement through porous materials, is another method
which can be used in addition to traditional piezometer networks to evaluate flow patterns. Naturally generated currents can
be measured as voltage differences at the ground surface using only two electrodes, or using a more complex electrode
array installed in the ground. The method can be used to analyze hydrologic processes at various temporal and spatial
scales. Here we present the results of SP surveys collected at multiple scales (1 to 10s of meters) and demonstrate how
these measurements can be used to evaluate changing patterns of groundwater flow at the daily or seasonal time scale.
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Fluctuations in temperature and nutrient input influence the mixing regime of lakes and also the various biochemical processes
in the water and water-sediment interface. Laminated lake sediments are useful archives to reconstruct climatic and
environmental changes through time, due to their high temporal resolution.
A current issue is the progressing anoxia in marine and freshwater systems during the last century (Diaz 2001). There are only
a few proxies established (e.g. bacterio-pheophytins, µXRF Mn/Fe-ratios, among others…) established to reconstruct the
oxidation history and paleoredox conditions of bottom waters in lakes. In many paleolimnological studies, µXRF Mn/Fe-ratios
are used as paleo-redox proxies with the reasoning that Fe and Mn have a different redox behavior. However, µXRF does not
reveal information about the different Fe and Mng species, which may or may not be related to redox-driven precipitation but
rather reflect soil erosion, carbonate precipitation or aquatic productivity. Long-term studies regarding oxygenation and redox
state changes of lake bottom water are analytically challenging difficult and rarepoorly done. However, it is necessary to
understand anoxia because of its heavy impact on lake ecology. The aim of this study is to assess the sources of Fe and Mn
and the processes of their precipitation to the sediments by analysing different Fe and Mn fractions and, thus, to better
understand establish a new method to reconstructpast oxygenation and mixing regimes in of the lalake ke system by applying
a sequential extraction method to determine Fe and Mn fractions of the lake sediment of Moossee.
We present an adapted sequential extraction technique (from soil sciences) that enables the quantitative (concentration)
distinction between mineralogical fractions. We are able to distinguish between seven iron and manganese fractions: (F1)
Fe(II)-Phosphates, (F2) adsorbed / exchangeable / carbonates (AEC), (F3) humic material, (F4) amorphous Feoxyhydroxides and Mn oxides, (F5) crystalline Fe oxides, (F6) Fe sulphides and organics and (F7) residuals and silicates.
The quantitative composition of these fractions indicates paleo environmental depositional conditions (Poulton and Canfield
2005) such as anoxia. Sequential extraction techniques have never been applied to lake sediments before. Understanding
the cycling and deposition behaviour of metals in the lake can provide additional information about paleo environmental and
–climatic conditions and how they affect the lake system.
In addition, we measured We compared the resulting Fe and Mn species with the Mn/FeµXRF ratio (redox proxy), loss on
ignition LOI, data, C/N/S data, µXRF elemental composition and sedimentary pigments as inferred from scan data and
hyperspectral imaging. data, in order to understand their speciation behaviour. Finally, we tested whether the different Fe
and Mn fractions can be attributedssigned to specific lake or catchment processes and assessed to prove whichat factors
finally drive the total Mn/Fe ratio (as e.g. measured with uXRF).
The lake sediment samples were taken in a wide temporal ime rrange from the Late Glacial to Mmodern Ttimes. The
preliminary results show, based on the vertical distribution of Fe and Mn fractions, that it is possible to reconstruct the
oxygenation states of the bottom water in Moossee. Periods of reducing and anoxic conditions coincided with enhanced
formation of reduced Fe species and are expressed in increased relative amounts of these species in to the total metal
fractionconcentration. Furthermore, we find that also long-term (Holocene) ecosystem changes such as the natural
eutrophication of the lake system, forest and vegetation dynamics, soil development, deforestation and land use changes
as well as the erosion history since the Early Holocene are clearly shown by the Fe speciation pattern.
We conclude that, in Moossee, the Mn/Fe ratio is mainly driven by redox-sensitive behaviour of the two metals but also by
detrital inputs from the catchment.
With an appropriate research design the detection of Fe speciation in lake sediments with the here presented sequential
extraction method has a great potential for reconstructing biochemical metal cycles in lakes and for providing information
about paleo environmental conditions.
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The Sahelian climate is characterized by a rainy season of a few months in summer and an average annual rainfall of less
than 700 mm. The surface water dries up very quickly during the long dry season. The Sudano-Sahelian zone of West
Africa, which encompasses northern Côte d’Ivoire is no exception. This part of the African continent is therefore a concern
for the scientific community, so for its socio-economic development as for the well-being of the populations.
In this poster, trends on hydroclimatic variables in the White Bandama Basin in northern Côte d’Ivoire are studied. The nonparametric CUSUM test and parametric t-Student test are used to detect changes in series of data. The parametric Mann
Kendall test, linear regression test and Sen’s test show amplitude of changes. All these tests are applied on data from 15
rainfall stations, and 5 hydrometric and temperature stations over the period 1944-2015.
This basin-scale and monthly data analysis shows a decreasing trend in precipitation and runoff from 1971 to 2010, while
temperature increases over the same period.
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