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13.1
Modelling the dynamics of in-stream herbicide concentrations:
evaluation of a controlled herbicide application experiment in a
headwater catchment
Lorenz Ammann1, Fabrizio Fenicia1, Tobias Doppler2, Peter Reichert1, Christian Stamm1
Eawag, Swiss Federal Institute of Aquatic Science and Technology, Überlandstrasse 133, CH-8600 Dübendorf
(lorenz.ammann@eawag.ch)
2
VSA, Swiss Water Association, Europastrasse 3, CH-8152 Glattbrugg
1

Diffuse pollution of water bodies by herbicides in catchments dominated by agricultural land-use is a major growing
concern. While only a small fraction of the applied herbicide mass is washed off into surface waters in usual conditions,
concentrations therein may reach levels proven to affect organisms (Velisek et al., 2014; Doppler et al., 2012).
Various experiments at lab and field scale have been performed to investigate the processes involved in herbicide wash off.
At the scale of small catchments, however, less is known about the dynamics and interactions of those processes, which
impedes the derivation of efficient mitigation measures.
We evaluate an experiment located in a small (1.2 km2) agricultural catchment in the Swiss Plateau, consisting of a
controlled application of herbicides, distributed in-stream concentration measurements at high temporal resolution (Figure
1), as well as soil and ponding water samples (Doppler et al., 2012). The experiment revealed considerable spatio-temporal
variation in herbicide loss rates. The objective of our study is to better understand the processes that caused this variation.
We first apply a regression analysis to identify the key controls on herbicide loss rates. Subsequently, to reproduce the
dynamics and still keep parsimony, we construct a simple hydrological model with multiple non-linear reservoirs, using an
extension of a flexible hydrological modelling framework (Fenicia et al., 2011). The model considers degradation and
sorption of herbicides and is jointly calibrated to streamflow data and time series of herbicide concentrations.
Our preliminary results indicate that herbicide loss rates are generally higher for soils which are prone to saturation or when
maximum rainfall intensity is high. With the hydrological model we are able to reproduce streamflow dynamics, whereas
herbicide concentrations still pose major difficulties.

Figure 1. Observed herbicide concentration and discharge dynamics at one of the gauging stations on 6th and 7th of June, 2009.
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13.2
Groundwater and low flows in Switzerland – Part 3:
Assessment of water resources vulnerability to droughts using
synthetic hydrogeological models
Claire Carlier1, Stefanie Wirth1, Fabien Cochand1, Maria Staudinger2, Jan Seibert2, Daniel Hunkeler1, Philip Brunner1
Centre for Hydrogeology and Geothermics (CHYN), University of Neuchâtel, Emile-Argand 11, CH-2000 Neuchâtel
(claire.carlier@unine.ch)
2
Geographisches Institut, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich
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Climate models tend to predict more frequent and intense periods with limited water availability. Even temperate and
relatively humid regions like Switzerland are affected by issues related to low-flows. It is thus essential to characterise the
vulnerability of watersheds to droughts in order to manage water supply. Aquifers, as a major fresh water reservoir, greatly
impact hydrological catchment dynamics. Especially river low-flows are strongly dependent on the surrounding
hydrogeological settings. Numerous studies have analysed watershed processes under dry conditions. However, they have
mainly concentrated on stream flows.
We thus propose an integrated quantification of the impact of droughts on water resources by considering the sensitivity of
both rivers and groundwater to prolonged dry periods. To achieve this, the hydrogeological and topographical controls on
storage processes are characterised. The relationship between the physical properties of the catchment and its low-flow
dynamics is highly complex, and no straightforward correlation can be obtained by analysing real catchment data. A
modelling approach is therefore developed to systematically and independently quantify the control mechanisms of
catchment parameters on river and groundwater dynamics. The physically based numerical model HydroGeoSphere is
used, which simulates surface water and groundwater in a fully coupled way. Numerous synthetic models are designed with
systematically varying geometry and hydrogeological parameters. Indicators describing drought vulnerability of stream
flows, groundwater heads and storage volumes are proposed. A clear correlation between catchment porous storage
volume and resilience to drought is observed. An attempt to link these results to real watersheds is made, analysing the
flows and the geology of a selection of catchments. The validation of the synthetic results with observations would allow the
development of drought sensitivity indicators based solely on physical properties of watersheds.
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Temperature signal in fine sediment dynamics of the Upper Rhône basin
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Stéphanie5, Jean-Luc Loizeau3, Stuart N. Lane4
1
2
3
4
5

Institute of Environmental Engineering, ETH Zürich, Stefano-Franscini-Platz 3, CH-8093 Zürich (costa@ifu.baug.ethz.ch)
Institute of Geological Sciences, University of Bern, CH-3012 Bern
Institute F.-A. Forel, University of Geneva, CH-1290 Versoix
Institute of Earth Surface Dynamics, University of Lausanne, CH-1015 Lausanne
Section of Earth and Environmental Sciences, University of Geneva, CH-1205 Geneva

Together with geological forcing and glacier inheritance, climate is one of the main drivers of erosional processes and
sediment dynamics in alpine environments. Climatic conditions impact sediment fluxes of mountainous region, by activation/
deactivation of sediment sources and by initiating specific sediment production and transport processes throughout the
hydrological year. Precipitation and temperature determine, for example, the snow dynamics of alpine catchments which, in
turn, impacts on the sediment regime by defining the fraction of the basin that is snow free and potentially erodible, by
influencing the onset of ice-melting and the exposure of large amounts of sediment in proglacial areas. As a result, changes
in climatic conditions should also influence considerably the sediment regime of such sensitive areas.
In agreement with previous studies (e.g., Beniston 1996), we identify an abrupt increase in mean air temperature (Fig. 1)
during mid-1980s in the Upper Rhône basin (South-Western part of Switzerland). The main aim of this work is to analyse
the potential effect of this temperature jump on the fine sediment regime of this 5,200 km2 Alpine catchment.
To identify changes in the Upper Rhône basin during the last forty years, statistical tests are applied on multiple hydroclimatic and sediment related variables. Observations of basin-averaged air temperature and precipitation, discharge and
suspended sediment concentration measured at the outlet of the catchment are analysed as mean annual and mean
monthly values. To account for snow and ice-dynamics, spatially distributed temperature index models are calibrated and
validated to simulate daily snow-melt, snow cover and ice-melt for the forty year period 1975-2015. Gridded datasets of
daily precipitation and temperature with ~2x2 km2 resolution, provided by Meteoswiss, are used as input for the degree-day
models. Changes in fine sediment dynamics are investigated by analysing both the transport capacity of the Upper Rhône
River and the evolution of specific sediment sources such as: (1) sediment entrained and transported along hillslopes and
channels by snow melting, (2) sediment-rich fluxes originated in proglacial areas and by glacial erosion, (3) sediments
mobilized by rainfall erosivity along snow-free hillslopes.
Simultaneously to the abrupt warming in spring and summer (Fig. 1), we identify a significant rise in suspended sediment
concentration at the outlet of the basin in July and August, confirming the close link between climate and sediment
dynamics. While changes in transport capacity (discharge) are not capable to explain the step-like rise in suspended
sediment concentration, the analysis of specific sediment fluxes reveal that enhanced ice-melt and glacier retreat started in
mid-1980s has coincided with increasing suspended sediment concentration entering the Lake Geneva. While precipitation
does not show any statistically significant change over the forty year period, the combination of a remarkable reduction in
snow cover duration and snowfall days in this period, especially at low and mid elevations may have also contributed to
enhance suspended sediment concentration along the Rhône River. This study demonstrates the relevance of
understanding processes that link climate and erosion and sediment transport, especially in the context of climate change.
It also suggests the importance of adopting a more process-based approach for predicting suspended sediment load rather
than traditional rating curves simply based on streamflow.
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Figure 1. Time series of mean annual values (left) and monthly differences (right) between the period before and after the temperature
jump (1975-1986 and 1987-2015) of basin-averaged air temperature (T), suspended sediment concentration (SSC) measured at the outlet
of the basin and basin-total simulated ice-melt (IM), from top to bottom.
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Tracing of Rhône River water in Lake Geneva using stable isotope
composition of water
Gabriel Cotte1, Torsten Vennemann2
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IDYST, Université de Lausanne, Géopolis 1015 Lausanne (gabriel.cotte@unil)
IDYST, Université de Lausanne, Géopolis 1015 Lausanne (Torsten.Vennemann@unil.ch)

It is important to determine the hydrodynamics of lake water in order to better understand nutrient transport and the
distribution of potential pollutants through bodies of water.
The objective of this study is to understand the hydrodynamic mixing of Rhône River water in Lake Geneva. It has been
ascertained that during the summer and fall, when the lake has an established thermal stratification, Rhône River water can
flow directly to the “Petit Lac” more than 55 km away from its mouth (Halder et al., 2013). During winter, when stratification
is weakened, the water from the Rhône River mixes quickly with the cold and homogeneous water of Lake Geneva.
Therefore, the aim is to determine the path of the Rhône River through the lake and identify the thermal and meteorologic
conditions favorables for this kind of flow.
To realise the studies objectives, water samples are taken in different sectional transects orientated North-South in different
parts of the lake. Bathymetric profiles are taken at each sampling location, measuring temperature, pH, conductivity and
oxygen concentration. Sampling campaigns are carried out every two months to study the lake’s hydrodynamics at varying
thermal conditions. For every sample, we analyse the isotope composition of the water, the dissolved inorganic carbon and
the major ions. The isotopic signature of water is a strong tracing tool for ascertaining the precise origin of water molecules
in the water cycle. The isotopic fractionation implies that light isotops moved preferantially further than heavy isotopes
during atmospheric disturbance travel. Altitude increases also this fractionation. So, it’s possible to differenciate Lake
Geneva’s isotopically lighter water from the heavier Rhône River water which is mostly fed by glaciers.
The analysis of water’s isotopic composition is a key tool to understand the hydrodynamic of the lake. It can ascertain not
only the origin of the water, but also its residence time and nutrient or pollutant dispersion.

Figure 1. Isotopic composition of oxygen of water d18O
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Figure 2. Isotopic composition of oxygen of water d18O
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(‰) measured on three profiles in August 2015.
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13.5
Lake Murten: Implication of high-resolution water parameter survey on
lake functioning
El Kateb Akram, Stalder Claudio, Neururer Christoph, Rüggeberg Andres, Spezzaferri Silvia
Department of Geosciences, University of Fribourg, Chemin du Musée 6, 1700 Fribourg

Lake Murten is the smallest lake in the Lake District, located in the western part of Switzerland between the Canton of Vaud
and Fribourg. Lake Murten has a total surface of 22.8 km2 with a length of 8.15 km and a width of 2.8 km. The maximal
depth reaches 45.5 m whereas the mean water depth is 23.3 m. Several water parameters such as pH, temperature,
conductivity, dissolved oxygen of the Lake Murten are monitored by the Service de l’environnement de Fribourg (SEN)
since several years. Once a month, a water profile is performed at the deepest part of the lake. Usually, strong water mass
stratification is observed during the spring season until the beginning of winter. During this stratification, the bottom layer
and even the entire hypolimnion get anoxic.
To better understand this process and to pinpoint the influence of the atmosphere on the water parameters, an owndeveloped Lander System was placed in front of the village of Mur on the south-western part of the lake at 20m water
depth. The Lander system is equipped with four sensors connected to a data logger that allows continuously measurements
of water temperature, pH, dissolved oxygen and electrical conductivity. Additionally, video survey was performed in the
deployment area to collect information on the lake bottom.
Water parameter data were collected from the 9th April 2015 until the 10th September 2015. Detailed Atmospheric data
obtained from Meteo Suisse were synchronized and compared to the monitored water parameters. A positive correlation
between water temperature, dissolved oxygen and wind speed could be identified. Our results indicate that wind induces a
downwelling current which gradually weakens with increasing stratification. Based on our data, the downwelling speed can
be estimated to 1 m/hour. Conductivity increased up to200 µS/cm in September. The unusually strong precipitations of
May 2015 were also monitored by the Lander. During this period the lake level rose of around 1 m coinciding with a marked
increase of conductivity.
Additionally, a significant decrease of dissolved oxygen was recorded during the monitoring period. Indeed, the
concentration of dissolved oxygen was at 11 mg/l in April and decreased to 3 mg/l in September. Hourly to daily dissolved
oxygen fluctuations reached in some cases variations of more than 1 mg/l. Similarly to the water temperature, strong
dissolved oxygen fluctuations can be attributed to wind forcing.
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Dwindling water resources from glacierized catchments:
Is mitigation possible?
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Ongoing glacier retreat is often source of concern for future water availability. This is especially true for summer months,
when glacier contribution to runoff is highest. In most cases, studies carried out in the domain focus on the quantification of
future impacts. The potential for possible mitigation strategies, on the other hand, is rarely addressed.
In our work (Farinotti et al., 2016) we started from the assumption that maintaining unaltered the runoff regime from
glacierized catchments is a desirable target. From that, we quantified the degree to which the expected changes in future
summer-runoff could be offset when artificially reallocating the water surplus expected during spring time (Fig. 1). Our
analyses are based on results from the glacier evolution model GloGEM (Huss and Hock, 2015), that was forced with
ensembles of temperature and precipitation time series derived within from the Coupled Model Intercomparison Project
Phase 5 (Taylor et al., 2012).
For the end of the century and integrated over the European Alps, we estimated that potentially about 1 km3 of water could
be seasonally reallocated in order to mitigate the expected changes. According to our results, this could allow offsetting as
much as 65% of the changes expected in the summer runoff from presently glacierized surfaces.
In a provocative assessment, we compared the above volume to the retention volume that could be provided when
installing artificial reservoirs in the areas becoming ice-free. Our analysis suggests that the installable volume exceeds the
volume required for achieving the maximal possible mitigation by more than one order of magnitude.
Obviously, the proposed strategy would not compensate for the overall reduction in annual runoff. By 2070-2099, glacier ice
depletion across the Alps could result in a total runoff reduction of about 0.73±0.67 km3 a-1.

Figure 1. Illustration of the mitigation-concept used in our study. Assuming that maintaining unaltered the present runoff regime (black) is
desirable, the expected regime change (red) could be mitigated by re-transferring the additional spring water (blue) to the summer months
(green). Figure adapted from Farinotti et al. (2016).
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Time lag of trend reversal after nitrate reduction measures determined
by tracer measurements in the Dünnerngäu, Solothurn
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Rising nitrate concentrations due to intense agriculture threaten the quality and safety of drinking waters in many places in
Switzerland and around the world. In the Dünnerngäu between Balsthal and Olten, nitrate concentrations surpassed the
quality target value for nitrate concentrations of 25 mg/L (GschV) in the 1980s at several of the production wells (see
Figure 1). Although nitrate concentrations did not yet exceed the tolerance value of 40 mg/L at the end of the 1990s, the
“Nitratprojekt” was founded in 2000 to establish measures to reduce the input of nitrate to the groundwater. A 2D particletracking model was implemented to determine contributing areas of production wells, groundwater travel times, and to
predict reaction times to nitrate reduction measures (Biaggi et al., 1999). In the first few years after the initiation of the
“Nitratprojekt”, nitrate concentrations decreased as predicted but then they stagnated or even increased again in some of
the wells (Figure 1).
To better understand this discrepancy, we quantified residence times in the saturated and unsaturated zone based on time
series of nitrate measurements from the pumping wells and measurements of environmental tracers (3H, 3He, 4He, 39Ar, and
85
Kr). These measurements are interpreted by means of a lumped-parameter model that explicitly considers the
unsaturated zone. Model parameters are estimated using a Bayesian inference scheme based on the Markov-Chain MonteCarlo method (Alikhani et al., 2016). We also assess the usefulness of both the nitrate time series and the tracer data in
constraining residence times and predicting nitrate concentrations. Finally, models with and without an explicit unsaturated
zone were compared to identify the effect of including the unsaturated zone on estimated residence times and predicted
nitrate concentrations.
We find that residences times of water and nitrate in the subsurface are longer than previously thought. The main reason is
relatively long transfer times in the unsaturated zone of 2 to 10 years, which were neglected in the particle-tracking study.
Generally, combining tracer data and nitrate time series leads to smaller uncertainties in nitrate predictions for wells,
especially where the available nitrate time series are relatively short (Well 6 and 10 in Figure 1). For some wells, however,
including tracer data results in a poorer agreement with the measured nitrate time series (especially well 5 in Figure 1).
Including the tracer data results in hydrogeologically more realistic parameter sets, even if predicted nitrate concentrations
look very similar to predictions from using nitrate time series alone. Finally, using nitrate time series alone, parameters of
the model with an explicit unsaturated zone cannot be estimated due to high parameter correlation. Thus, environmental
tracer measurements are indispensable to allow for a separation of residence times in the saturated and unsaturated
zones.
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Figure 1. Measured nitrate concentrations (black dots) and median (lines) and 67% credible intervals (shaded areas) of predicted nitrate
concentrations for five different scenarios.
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Use of Isotope data to quantify the interaction between the river Rhine
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A groundwater model has been built up to quantify the influence of the planned flood protection measures along the
Alpenrhein. One of the most important questions building up the model has been the interaction between Rhine and
groundwater, especially near the existing drinking water wells. The drinking water quality directly depends upon the fraction
of infiltrated Rhine water.
For model calibration purposes, the electrical conductivity (EC) measures at the drinking water well “Balanggen” near
Oberriet have been used. EC is quite a good tracer for quantifying the river infiltration into wells near the river, because the
river water values are considerably lower than the background values in groundwater. If the well is positioned further away
from the river, as this is the case at Oberriet, a mineralization takes place during the travel path to the well. This introduces
a new unknown parameter to the calibration process. To omit this problem, the 18O concentrations have been used for
model validation. 18O measurement values are provided by the NAQUA National Groundwater Monitoring at the
“Balanggen” well. 18O concentration remains stable during groundwater passage.
Two methods were applied to validate the model. The first method is derived from a path line method developed by Cordes
and Kinzelbach (1992) . Because the method is based on a continuous flow field, the water balance can be calculated
along the flow paths (Gmünder 2008). The method can be used to quantify the age and fraction of river water arriving at the
well. 100 flow paths have been started at the well every five days during the simulation period and were tracked back in
time. At the nodes where river water enters into the model, the measured 18O concentration of the river Rhine was applied
to the infiltrating water.
As a second method, a mass transport model has been setup (Figure 1). Along the river Rhine, the measured 18O
concentration was assigned to the water infiltrating into the groundwater. The 18O concentration at all other boundary nodes
was set to a background value. At the Alpenrhein valley, background 18O values of 10.3 have been measured (Kralik et al.
2011).
A good match between simulated and measured 18O concentrations could be achieved. The simulations showed a strong
time dependency of river water fraction and travel times. The mean fraction of river water is about 25%. The travel time of
water infiltrated during the high-water season is between 90 and 120 days. As a by-product of the calibration process, the
mineralization speed of EC could be quantified. It could be shown that 18O time series are well suited for the quantification
of river infiltration to wells with a travel time of some months. The 18O concentrations should be measured monthly to detect
the minimum and maximum values of the annual fluctuations.

Figure 1. Snapshot of the mass concentration model. As numerical problems would arise when using the absolute 18O values, the
differences between river water and background concentrations were simulated, scaling them to values between 0 and 100.
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Figure 2. Comparison of the measured and simulated 18O concentrations using the transport and the flow path method.
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Analysis of streamflow data of the Arve River at the Bout-de-Monde (CH) gauging station over the last four decades show a
statistically significant decrease in flows at the annual scale and especially during the summer seasonal maximum flows.
At the same time chemical elements that have a strong inverse relationship with flow, sulphates in particular, show at
significant increase especially during summer months. Other chemical elements such as Barium show a more complex
behaviour. We explore the relationship between the hydrological and hydrochemical trends in the framework of a
hydrochemical mixing model accounting for ‘geographic’ sources. While we acknowledge the limitations of this approach in
a large and heterogeneous catchment such as the Arve River, we believe that it offers useful insights into the
spatiotemporal sources of flow and in the mechanisms that underlie the observed temporal trends. The results are
consistent with the hypothesis that the relationship between hydrological and hydrochemical behaviour is mostly controlled
by shifting ratios of flowpaths accross an heterogeneous catchment. The trends in the hydrological and hydrochemical
fingerprints are consistent with changes in snow accumulation and melt processes and with an overall decrease in shallow
pathway flows.
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13.10
New data sources as new opportunities for urban flood modelling
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The context
Floods are one of the natural hazards that causes most annually damage worldwide (approx. 30% of total natural hazards
between 1900 and 2006) (Adikari and Yoshitani 2009). Due to predicted climate changes and migration to urban areas,
flood events are expected to become more frequent and with increased consequences (United Nations, Department of
Economic and Social Affairs, Population Division 2014). Urban floods caused by extreme rainfall (urban pluvial flood) are
strongly influenced by the variability of urban land-use and by the urban layout; so, tools to accurately estimate urban flood
risk, such as flood simulation models, need to include an accurate representation of the urban features (Fewtrell et al.
2011; Leitão et al. 2009), i.e., need to rely on fine-resolution (spatial and temporal) data.
New data sources are available, now what?
The digital revolution has been one of the key drivers of growth in post-industrial economies. Urban flood modelling and
risk management have also strongly benefited from the recent technological advances. As an example, new opportunities
are also becoming available regarding the sources of data for urban flood modelling; new technologies/ platforms, such as
van-mounted LiDAR (Light Detection And Ranging) and UAVs photogrammetry, made the generation of up-to-date submeter Digital Elevation Models (DEMs) and orthophotos possible. These new data sources can be used to improve urban
flood model results. The newly available orthophotos can help improving the capacity of estimating catchment infiltration
capacity (Tokarczyk et al. 2015) and the newly available DEMs can bring additional detail to runoff modelling (Leitão et al.
2016), leading to more accurate flood modelling results. However, these new data sources pose new challenges to
modelling, e.g.:
•
How deal with the increased computation time usually associated with the increase of data resolution?
•
How to combine these new data sets with existing ones?
Also, social networks and the Internet of Things are promising sources of urban flood information. More than ever, urban
dwellers are connected to the internet with mobile devices. But how can this large share of data be used to improve urban
flood estimation?
The future
Modelling urban pluvial floods is complex. It is not only as previously mentioned the need to take into account fineresolution data and its impact on simulation time; data available from social media sources are highly uncertain, creating a
challenges when used for, for example, model calibration. To resolve these challenges, existing methods will be upgraded
so that they can take the newly available and more prone to error data sources into account. Future advances in (parallel)
computational methods and in methods to deal with large quantities of data will enable us to better estimate the risk of
pluvial flooding in urban areas, leading to new opportunities for model calibration and real-time flood applications.
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Streamflow responses to CO2 – vegetation feedbacks in addition to
other climatic changes
Larsen, J., Trancoso, R., McVicar, T., McAlpine, C., Phinn, S.

Quantifying changes to the hydrological cycle and establishing their cause and effect is a significant research challenge
since many of these changes often occur simultaneously. One such change is due the expected feedbacks between
increasing concentrations of atmospheric CO2, vegetation water use efficiency, and runoff. However, these feedbacks are
poorly constrained, and generally not represented within land surface models. Nonetheless, they are attributed (in part) to
explain the global ‘greening’ of water limited regions (fertilization effect) in spite of variable rainfall trends, while impacts
within energy limited environments remain largely unknown. Recent predictions emphasise additional soil moisture
availability as a result of increased vegetation water use efficiency, and suggest this will enhance hydrological buffering
during drought. In order to test the potential impacts of these feedbacks on observational data, we assess trends in
baseflow across a large climatic gradient in Australia and separate the contributions of precipitation, potential evaporation
and ‘other factors’ on these trends. Using satellite based observations, our findings further reveal that these other factors
influencing baseflow trends are best explained by an increase in photosynthetic activity. These results provide the first
robust observational evidence that increasing atmospheric CO2, and its associated vegetation feedbacks are reducing
freshwater availability in already water-limited regions. In addition, these same feedbacks may be increasing baseflow
within energy limited regions, which has large implications for the global distribution of available freshwater resources.
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Integrated water management approaches – new paradigms
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The quality of the receiving waters, lakes and rivers has improved overall in Switzerland since the 60s with the development
of sewage systems, despite the demographic development and the proliferation of synthetic substances. More “soft”
decisions such as substitution or prohibition of hazardous substances have also contributed to this situation. Nevertheless,
many challenges are still present and are emerging in global water management. These challenges include climate change,
constant increase of imperviousness on watersheds, multiplication of persistent synthetic substances, lack of financial
resources ... There is a need to constantly develop new approaches, concepts and management tools.
Historically, different water sectors, directly related, were developed independently, in conjunction with the Swiss political
organization. Thus, sewage system, wastewater treatment plants, and finally receiving waters are too often managed
independently. This division has certainly helped in optimizing each sector, but conducted to lose the overview of the
system as a whole. An integrated approach, promoting links between sectors, is necessary.
An integrated sewer network-receiving water approach was for example developed in Switzerland, related to the General
Plan for Water Managament (PGEE), mandatory for each commune. As part of the PGEE, urban wet-weather water
management is based on the immission concept (Rossi et al, 2009), through the STORM directive (Brenni et al, 2007). For
its implementation, we first need to set expectations and goals for the receiving waters and, depending on these objectives
(immission), the acceptable emissions are defined (Figure 1).

Goals ?

Emissions

Immissions

Goals?

Figure 1. Illustration of the “emission - immission” concept. Goals are defined in the receiving waters, in terms of « immissions », that allow
to define the acceptable amout of discharges (emissions)

The receiving environment is somehow again at the center of discussions. This approach requires nevertheless skills in
multiple areas, whether in urban hydrology, hydrobiology, ecotoxicology, etc. Thus, a transdisciplinary approach is
necessary for its implementation.
STORM Directive is applied mainly for small streams. Only recently developments have focused on discharges in lakes.
The Léman21 project (www.leman21.ch), based on the case of the Bay of Vidy in Lake Geneva, is focused on the link
between micropollutants and their impacts on the lake environment. The project Elemo (www.elemo.ch) also allowed to
better understand the lake environment and the link between the urban watershed and the potential impacts of substances
released by human activities. Discussions are underway to define a “STORM Lake” approach, designed to better identify
the impacts of urban wet-weather discharges to lake environments.
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In these developments, the currents plays an essential role in estimating the impacts of discharges. 3D modeling tools in
lacustrine environments, validated by field measurements, help in advancing towards a better understanding of implicated
processes, but at the cost of a major effort for data acquisition and modeling. Hopefully, all lakes in Switzerland will be
modeled, thus facilitating a better understanding of potential impacts.
In terms of water management, many projects are going in the direction of integrated management, including also sectors
such as drinking water, hydrogeology, agriculture, recreational activities ... The main obstacle to this integrated vision,
encouraged by the Confederation (Schaffner et al. 2009), is not related to technologies, but more institutional. Participants
in a conference like the SGM can play a key role in integrated approaches, developing multidisciplinary research and
analysis outside their research comfort zone.
Through various examples, this presentation will illustrate some case studies and will suggest ways to promote and develop
an interdisciplinary and integrated approach for water management.
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13.13
Challenges of groundwater management and protection in urban areas –
Examples from the Basel area
Peter Huggenberger, Horst Dresmann, Jannis Epting, Matthias Müller & Stefan Scheidler
Applied and Environmental Geology, Department of Environmental Sciences, University Basel
(peter.huggenberger@unibas.ch ; http: //aug/duw/unibas.ch)

The urban agglomeration of Basel, located on the border with France and Germany, is one of the most dynamic economic
regions in Switzerland and also constitutes an international and national transport hub. The groundwater resources of the
region are located in aquifers made up of unconsolidated fluvial sediments in the valleys of the rivers Rhine, Birs and Wiese
as well as in the vulnerable karst areas of the Tabular and Folded Jura. Among other impacts, the quality and quantity of
groundwater is affected by the ongoing urbanization and the development of subsurface infrastructures. The densification of
land use affects the availability of water resources and also leaves measurable traces in the groundwater.
Urban subsurface resources and especially urban groundwater bodies are particularly vulnerable to environmental impacts
and their rational management is of major importance. Therefore, the development of optimization strategies should
consider simultaneously the numerous impacts on urban subsurface resources, such as infrastructure development or
groundwater and geothermal subsurface use.
Important issues of urban hydrogeology is the understanding of the changes due to the realization and operation of
infrastructure projects in the underground, the use of groundwater for cooling or as a heat resource. Urban areas are also
confronted with permanent use changes. This increasingly requires instruments that allow understanding and predicting the
development of quantitative and qualitative issues concerning ground water resources, to recognize the impact of the
various uses in a larger context and derive measures of resource protection.
Generally, infrastructure development in urban environments and associated alterations in land use only consider the
benefits for the improved infrastructure itself and planning largely takes the pragmatic form of engineering for short-term
economic objectives. This often leads to adverse effects concerning quantitative and qualitative issues of subsurface
resources including groundwater flow regimes, induced natural hazards and use conflicts in general. Alternative
approaches include the implementation of adaptive management schemes. Such schemes start with the definition of
particular profiles of systems (i.e. water supply). Together with the identification of system profiles, specific targets can be
defined that lead to overall goals for particular subsurface resources, in the case of groundwater i.e., the desired short and
long-term development of urban groundwater resources. The conceptual approach we propose includes the combination of
instruments that allow to adequately identifying influences of the various single impacts on the complete environmental
system. Thereby, both impacts that only affect the system in its immediate vicinity and impacts with influence on the system
on a regional scale are considered.
In recent years, the Applied and Environmental Geology group of the Basel University has developed, in cooperation and
on behalf of the cantonal authorities BS and BL and in the context of transnational projects, a system of tools that make it
possible to understand the current state of the different groundwater bodies in the Basel area. These tools are applied,
tested and further developed in the context of the construction of subsurface transport infrastructure, thermal management
of groundwater resources or scenarios techniques for the evaluation of river revitalisation measures in a transnational
context.
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Impact of nuclear produced thermal pollution on a lake with short
residence time - what can models resolve?
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Introduction-Thermal pollution can have considerable influence on water temperature in freshwater systems notably
affecting stratification (Kirillin et al., 2013). Consequences can be seen across the entire aquatic food web (Barnett, 1971;
Cairns, 1971; Sylvester, 1972). The increased usage of aquatic systems as sinks and sources of heat necessitates detailed
investigations of the impact of thermal pollution on lakes and reservoirs. Here we investigate the impact of thermal pollution
on temperature and heat fluxes in the perialpine Lake Biel (7°10’E, 47°5’N, 39.3 km2 and 74 m deep). The lake has a short
hydraulic residence time of only 58 days and is under strong influence of the Aare tributary. The source of the thermal
pollution, the Mühleberg Nuclear Power Plant, is located 20 km upstream. The plant emits 700 MW (18 W m-2) as cooling
water into the Aare River. The aim of our study is to provide guidelines regarding model selection for studies of thermal
pollution in similar aquatic systems.
Materials and methods-The thermal consequences for Lake Biel was investigated with two hydrodynamic models. The onedimensional model SIMSTRAT (Goudsmit et al., 2002) and the three-dimensional model Delft3D-Flow <https://oss.deltares.
nl/delft3d>. The power plant is up for decommissioning scheduled for 2019. The influence of thermal pollution was therefore
investigated by running the models with and without thermal emission. The temporal variability of the lake was analyzed for
a cold (April to March 2010/2011) and a warm period (April to March 2013/2014).
Results and discussion- We observe a strong seasonal dependence in the lakes response to thermal pollution. By removing
the thermal pollution the lake cools down by ~ -0.3 °C between October and March. The corresponding value from April to
September was ~ -0.1 °C. The impact was marginally stronger for the warm period compared to the cold period. The
majority of thermal pollution (~60 %) leaves the lake through the Aare outflow. This is due to the lake’s short retention time
and the short distance between the Aare inflow and outflow (~8 km). Surprisingly we were able to reproduce this
throughflow accurately even with the one-dimensional model. The reason being the high discharge of the Aare which
quickly flushes the incoming heat out of the lake. The flushing was likewise observed in the three- dimensional model. This
model could furthermore resolve the path of the river intrusion within the lake. We could identify periods where the river
water travelled along the shoreline directly from the inflow to the outflow, thereby short-cutting the lake. Additionally the
spatial impact of thermal pollution was, as expected, better resolved by the three- dimensional model. With observed
temperature fluctuations up to –3.4 °C in Delft3D-Flow and –1.7 °C in SIMSTRAT.
We argue that three-dimensional models should be used to assess the spatial impact of extreme levels of thermal
pollution, which can have severe impact on biota. For overall system assessment one-dimensional models are
sufficient. However, care is required for aquatic systems with short distance between the thermal source input and
outflow.
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Figure 1. Temperature change in Lake Biel (∆T) due to removal of thermal pollution. Displayed as percentage of total volume for Delft3DFlow (a, c) and SIMSTRAT (b, d) during cold (a, b) and warm (c, d) period.
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Mass Flux of Micropollutants in Cities – Challenges in Urban Hydrogeology
Mario Schirmer1, Andreas Musolff2 & Dirk Radny1
Eawag, the Swiss Federal Institute of Aquatic Science and Technology, Department Water Resources and Drinking Water,
Ueberlandstr. 133, 8600 Duebendorf, Switzerland (mario.schirmer@eawag.ch)
2
Helmholtz Centre for Environmental Research - UFZ, Department of Hydrogeology, Permoserstr. 15, 04318 Leipzig, Germany

1

Urban areas are a focus of increasing conflict with regard to water use and water protection. More than half of the world’s
population (54%) and about 73% of Europeans live in cities (UN 2014). As a direct and/or indirect consequence of human
activity, urban water systems are frequently polluted with organic contaminants. Many of those are related to human
behaviour and activity, such as pharmaceuticals, personal care products (collectively PPCPs) and endocrine-active
substances, and are increasingly found in urban water systems (Schirmer & Schirmer 2008). However, the fate and the
effects of these contaminants in the environment have been widely unknown until now. Consequently, an interdisciplinary
project on the assessment of risk of urban water pollution, focussing on PPCPs and endocrine-active substances, has been
perfomed at the UFZ in collaboration with Eawag and other research partners. The aim was to explore new integrated
methodologies (including flux calculations as well as chemical and biological investigations) for determining the impact of
human activities on urban water systems and on processes within the urban watershed. The overall goal was to assess the
risks to humans and the ecosystem, and to support the development of suitable management strategies.
Our research on urban water in large cities like Leipzig and Halle/Saale (Germany) focused on the source, distribution and
transport behaviour of micropollutants as indicator substances for the anthropogenic impact on the urban water system
(Schirmer et al. 2013). The micropollutants reported here are low concentrations of highly eco-toxic micropollutants including
PPCPs and industrial chemicals, most of them can be endocrine disrupters. The concepts presented required a new
methodology for assessing human activities on the urban water system and processes among urban watersheds. To this end,
we used different approaches in relation to the hydrogeological and hydrodynamic situation of the cities of Leipzig and Halle.
In Leipzig in a first approach, we used a concept of various urban land uses and their influence on the urban water system.
At both sites investigated, we demonstrated the use of indicators consisting of hydrological parameters and compoundspecific patterns of complex organic substances. These indicators helped to balance urban substance fluxes and assess
urban effects on surface water quality (Musolff et al. 2009).
In a further study, a new methodology to estimate mass flux from leaky sewers was developed. Using average
concentrations derived by Integral Pumping Tests (IPT) up- and downstream of a leaky sewer, we calculated two mass flow
rates. The difference between mass flow rates up- and downstream yields the mass flow rate per length of the sewer. For
chloride, e.g., as wastewater indicator a mass flow rate 7.8 g msewer-1 d-1 was estimated.
The new methodology can be used in field studies to give average exfiltration rates from leaky sewers into groundwater for
desired target substances under specific conditions. The results are more reliable than point sampling, because the
heterogeneity of the exfiltration from the leaky sewer is overcome by this approach. The obtained values can be used as
input for transport models in urban areas. The methodology is not suitable to obtain mass fluxes from a complete sewer
network, because the effort for the operation of the pumping wells and the sample analysis in the laboratory is too large to
realize it on a larger scale. The applicability of the new methodology also depends on background concentrations and
exfiltration rates from the sewer. Due to dilution during pumping, a strong concentration difference between upstream
groundwater and the potential source is needed to obtain reliable mass flow rates. Effects of sorption and biodegradation on
the concentration distribution downstream of the leaky sewer have to be considered in future work on micropollutants.
In conclusion, identification of anthropogenic impacts on urban waters is often not easy by means of concentration
measurements. In many cases, the concentration input is too low and retardation as well as degradation processes mask
this influence. More promising is the investigation of the contaminant mass fluxes, although these methods are, by far, more
extensive, especially as the water fluxes have to be determined using a model that integrates groundwater, surface water
and soil water.
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Citizen science in hydrology: stream level observations and their
potential value for constraining runoff models
Jan Seibert, Barbara Strobl, Simon Etter, Marc Vis and Ilja van Meerveld
Department of Geography, University of Zurich, Winterthurerstr. 190, CH-8057 Zürich

The project CrowdWater will explore opportunities for citizen science approaches in hydrology. Here, we present first results
on one aspect, namely the potential value of crowd-based stream level observations for model calibration. Hydrological
models with a low number of parameters are often able to simulate streamflow reasonably well but rely on model
calibration, which makes their use in ungauged basins challenging. Stream levels are easier to measure than streamflow
and can be observed by citizen scientists. We recently demonstrated that stream level data, instead of streamflow data, are
useful for constraining a simple runoff model. This suggests that if stream level observations are available for otherwise
ungauged catchments, these data can be used to constrain a runoff model and to generate simulated discharge time series
from the level observations. However, the challenge with crowd-based stream level data is that observations are taken at
irregular time intervals and with a limited vertical resolution. The latter is especially the case at sites where no staff gauge is
available and relative stream levels are observed based on (in)visible features in the stream, such as rocks. Here, we
pretend that stream level observations are available at a limited vertical resolution by transferring the data into stream level
classes. The model was calibrated with these hypothetical data sets and subsequently evaluated on the observed
streamflow record. Our results indicate that stream level data can result in good streamflow simulations, even with a
reduced temporal resolution of the level observations. Time series of only two stream level classes, e.g. above or below a
rock in the stream, were already informative, especially when the class boundary was chosen towards the highest levels.
There was some added value in using up to five stream level classes but there was hardly any improvement in model
performance when using more classes. These results are encouraging for citizen science projects and provide a basis for
designing observation systems that collect data that are as informative as possible for deriving model-based discharge time
series for previously ungauged basins.
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Groundwater and low flows in Switzerland – Part 2:
Efforts to consider the spatial component of groundwater surface water
exchange in a bucket-type hydrological model
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Longer dry spells can become critical for water supply and groundwater dependent ecosystems. During these dry spells
groundwater is often the most relevant source for streams. Hence, the hydrological behavior of a catchment is often
dominated by groundwater surface water interactions, which can vary considerably in space and time. While classical
hydrological approaches hardly consider this spatial dependence, quantitative, hydrogeological modeling approaches can
couple surface runoff processes and groundwater processes. Hydrogeological modeling can help to gain an improved
understanding of a catchment during low flow. However, due to their complex parametrization such hydrogeological models
are not applicable for larger catchments or a set of several catchments. In these cases bucket-type hydrological models
remain a practical alternative. In our project we try to combine the strengths of both the hydrogeological and bucket-type
hydrological models to better understand low flow processes and ultimately to use this knowledge for low flow projections.
Bucket-type hydrological models have traditionally not been developed with focus on low flow simulation. One consequence
is that interactions between surface and groundwater are not explicitely considered. Water in bucket-type hydological
models is commonly simulated to flow only in one direction from the groundwater to the stream but not from the stream to
the groundwater. This latter flux, however, can become important during low flow situations. We thus further developed the
bucket-type hydrological model HBV to simulate low flow situations by allowing for exchange in both directions i.e. also
from the stream to the groundwater. The HBV exchange box is developed by using a variety of hydrogeological models as
training set. In this way processes that occur in different spatial settings within the catchment are translated to functional
relationships and effective parameter values for the conceptual exchange box can be extracted. We show the development
as well as the application of the HBV exchange box and compare the simulations to benchmark models without
groundwater surface water interaction.
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Transport and mixing in Lac Léman
Andrea Cimatoribus1, Ulrich Lemmin1 and D. Andrew Barry1
1

Ecological Engineering Laboratory (ECOL), IIE ENAC EPFL, Station 2, CH-1015, Lausanne (Andrea.Cimatoribus@epfl.ch)

Lake Geneva (Lac Léman) is the largest freshwater body in Western Europe. It is a deep peri-alpine lake whose importance
stems from being not only an essential freshwater source in the region, but also a major tourist destination, a fishery and a
waterway. Its dynamics have been the subject of long-term monitoring and study, and its response patterns to wind forcing
(the major forcing) are relatively well understood (e.g. Lemmin et al. 2005). On the other hand, the large-scale organisation
of the water circulation is less well known; the associated transport properties are even less clear.
The interest in the transport of water parcels inside the lake is linked to the inflow of sediments and pollutants from the
tributaries, in particular from the Rhône River, the major one in terms of water and sediment discharged into the lake. Most
of the sediments entering the lake through the Rhône are believed to sink in the eastern part of the lake (Giovanoli, 1990).
More recently, Halder et al. (2013) traced, using stable isotopes, water parcels from the Rhône River in the entire lake
basin. This study demonstrates that the water entering the lake from its main tributary has a complex distribution inside the
whole basin. How this distribution is established and evolves in time is, however, mostly unknown.
The Ecological Engineering Laboratory of EPFL is trying to shed further light on this issue, by combining observational and
numerical modelling tools. In particular, up to 6 Acoustic Doppler Current Profilers (ADCP’s) have been simultaneously
deployed at various locations inside the lake. This data, together with available historical data, is being used to validate a
hydrodynamic model of the lake, implemented using Delft3D code.
Various passive-tracer release experiments were conducted using the numerical model, investigating the relative
importance of wind-forcing, depth of release, stratification, and the Rhône discharge rate, for the spreading and mixing of
the tracers. The preliminary numerical results confirm that the northern and southern coastal regions are preferred initial
pathways for the transport of the Rhône discharge. More interestingly, the numerical simulations unmistakeably show that
the transport of the Rhône River water inside the lake is highly inhomogeneous in space, and highly intermittent in time,
even ignoring the discharge variability itself. This intermittency should be taken into account, in particular when interpreting
point measurements, isolated in time. From a practical point of view, this is likely to have an important effect on the nutrient
and oxygen availability, as well as on the concentration of pollutants. From a more fundamental point of view, this study
contributes to further understanding the mixing processes in rotating, stratified flows at length scales where rotation is an
important but not the only dynamic process (Rossby number small but non-zero).

Figure 1. Filled-contours plot (logarithmic
scale) of the simulated concentration of a
passive tracer released from the Rhône
river mouth (south-eastern end of the
basin). The figures shows the results
approximately 4 months after the beginning
of the numerical simulation.
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Monitoring of alpine lakes: approach and results from Canton Ticino
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Alpine environments are facing global pressures including climate warming and deposition of air pollutants. The southern
slope of the Central Alps (including Canton Ticino, Switzerland) is highly affected, due to its proximity to the heavily
industrialised Po Valley, Italy. For example, in Canton Ticino, atmospheric deposition of nitrogen (N) ranks among the
highest recorded in mountain areas worldwide (up to 30-40 kg ha yr-1; Steingruber, 2015) while regional temperatures have
been increasing nearly twice as fast as the global average (MeteoSwiss, 2016).
To evaluate the effects of these pressures on the alpine catchments of Canton Ticino, the Swiss Federal Office for the
Environment (FOEN) has funded a twofold programme of environmental monitoring. One programme, coordinated by the
canton-level environmental protection agency, comprises the extensive survey of 20 mountain lakes and three streams. The
second programme, run by the University of Applied Sciences and Arts of Southern Switzerland, focuses on the catchment
of one of the lakes included in the extensive survey (Lago Nero), which is however monitored more intensively. The goals
of these programmes are complementary. Whereas the extensive monitoring was designed to assess the spatial extent of
the impacts of atmospheric deposition, the intensive programme aims at developing predictive models of ecosystem
responses to environmental change. Together, these programmes contribute to form a basis for decisions on environmental
management at national and international levels. The international influence of these programmes is enhanced through the
participation to working groups within the Convention on Long-range Transboundary Air Pollution of the UNECE, namely
the international cooperative programmes on waters (ICP-Waters, which involves the extensive programme) and integrated
monitoring (ICP-Integrated Monitoring, which involves the intensive programme).
Surveying methods vary according to the programme goals. The extensive monitoring programme places emphasis on the
chemistry of surface waters during the ice-free season, although biological responses (benthic invertebrates) are also
measured at a subset of lakes. The intensive programme at Lago Nero measures a wider array of ecosystem responses,
including runoff quantity and chemistry, catchment soil composition and the species composition of terrestrial vegetation.
Sampling frequency depends on the response, varying from nearly continuous (e.g. runoff) to every five years (e.g. soil and
vegetation).
The extensive programme has been running for over 30 years and has yielded most results so far. A main goal of the
programme was to assess the effects of acid deposition, which was most severe in the 1970s and 1980s. The long-term
results have chronicled a remarkable recovery in the chemistry of the deposition and the water of receiving lakes, which
reflects international efforts to manage sulfur (S) emissions (Rogora et al., 2013). For example, between the early 1980s
and 2013, most of the lakes have displayed trends toward lower concentrations of sulfate (13 of 20 lakes) and higher
alkalinity (14 of 20). However, nitrate has decreased less frequently (7 of 20), probably because N deposition has declined
comparatively less and more lately than S deposition.
The intensive programme started in 2014 with a pilot study, and the results are preliminary. Nonetheless, the high N
concentrations recorded at the outlet throughout the 2014-2015 hydrological year (including the vegetative season) indicate
that the soils of Lago Nero’s catchment have become saturated with this nutrient (Stoddard, 1994). The leaching of N to
surface waters, including the lake itself, means that these waters may be affected by enriching (eutrophying) effects,
including increased biomass of phytoplankton and phytobenthos, and (potentially) a reduced efficiency in the transfer of
nutrients and carbon through the food web (Lepori & Robin, 2014). Future investigations will examine these responses
more closely, as well as other ecosystem features, such as the timing of ice-out and snow melt, runoff generation and the
temperature of surface waters.
Mountain catchments offer valuable vantage points to monitor global environmental changes, because they are often
remote and free from local pressures. Moreover, because of their vulnerability, these catchments are considered to be
among the most sensitive sentinels of environmental change (Beniston et al., 1997). As climate warms and N deposition
increases at the global scale, monitoring programmes in mountain catchments will become increasingly important to detect
the effects as early as possible and prevent damage to these important landscape features. Because the southern slope of
the Alps appears to be changing particularly fast, monitoring programmes in this region might play an especially important
role in detecting early signal of change.
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Trend of drought conditions based on meteorological index detection in
the Upper Rhone River Basin, Valais, Switzerland
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Drought is a phenomenon resulting from persistent low precipitations that generally affects larger areas and more people
than any other natural catastrophes. It is commonly classified as meteorological (rainfall deficiency), agricultural (insufficient
soil moisture) and hydrological (deficient surface and subsurface water supply) droughts. Comprehensive hydrometeorological monitoring of drought requires a variety of indicators and indices that accurately reflect and represent the
impacts being experienced during drought events.
Among different available meteorological indices, the Standardized Precipitation Index (SPI) stands out. The SPI (McKee et
al. 1993) uses historical precipitation records for a given location and can be easily computed for various timescales, from 1
to 48 months or longer, with different available tools (e.g. Travaglini et al. 2016). Its analysis enables the detection of
drought events, thus leading to effective monitoring (Hayes 2011). SPI can be used to identify short periods of precipitation
deficiency –related to meteorological droughts– as well as long periods –related to agricultural or hydrological droughts
(WMO 2012).
This approach was applied to the Upper Rhone River Basin, located in the Alps upstream of Lake Geneva, in Switzerland.
Covering a surface of 5’524 km2 with 658 km2 of glaciers, this basin is characterized by elevations varying from 372 to
4’634 meters. Using historical rainfall data from 1981 to 2015, the SPI was calculated for 13 meteorological stations
situated within and to the proximity of the basin and for timescales of 1, 6 ,12 and 24 months.
The analysis of the 24 month SPI helped identifying two main consistent dry periods throughout the studied area in 20042005 and 2010-2011 (see example of Zermatt in Figure 1). In addition, a trend analysis using the Mann-Kendall test was
performed (Figure 2) and showed a general decreasing trend of the SPI values, which indicate the worsening of dryness
conditions over the study period. A Mann-Kendall test applied to the meteorological data set also indicates general
decreasing of rainfall and increasing of temperature.
Based on meteorological data, the present study reveals a deterioration of climatic conditions from 1981 to 2015 in the
Upper Rhone River Basin that may result in drier periods, and even in drought events, in the future. Moreover,
demographic, agricultural and climate change may lead to a reduction and over-exploitation of water resources, and further
threat of water supply with expected socio-economic and environmental consequences.

Figure 1. Evolution of SPI values resulting from the Zermatt meteorological station. Red/blue thresholds (McKee et al. 1993) used for the
detection of SPI-based droughts (in orange).
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Figure 2. Trends in the SPI values between 1981 and 2015, with a 95% level of significance.
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The riverine export of biospheric carbon to the ocean, where it is eventually deposited in marine sediment and hence
preserved from oxidation, is an important long-term carbon sequestration mechanism. In actively eroding areas, high
discharge events appear to generate high export fluxes of particulate organic carbon (POC). These events mobilize larger
proportions of modern organic carbon over petrographic carbon in comparison to background discharges, probably due to
topsoil erosion (e.g. Hilton et al., 2012; Smith et al., 2013). However, detailed information on the sources and mechanisms
of organic carbon mobilization in the stream network is still scarce.
The POC exported by three alpine headwater catchments in the Alpthal (Central Swiss Alps) was sampled during rainfall
and analyzed for alkanes, n-alkanoic acids and glycerol dialkyl glycerol tetraethers (GDGTs). The results were compared to
samples collected during background conditions.
This study aims to describe the response of different biomarkers to rising discharges to quantify the influence of hydrology
on the exported biomarker signal of the POC and, if possible, to fingerprint the sources of the carbon in the landscape that
are mobilized with increasing discharge. Additionally, the results were compared to a series of samples taken further
downstream, on the Sihl River, to see how the signal from the first-order tributaries impacts the composition of POC in
higher order streams.
Preliminary results suggest that all biomarkers respond to changes in discharge, however the changes are small
introducing large uncertainties in the carbon source fingerprinting. Nevertheless, the results point out the need to conduct
biomarker studies in upstream reaches of the fluvial network at representative discharges (i.e. above average background
discharges) to avoid influences from hydrology. In the Sihl River, discharge does not influence the biomarker content of
POC anymore but seasonal controls seem more dominant.
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Numerical investigation with a coupled single-column lake-atmosphere
model: An application to Western Switzerland
Stéphane Goyette
Institute for Environmental Sciences, University of Geneva, 66 boulevard Carl Vogt, 1205 Geneva

The potential of a novel atmospheric single-column model (SCM) developed in the framework of the Canadian Regional
Climate Model, CRCM, driven by NCEP-NCAR reanalyses is investigated. The approach to solve the model equations and
the technique described here may be implemented in any RCM system environment as a model option. The working
hypothesis underlying this SCM formulation is that a substantial portion of the variability simulated in the column can be
reproduced by processes operating in the vertical dimension and a lesser portion comes from processes operating in the
horizontal dimension. This SCM offers interesting prospects as the horizontal and vertical resolution of the RCM is ever
increasing. Due to its low computational cost, multiple simulations may be carried out in a short period of time. In this
paper, a range of possible results from changing the lower boundary from land to open water surface, and varying model
parameters are shown for western Switzerland (Fig. 1). The benefit of using Newtonian relaxation, or “nudging”, is
demonstrated. Results show that air temperature, moisture and windspeed profiles are modified in a coherent manner in
the lowest levels. Such changes are consistent with those of the surface vertical sensible, latent heat and momentum
fluxes. Compared to atmospheric profiles over land, switching to and open water surface representative of Lake Geneva
over the annual cycle of 1990, air temperature is increased by up to 1°C during the autumn and winter seasons, and by
0.5°C during the spring and summer seasons. Specific humidity is increased by up to 0.2 g kg-1 during the autumn and
winter seasons and decreased by 0.3 g kg-1 during the spring and summer seasons. The increased windspeed at the
surface, often more than 1.5 m s-1, is due to the smaller roughness height. The surface radiation and energy budgets are
also modified subsequent to the different partionning of the latent end sensible heat fluxes, but also the solar and thermal
infrared fluxes undergone siggnificant changes. The question of how the open water and the overlying atmosphere interact
and which of these “factors” has the most influence also needs attention. The sole presence of the lake is shown to be a
major feature with regard to the surface energy budget components whose contributions counteract those of the lower
atmosphere, thus supporting the fact that Lake Geneva acts as a damping factor to the regional climate system. It is also
shown that not only did the presence of the lake and the overlying atmosphere independently modulate the surface energy
budget, but also the synergistic nonlinear interaction among them, either positive or negative, was often found nonnegligible. Moreover, some processes may turn out to be important on short time scales while being negligible on the long
term as shown in Goyette (2016).

Figure 1. Atmospheric
boundary-layer temperature,
specific humidity, and
windspeed mean profiles
over land and open water
surfaces for three one-month
time-periods, selected for the
analysis of this case study.
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Numerous groundwater recharge models exist that vary in terms of model complexity and structure (Crosbie et al., 2011;
von Freyberg et al., 2015). Complex physically based models are often considered to be more robust in the predictions,
however, the computational expenses might constrain their use for certain applications (e.g., long-term predictions of
climate change scenarios). A few studies indicate that model robustness in more simple models can be enhanced with
longer calibration periods that contain climatically contrasting conditions (Moeck et al., 2016). In that context, an implicit
assumption is made that model parameters calibrated over historical periods are also valid for the predictions. However,
non-stationarity of model parameters can occur, suggesting that certain historic time periods might be more useful for the
identification of the parameter space while others might be less informative. Very few studies exist which investigate the
effect of chosen model complexity and calibration period on performance and robustness of groundwater recharge models.
Therefore, we systematically compared four groundwater recharge models (soil-water balance equation, lumped models
and physically-based models) within a stochastic framework by using a long-term data set from a large-scale weighting
lysimeter in northern Switzerland. To evaluate model robustness, all models were calibrated on lysimeter recharge data with
six different calibration periods that cover a wide range of contrasting climatic conditions, i.e. from very wet to very dry. We
then analysed the models’ performance for climatic conditions that were very different to those during the calibration
periods (differential split sample test).
We demonstrate that an acceptable model performance during the calibration period does not ensure reliable groundwater
recharge predictions under contrasting climatic conditions. The deviations between simulated and observed groundwater
recharge, however, is a function of the chosen model complexity. We also show that the more complex, physically-based
models best reproduced observed recharge, even when calibration and prediction periods had contrasting climatic
conditions. In contrast, the performance of the soil-water balance model and the lumped model depended strongly on the
chosen calibration period. Our analysis suggests that the uncertainty in model parameters was less important than the
model structure itself, so that the robustness of each individual model followed the degree of model complexity. It can be
argued that physically-based models have a greater potential to obtain predictions beyond the range of conditions during
calibration. It is however, still difficult to provide general guidelines on how to choose an optimal calibration period, since
model performance seems to depend more on the model complexity and structure rather than on the calibration period. The
results obtained here have important implications when using recharge models as decision-making tools in a wide range of
applications (e.g. water availability, climate change impact studies, water resource management, etc.).
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Dynamism of spatial planning to improve management of urban
expansions and the effect of water ressources of Meknes city.
Contribution of multisource spatial imagery.
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This work concerns the dynamics of land use in Meknes city using multi-temporal, multi-source data and multi-sensors. In
order to move towards good design development of the city.
the main objective of this study is to analyze the problems caused by urban development of Meknes city, the effects of
urban and peri-urban expansion on the environment by studying the environmental factors that are leading this
development (climate, humidity , hydraulics, agricultural networks, etc.) and spatial factors (direction of propagation, form of
city form of buildings and neighborhoods, etc.) to get ideas on the scenarios of urban expansion and management integrate
new strategies to control new issues and criteria to be temporal, spatial planning for better. This work is based on several
data and methods such as (multi-date imagery satellite, land uses plans, land management, and other factors.
The results are thematic satellite imagery and interpreted and analyzed maps, in order to have results in good well-planned
design city for best urban management.
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Large parts of the city Zürich are built upon the fan delta of the river Sihl. This is a densely built up area, with partly
sensible infrastructure like the central railway station and shops, all with high damage potential. During the flood in 2005 no
great damages occurred, but this event showed the vulnerability of the city Zürich. A subsequent assessment indicated that
there is acute need for action regarding flood management in the catchment of the lake Zürich – river Sihl – river Limmat.
Based on these findings, the WWEA (cantonal Office of Waste, Water, Energy and Air of the Canton of Zürich) initiated the
implementation of various short and medium term measures. In parallel the planning of a long-term flood protection of the
river Sihl was launched. In a first phase different solutions were studied. Finally, two concepts were evaluated: a “bypass
discharge tunnel” (DT) in the lower section of the lake Sihl , hereafter called “spillway tunnel” (ST) and a “combination
solution energy” (CSE), where the hydropower plant at the lake Sihl is upgraded and additional water can be released from
the lake Sihl to the lake Zürich.
With the numeric hydrological model PREVAH the discharge was simulated, which provided the input data for the hydraulic
1d-model FLORIS and a 2d-model of the river branch at the outlet of the lake Zürich. Scenarios of accumulated
precipitation with return period of 300 years for durations of 48 and 72 hours have been designed and propagated through
the system. by laying the focus of the rainfall over one of these sub-basins and by assigning to the remaining areas a
precipitation scenario with a 50 years return period.
The hydraulic model FLORIS simulated the lake level and the discharge of the river Sihl and Limmat, both without and with
the relief concepts ST, DT and CSE. Furthermore, the hydraulic 2d-model BASEMENT allowed exploring the sensitivity of
the channel between the lake outlet and the river-runout power plant located at Zürichweir Platzspitz. Simulation
experiments identified that ST, DT and CSE have impact on the level of the lake of Zürich. Nevertheless, the diversion of
water from the Sihl catchment into the lake Zürich has for a 300-year precipitation event a comparatively small influence on
the level of lake Zürich. Under the actual configuration, the lake Zürich level could additionally rise about 5 cm in case of a
diversion of water from the Sihl catchment.
This study proved that the diversion of the river Sihl, either with ST, DT or CSE, would not affect drastically the residents
along the lake Zürich. But the water level rise of about 5 cm might causes increased vulnerability to damages. Adequate
solutions to compensate for these effects are needed. A first option in this respect is the preventive drawdown of the lake
Zürich level before a possibly critical event. A timely decision in this respect based on flood forecasts could compensate for
the additional flood volume stemming from the diversion of the river Sihl. Furthermore, the 2d hydraulic simulations
demonstrated that several local construction measures in the river branch between the lake Zürich outlet and the weir
Platzspitz could contribute to increase the outflow capacity of the lake and thus reduce the impacts of ST, DT and CSE.
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Figure 1 Catchment of river Sihl and Limmat with sub-basins “river Sihl” (green), “lake Walensee” (red), “plain of the river Linth” (yellow)
and “basin of the lake Zürich” (violet); water deviation concepts: “spillway discharge tunnel” (STDT) and “combination solution energy”
(CSE). Small map: confluence of river Sihl into Limmat with hydrological measurement stations at Sihlhölzli and Unterhard and with the
weir Platzspitz which regulates lake Zürich. GIS elements reproduced by kind authorization of “swisstopo” (JA022265), BFS GEOSTAT/
BUWAL.
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On the current year intense rain events have led to flooding at the Municipality of Muttenz, on the Northwestern
Switzerland. The floods took place at the point where the ‘Dorfbach’ stream (small drainage basin of approximately 5.5 km2)
is diverted through a separate sewerage system until the Rhine River. At the inlet of the conduit, an overflow to the
combined sewerage towards the treatment plant is allowed, for increasing the capacity of the water drained.
The objective of this study is not only the assessment of the capacity of the sewerage under the weather conditions of May
14th and June 25th, but also to understand the occurrences of the floods. For evaluating the sewerage system, a SWMM
model is developed (using the information of the net given by the municipality). To judge the floods incidences in terms of
the capacity of the sewerage, the model is run with the precipitation estimations of radar images provided by MeteoSwiss,
which were improved using the measurements at the station Schweizerhalle of the ‘Lufthygieneamt beider Basel’.
Precipitation events are furthermore investigated independently, rating the fallen amount of water in comparison to previous
years and evaluating the catchment respond to both meteorological events. An analysis of the events’ behaviour is
performed to identify hydrological effects and conditions that led to the inundations, using the concept of entropy to
describe the rain distribution within the days.
With this study it is possible to conclude that even though the capacity of the sewerage was not enough to drain the water
of the stream, both storm events are over the established design thresholds, highlighting the necessity to understand the
mechanisms that lead to floods in small drainage basins to be able to account their responses in the designs.

Figure 1. Rainfall-Runoff for the Dorfbach stream modelled with SWMM.
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In Switzerland, Quaternary deposits have been widely explored for hydrogeological, geotechnical or geothermal purposes,
in particular by means of boreholes. For instance, about half of drinking water supply comes from aquifers located in
Quaternary formations. The GeoQuat project has been therefore launched by the Federal Office of Topography swisstopo
in cooperation with the Federal Office for the Environment FOEN and the Federal Office of Energy SFOE in order to i)
develop a system for structured storage of unconsolidated rock data (QLG database), ii) realize 3D geological and
parametric models (voxel models) of Quaternary deposits, and iii) make them accessible to users working in the different
fields of applied geology. The first task mainly consists in data harmonization and pre-processing, while the second and
third include data processing (modeling) and post-processing. Specifics about data harmonization, pre-processing and
modeling are detailed in Volken et al. (2016). In this abstract, the focus is given on the post-processing of 3D parametric
models for deriving exemplified maps of groundwater volumes and groundwater vulnerability.
3D parametric models aim to simulate the heterogeneity of material properties, such as the spatial distribution of hydraulic
conductivity (K). One of the simplest and straightforward method for realizing 3D parametric models is geostatistical
processing coupled with voxel modeling. In this framework, a volume is subdivided into regular cells (voxels) and
geostatistical algorithms, e.g. kriging, are subsequently used to interpolate available raw data to each voxel. In GeoQuat, all
lithological layers in the QLG database are classified trough the Unified Soil Classification System (USCS). On the basis of
a norm (e.g. SIA SN 670’010) or on a methodology taking into account the grain size characteristics of soil materials, it is
then possible to link the USCS of each lithological layer to a numeric value representative of the layer hydraulic conductivity
(Fig. 1a). In the pilot region Birrfeld (AG) of the project GeoQuat 1’581 boreholes for a total of 19’794 lithological layers
have been captured and classified. All layers have been linked to a value of hydraulic conductivity, expressed as
log10(K[m/s]) and used as input data for building a 3D hydraulic conductivity model of the pilot region. Fig. 1b illustrates a
cross section through the 3D parametric model which consists of 6’050’254 voxels of size 25x25x2m. An anisotropic
searching ellipsoid has been used to favor the ordinary kriging along the direction of the glacial flow. The modeling has
been realized with the software SGeMS (Remy 2004).
Once the 3D voxel model is constructed, it can be used to post-process maps whose elaboration depends on subsurface
characteristics. A good example are maps of groundwater volumes and groundwater vulnerability (Fig. 1c). For the
derivation of maps of groundwater volumes, the 3D hydraulic conductivity model is merged with the surfaces representing
average groundwater table levels of Birrfeld aquifers. A python code (Python Software Foundation 2016) scans each
vertical column of the 3D voxel model and for the permeable voxels (i.e. K >10-5 m/s) situated below the groundwater level,
the code converts the voxel hydraulic conductivity in porosity and calculates the voxel groundwater volume. By means of a
summation along the vertical column of voxels the groundwater volume is obtained for a cell of size 25x25m and the map is
generated by plotting the volume of each cell (Fig. 1c). For the elaboration of maps of groundwater vulnerability, the
vulnerability concept detailed in Philipp et al. (2006) has been adapted for 3D voxel models. Based on the 3D parametric
model and on the average groundwater table level, a python code scans each vertical column, considers only voxels
situated above the groundwater level and applies the concept of Philipp et al. (2006) to evaluate the protective effect of the
top layer and of the unsaturated zone and subsequently estimates the vulnerability of a given aquifer to surface
contamination.
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Figure 1. a) Schematics of a borehole log illustrating the link between layers lithology, USCS and K; b) cross section through the 3D
hydraulic conductivity model for pilot region Birrfeld (lateral extent 4.5km, vertical exaggeration 5x) and c) post-processed groundwater
volume and vulnerability maps.
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The largest lakes of Europe, namely lake Ladoga and lake Onego, are seasonally ice-covered, limiting studies to summer
periods. Moreover, boreal lakes are important producers of methane, a large part of which is released during thawing.
Within the “life under the ice” research program, our objectives are to assess for Lake Onego, during winter, the structure
and diversity of the sedimentary microbial communities and their relationship with methane production and degradation. In
order to do so, a 1.30 m-long core was retrieved from the ice-covered bay of Petrozavodsk in March 2015, and sampled for
microbiological analyses. Its lithology was then analyzed and DNA and RNA were extracted to investigate the subsurface
microbial diversity by high-throughput sequencing (HTS) of 16S rRNA genes and transcripts. Functional (mcrA and pmoA)
genes and transcripts involved in methane cycle were also quantified.
Along the 130 cm core, the microbial assemblages were structured in several zones. An oxic zone between 0 and 6 cm
was separated from a transitional zone between 7 and 10 cm by a sharp chemical and geological transition. At this depth,
measurements of in situ ATP levels and transcripts of archaeal and bacterial 16S rRNA showed a peak in microbial activity.
Below this, mcrA gene and transcript copies increased, implying methanogenesis. The latter was supported by congruent
carbon isotopes of methane allowing to define a methane production zone between 10 and 40 cm. The transitional zone
hosts methanotrophic organisms (ANME-2D) able to oxidize the produced methane anaerobically while the residual
methane is almost completely consumed in the oxic zone where methanotrophs were detected (pmoA gene and
transcripts). As a result very little methane diffused out of the sediment, making lake Onego a relatively low contributor of
methane to the atmosphere. Finally, the microbial communities from the 40 to 120 cm in the core were dominated by
uncultured Archaea belonging to the Miscellaneaous Crenarchaeotic Groups, very common in deep ocean sediment, and
allegedly well adapted to low energy environments.
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Physically-based hydrogeological models demand the a priori specification of a large number of uncertain parameters
distributed in 3D space. Making reasonable estimations of their values at the outset helps to constrain any subsequent,
automated calibration to the realm of physical plausibility. Thus, within a probabilistic framework, the parameter sets
deemed “acceptable” are more likely to be useful for prediction than if no prior had been specified, assuming the selected
performance criteria are appropriate. Developing predictive capability with respect to mountain hydrology is particularly
pressing given the sensitivity of such regions to climatic change. Here, the ongoing development of a 3D geological model
for the Nant / Anzeindaz region (Vaud Alps, Switzerland) is described. First, terrain and geological data (surface mapping
and interpretive vertical cross-sections) were compiled. Then, in the GeoModeller software, the geological units were
interpolated between the known reference points using geostatistics and geological rules. In the forthcoming phase,
hydrological parameters shall be assigned to each unit in order to construct a physically-based, fully-coupled groundwatersurface water representation of the catchment using the HydroGeoSphere code. The presence of karstic systems in the
region is expected to provide an additional challenge. Ultimately, the hydrogeological model will be employed to explore the
data worth of spatially-distributed field measurements obtained using novel techniques (drone surveys of water
temperature, dissolved gas concentration measurements to estimate water ages) in the processes of model parameter
estimation, calibration and evaluation.
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SismoRiv : Estimation du charriage en rivière à l’aide d’une mesure du
bruit sismique présent dans les berges
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Le transport solide, ou capacité d’un cours d’eau à transporter des sédiments, est le facteur principal influençant la morphodynamique des cours d’eau de montagne. L’estimation du transport sédimentaire, ou charriage, est habituellement
effectuée à l’aide des formules de la littérature et suppose une relation constante entre les débits liquides et solides. Cette
relation jugée satisfaisante à long terme subit une forte variabilité à court terme, la rendant inadaptée à l’analyse des
évènements de crue.
En 2011, le CREALP, en partenariat avec le WSL, a piloté la construction à Zinal (Val d’Anniviers, VS) d’une station de
mesure expérimentale basée sur une méthode d’écoute sismique utilisant la technique des « Swiss Plate Geophones »
(Rickenman 2014). Le principe est d’estimer le charriage à partir d’une mesure des vibrations émises par les sédiments
lorsqu’ils impactent le fond du lit (Figure 1A). Des géophones, installés sous des plaques métalliques elles-mêmes
disposées au sein d’une section bétonnée dans le lit de la rivière (Figure 1B), enregistrent ces vibrations. Une campagne
de calibration réalisée entre 2012 et 2013 a permis d’établir une relation entre le signal vibratoire émis et le volume
sédimentaire en transit. Bien qu’offrant de très bons résultats en matière de suivi quantitatif du transport sédimentaire, cette
solution s’appuie sur un dispositif de mesure intrusif nécessitant des investissements lourds et coûteux pour sa mise en
œuvre et limitant considérablement son déploiement à grande échelle.

Figure 1.A) Concept de mesure des « Swiss Plate Geophones », B) Application au site expérimental de Zinal

Les recherches de Burtin et al. 2011 montrent que les flux liquides et solides transitant au sein d’un cours d’eau génèrent
des vibrations qui se propagent à l’extérieur du lit. Sur la base de ces observations, confirmées par de récentes études
(Gimbert et al. 2014, Larose et al. 2015), le CREALP propose une nouvelle approche axée sur l’utilisation de capteurs
sismiques à bas coûts installés dans les berges de la rivière. Avec le soutien de l’OFEV dans le cadre de son programme
de Promotion des technologies environnementales, une solution de mesure (SismoRiv) a été développée et testée au
cours de l’été 2015 parallèlement aux mesures effectuées par la station de référence équipée des « Swiss Plate
Geophones ». Ce premier test a permis d’attester la faisibilté du concept de mesure. L’analyse préliminaire des résultats
obtenus confirme l’existence, au sein du signal sismique mesuré, de différentes composantes fréquentielles représentatives
des fractions liquides et solides du débit. Le débit solide (Qs SismoRiv) déduit des mesures sismiques réalisées avec la
solution Sismoriv (Figure 2) montre une bonne similitude avec les débits fournis par la station de référence (Qs Ref) et un
gain significatif par rapport aux estimations obtenues à l’aide des formules de la littérature (Qs Recking). Ces premiers
résultats encourageants mettent en évidence le potentiel de la solution de mesure SismoRiv pour le monitoring du
charriage.
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Figure 2.Comparaison d’estimations normalisées du charriage sur le site de Zinal obtenues via différentes approches métrologiques et
numériques.
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Numerous pockmarks were discovered in Lake Neuchâtel in 2012 during the acquisition of new swath bathymetric data
(Reusch et al. 2015; Reusch et al. 2016). Most prominent are four ‘giant’ pockmarks (80 to 160 m in diameter) located
along the northern lake shore in the extension of NW-SE or NE-SW oriented faults of the Jura Mountains. In addition,
numerous (>200) smaller pockmarks (up to 40 m in diameter) are present on the Molasse ridge in the central part of the
lake.
One of the giant pockmarks was more closely investigated (Reusch et al. 2015). The temperature and the water oxygen
isotopic composition of the sediment suspension filling the ~60 m deep pockmark crater indicates that the water originates
from the karst system of the Jura Mountains. Tertiary deposits are absent or minor at the positions of the giant pockmarks,
probably allowing vertical flow of artesian groundwater from the Malm aquifer through karstified Cretaceous units into the
overlying Quaternary sediments (Pasquier et al. 1999; Ndiaye et al. 2014). Up to now, however, it is unknown if karst water
indeed discharges into the lake via the pockmarks and how big that water volume would be. We are therefore installing a
monitoring system with temperature, conductivity and pressure probes, as well as an ADCP (Acoustic Doppler Current
Profiler) for continuously recording the hydro(geo)logical and sedimentological behavior of the pockmark in relation with
meteorological events in the Jura Mountains. This setup should allow assessing potential vertical water flow within the
pockmark crater and just above the pockmark surface.
Little is so far known about the origin and characteristics of the numerous smaller pockmarks located on an about 500 m
thick package of Molasse covered by 30–40 m of Quaternary deposits (Sommaruga et al. 2012; Reusch 2016; Reusch A.
and Gorin G., unpubl. seismic data). Their formation might be related to glacial erosion since some pockmark groups are
aligned in a SW-NE orientation consistent with scour marks observable in the swath bathymetric data. Alternatively,
fractures in the Molasse could give way to fluid and/or gas flow into the overlying Quaternary deposits. These hypotheses
as well as the degree of activity of the pockmarks will be investigated in the future.
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Rainfall is acknowledged to be an intermittent process and to present a fluctuating intensity in space and in time. For
technical reasons, its measurement involves either spatially integrated remote sensing data (e.g. weather radar images) or
temporally integrated in situ data (e.g. rain gauge measurements) which lead in both cases to misestimate the variability of
the rainfall process.
When the local structure of the rain is of interest, dense networks of tipping bucket rain gauges are commonly used
because they allow investigating rainfall variability within a single radar pixel. Several experiments have been carried out
involving more than ten rain gauges per square kilometer allowed to characterize the heterogeneity of the rain for time
scales ranging from days to hours under different climates (e.g. Krajewski et al, 2003; Peleg et al, 2013). However, for
shorter integration times, conclusions are biased by the limited resolution of standard tipping bucket rain gauges (0.25 to
0.1mm of rain height). As a consequence, the variability of the rainfall process at these scales is today inaccessible with
these instruments.
Here we propose to use high resolution rain gauges (Driptych Pluvimates, resolution: 0.01mm of rain height) to extend the
results of the previously mentioned experiments for the case of short integration times (up to one minute) using a network
of 8 gauges set up on an area of about 1km2. An analysis of the rainfall structure with Geostatistical tools shows that
despite a strong variability, the rain field presents a degree of spatial and temporal coherence at these extremely small
scales.
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A warmer climate brings more precipitation to the higher latitudes due to increased northward atmospheric moisture
transport, leading to an increase in the river flows. Increased air temperature gradually heats up the water. Heat flux is
directly proportional to both stream temperature and discharge. With higher river water temperature and river discharge, we
expect an increase in the net heat flux discharge into the Arctic Ocean. Using daily streamflow and decadal (10-days) water
temperature records (dating back to 1929) of six large Siberian basins, which account for about 70% of the total discharge
into the Arctic Ocean, we show a long term decreasing heat flux trend. To answer the anomaly, we separated the basins by
reservoir regulation. For the regulated basins, Pettitt change point approach was used to account for changes in the flow
regime due to reservoir regulation. In the unregulated basins, Mann Kendall’s trend test along with Sen’s slope calculation
was carried out to quantify long term trends in the river discharge, air temperature and heat flux time series. We found that
reservoir regulation plays a key role in altering the heat flux trends downstream, with decreasing heat flux discharge in the
regulated basins. In the unregulated basins, the increased heat flux trend was attributed due to a combination of increasing
discharge and water temperature. Previous work showed that the impact of dams on the water temperature profile
downstream can generally be assumed to be limited to a few hundred kilometres, which was validated in this study.
However, changes in the downstream flow regime along with earlier spring melt alter the flux regime significantly, which can
have significant impacts on the marine ecosystem and large scale ocean circulation, due to disproportionate mixing of
water.

Swiss Geoscience Meeting 2016

Platform Geosciences, Swiss Academy of Science, SCNAT

P 13.17
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1

In the context of a large BAFU project, we aim to understand the behaviour of two Swiss river catchments during low flow
periods. Specifically, we aim to identify key catchment characteristics and processes which control low flow catchment
response. The Roethenbach and the Langete catchments are characterized by the same meteorological conditions
because of their geographical proximity, but have completely different river flow dynamics. The Roethenbach is
characterized by high peak flows and low mean flows. Conversely, the Langete is characterized by relatively low peak flows
and high mean flow rates. To understand the fundamentaly different behaviour of the two catchments under future and
current climate conditions, a fully-integrated surface-subsurface flow model for each catchment was developed and
calibrated.
The 3D models of each catchment were developed using HydroGeoSphere (HGS). HGS is a physically-based, fullyintegrated variably-saturated surface-subsurface flow model. The main advantage of an integrated model is its ability to
realistically reproduce processes which play a key role during low flow periods such as surface-subsurface interactions or
evapotranspiration. Calibration results showed that models were able to represent measured groundwater heads and the
surface flow dynamics of each catchment. The calibrated models were then run with climatic scenarios consisting of a
succession of historically observed dry periods.. Finally, the comparative analysis was carried out by comparing
groundwater heads, stream flow rates and by indentifying resevoirs which maintain river flow rates during low flow. The
study allows identifying the spatial and temporal dynamics of the different water storages such as bedrock, alluvial aquifer,
soil or snow.
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Growing trends in global energy demand and the dramatic projections of climate change scenarios have increased the
importance of renewable energy sources in the last decades. In this context hydropower plays a major role. Hydropower
provides society with undeniable benefits but it is burdened by a long list of drawbacks that heavily impact stream
ecosystem structure and functioning (Dynesius & Nilsson, 1994). Therefore, it is needed to increase in the electricity
production efficiency and to develop effective mitigation strategies to reduce impacts on stream ecosystems. Stream
benthic invertebrates play key roles in stream ecosystems and the status of their community is often used as an indicator of
stream ecosystem health. Stream invertebrates are sensitive to flow alterations – a common cause of hydropower
operations - as it causes modifications in the physical habitat characteristics and in resource availability (Dewson, James, &
Death, 2007). To understand the health of a river, to develop effective mitigation strategies or to assess the possible impact
of flow alterations, it is crucial to understand the complex relationships among the stream biota, their habitat and resources
. Descriptors of these relationships are functional and structural indicators. Functional indicators have the power to expand
the research out of the strict taxonomical limits, looking at the organisms but seeing also the larger systems of which they
are part, involving resources and energy fluxes (Wallace & Webster, 1996). These ecosystem functions are reflected by the
distribution of functional traits (such as functional feeding guilds - FFGs) within the invertebrate community.
We applied a physical habitat model (CASiMiR Benthos) to model the invertebrate community in response to gradients in
discharge and their consequences on abiotic habitat conditions (bottom hydraulic forces) in two alpine streams (Fig. 1a).
We used the FST-hemispheres method (Fig. 1b) (Statzner & Muller, 1989) as an indirect measure of bottom hydraulic
forces. This method allows to measure complex hydraulic forces on the stream substrate and can be coupled with
information on invertebrate abundance to quantify invertebrate preference to these hydraulic forces (Fig. 1c). The outcome
of the habitat model is an index of hydraulic habitat suitability (HHS) (Fig.1d) and the weighted usable area (WUA) within
the reach for the investigated indicator (taxon, FFG, resources). We further assessed how discharge-related changes affect
the functional composition of the invertebrate community in response to dominant resources.
Results indicate that taxa and FFGs followed patterns of distribution which were determined by bottom hydraulic forces,
overall resulting in an increase of suitable habitats at increasing discharge. The analysis of FFGs habitat preferences
demonstrated its integrative power in the description of community dynamics, but also a loss of sensitivity compared to
taxonomical information. On the resources side, coarse particulate organic matter appeared to be abundant in patches with
higher bottom forces. In contrast, fine particulate organic matter did not show any link with the physical habitat features
measured. These results indicate that, despite the great amount of information provided by FFGs analysis, it is important to
integrate structural and functional indicators for a more complete assessment of the impacts of environmental change on
stream ecosystems.
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Figure 1. a) Study site on the Legiuna; b) FST hemisphere setup and placement method (from Statzner & Muller, 1989); c) Preference
curve for Baetis alpinus; d) Hydraulic habitat suitability (HHS) for B. alpinus for the Orino.
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Differences in the present hydrological regime of two Jurassian
catchments with respect to the early XXth Century
Ion Iorgulescu
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(Ion.Iorgulescu@etat.genève.ch)

L’Allondon and La Versoix are two midsized adjoining catchments that originate from the Jura mountains. Altitudes range
from about 1700 m a.s.l. to around 350 m a.s.l. The catchments are characterized by steep gradients in temperature and
precipitation. The Allondon streamflow has been monitored continuously since 1985 at Dardagny-Les Granges. The
topographic area at the gauging location is 119 km2. The National Hydrological and Geological Service (SHGN) operated a
stremgauge at the same location between 1918 and 1935. The analysis of the historical record reveals that, while average
discharge didn’t change significantly, the hydrological and flood significantly evolved over the past century The current
regime is characterised by a late winter / early spring maximum and a late summer / early autumn minimum. During winter
(December to February), the monthly Pardé coefficients at the beginning of the twentieth century were considerably lower
than during the last three decades, while maximum discharges were recorded later in the spring (March to May). Minimum
flows correspond in both cases to late summer, but historical values were higher. The statistical analysis of maximum
annual flows shows a significant increase in the mean of the distribution, while changes in dispersion are small and not
significant. As a consequence, a maximum relative effect is observed for frequent floods. For example, the median annual
flood is presently 46 m3/s, while during the 1918-1935 it was 31 m3/s, which represents an almost 50% increase. This
evolution is associated to a change in the seasonality of the maximum annual. During the 1918-1935 period more than one
in five annual floods occurred in May while none occurred in February. During the last 30 years none of the annual floods
occurred in May while almost one in five occurred in February. These hydrological changes are consistent with a
temperature-controlled change in the snow accumulation and melt regime. The adjoining La Versoix catchment
(topographic area 88 km2) was monitored by SHGN between 1917 and 1931. Monitoring by the Cantonal Service resumed
in 1996, albeit at a different location. The shorter monitoring period, the different gauging site as well as significant water
diversions in the catchement make analyses more difficult. While hydrological changes appear as being less significant a
similar evolution in the hydrological regimes can be observed.
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Solute mixing and chemical reactions in multiphase systems: from poreto field-scale
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(joaquinjimmar@gmail.com)

Flow and transport processes in multiphase systems remain a grand scientific and engineering challenge in industrial (e.g.,
CO2 sequestration, unconventional oil and gas extraction, enhanced oil recovery) as in natural systems. As a particular
case, the soils and vadose zone, where air and water coexist, play a key role in the transport of chemical substances from
the surface to groundwater resources. Mixing processes in porous media is a major control on fluid-fluid and fluid-solid
chemical reactions. However, conventional continuum-scale theories and models oversimplify and/or ignore many important
pore-scale processes. Multiphase flows, with the creation of highly heterogeneous velocity fields (i.e., regions of fluid of
very low velocities, also called stagnation zones, and connected principal paths of high velocity), makes transport more
complex, both conservative and reactive. We discuss recent experimental developments and theoretical approaches at
different scales to quantify transport, including mixing, and reaction and their coupling with multiphase flows.
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Among the damage to property and buildings from flooding, those caused by surface runoff during intense rainfall event
(storms) are if not the majority, at least a significant part of total cost.
Although there is no legal basis requiring the authorities to take account of this risk, agencies may be asked to give an
opinion on the subject.
In this context, the State of Geneva found interesting to develop a GIS tool to assess the risk of flooding due to surface
runoff. This tool allows you to choose any part of the cantonal territory (building, land, local depression) and operate a
dynamic modeling of surface runoff. One of the main advantage of the tool is to provide the informed user a quick and easy
implementation so that it can produce an expert opinion in the shortest possible time.
The basic assumption of the surface runoff model is that it is generated by exceding the infiltration capacity (Hortonian
flow). Two infiltration functions are available:
•
•

Initial losses and constant infiltration rate, and
Surface runoff by local deficit of the water table (contributive area or TOPMODEL concept)

The water which has not infiltrated is then routed on the surface using a quasi 2D model.
Input data are:
•
•
•
•

A DTM, a flow direction and a flow accumulation model;
A rainfall event, choosen from either a long time recorded or generated serie or a catolog of events;
The constant infiltration rate or the saturated hydraulic conductivity(TOPMODEL implementation);
The Manning-Strickler runoff coefficient;

Both the infiltration rate/hydraulic conductivity and the Manning-Strickler codefficient can be spatialised if needed.
Model outputs are maps of maximum flow velocity and maximum flow depth. The model highlights the two main
components of surface runoff hazard: runoff path concentration and water accumulation within terrain depressions.
Although the model is not new in itself, it constitutes an achievement in the sense that it allows for quick assesment of area
prone to surface runoff flooding, thanks to modern GIS and GUI tools. Typically, an experienced user would perform an
assesement running two or three different scenarios within 20 to 30 minuts.
This work is funded and supported by the Canton of Geneva.
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Bacterial transport in saturated porous media
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Understanding the transport of bacteria in saturated porous media is crucial for many applications ranging from the
management of pumping wells subject to bio-clogging to the design of new bioremediation schemes for subsurface
contamination. However, little is known about the spatial distribution of bacteria at the pore scale, particularly when smallscale heterogeneities – always present even in seemingly homogeneous aquifers – lead to preferential pathways for
groundwater flow. In particular, the coupling of flow and motility has recently been shown to strongly affect bacterial
transport, and this leads us to predict that subsurface flow may strongly affect the dispersal of bacteria in saturated
aquifers. We present here an upscaling framework for the transport of motile bacterial in saturated porous media by
combining detailed numerical simulations with controlled laboratory experiments.
Bacteria are ubiquitously exposed to fluid flow in natural environments, the human body, and artificial systems. However,
the influence of flow on the transport and attachment of bacteria to surfaces and the formation of biofilms remains poorly
investigated and understood. We have used microfluidic technology and mathematical modelling to study the role of fluid
shear on surface colonization by pathogenic bacteria, such as Pseudomonas aeruginosa and Escherichia coli, under
clinically relevant flow rates. In a first set of experiments, we discovered a novel and counterintuitive phenomenon by which
the coupling of motility and shear results in a higher cell concentration near the walls of a channel and consequently in a
strong enhancement of bacterial surface attachment compared to quiescent conditions. A crucial step in obtaining these
results was the use of a multi-channel microfluidic device, which allowed the simultaneous monitoring of bacterial surface
coverage under different shear conditions while avoiding potential confounding factors stemming from variability among cell
cultures. In a second set of experiments, we studied the coupling of flow and surface topography by observing the
attachment of bacteria to corrugated surfaces. In particular, we show how the topological features of the flow can promote
the attachment of bacteria to specific regions of the corrugated surface, which will ultimately influence the formation of
biofilms. These results highlight the intimate link between small-scale biological processes and transport in porous media.
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Figure 1. A, Microfluidics experiments of bacterial transport in narrow channels, showing depletion of cells in the region of low shear rate
and accumulation of cells in the regions of high shear rate. B, Numerical and experimental results of bacterial transport and surface
attachment in the presence of regular and randomly corrugated surfaces. C, Numerical results of bacterial transport (left-hand side) and
preferential attachment (right-hand side) in a two-dimensional model of a saturated porous medium.
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A multi-grain reduced-complexity model for step formation and stability
in steep streams
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We present a multi-grain particle-based reduced-complexity model to simulate sediment transport and a step-pool
morphology. The model CAST (Cellular Automaton Sediment Transport) contains phenomenological parameterizations,
deterministic or stochastic, of sediment supply, bed load transport, particle entrainment and deposition, and granular
interactions in a cellular-automaton space for uniform size (see Figure 1.) [Saletti et al., 2016]. CAST yields realistic
results, in agreement with field and laboratory observations, in terms of bed morphology, transport-rate fluctuations and
particle travel distances.

Figure 1. Diagram of CAST: spatial domain, model compenents and simulated processes [taken from Saletti et al., 2016].

A more sophisticated version of the model, CAST2, has been developed to simulate the effect of different grain sizes by
considering two types of particles: finer grains, which can be mobilized by any flow, and coarser grains, whose mobility is
flow-dependent. The model has been applied to test the effect of granular forces on step formation and stability in steppool channels, as hypothesized in the jammed-state framework by Church and Zimmermann [2007]. In CAST2 the jamming
of particles in motion and their enhanced stability on the bed are considered: in this way steps are effectively generated
during high-flow periods and they are stable during low flows when sediment supply is small. Longitudinal profiles of the
bed and the density of steps in the channel obtained in numerical simulations are consistent with field observations made at
the Erlenbach, a step-pool stream in the Swiss Alps.
Finally we show the effect of (a) flood frequency and (b) randomness of inter-arrival times between floods on step density
by means of longer simulations with repeated flood events. Model results show that the probability density functions of step
density are more sensitive to flood frequency than randomness. Systems with high flood frequency are characterized by
larger values of step density, similar to those measured in the Erlenbach, a very active and frequently perturbed fluvial
system. Moreover, step density increases in high-frequency flood simulations when flood events are equally spaced,
compared to the case when inter-arrival times are randomly generated.
Our results show the potential of reduced-complexity models as learning tools to gain new insight on complex feedback and
poorly understood processes characterizing geomorphic systems, pointing out the importance of hydrological forcing on the
formation and stability of step-pool morphology.
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