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13.1
Improving the understanding of river-groundwater interactions by analyzing time series of electrical conductivity
Lorenz Ammann1,2, Samuel Diem2 & Joachim Poppei2
1
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(samuel.diem@afconsult.com)

The residence time and the fraction of infiltrated river water are important parameters that determine the quality of
drinking water derived by riverbank filtration. Hence, estimating these parameters is of high practical relevance and of
particluar interest within the context of river restoration projects, which might affect the residence time in the aquifer
and thus the quality of the produced drinking water.
Conventionally, the residence time between a river and a pumping well is estimated by injecting a tracer into the river
and observing its break-through at the well. In large rivers, this method requires large amounts of tracer and the resulting
f low parameters are only valid for the hydraulic conditions prevalent during the experiment. Alternatively, groundwater
residence time distributions and the fraction of infiltrated river water may be estimated by analyzing time series of electrical conductivity (EC) measured in the river and in adjacent groundwater observation wells. Two suitable methods for time
series analysis in this context are cross-correlation (Vogt et al. 2010) and non-parametric deconvolution (Cirpka et al. 2007).
In contrast to the conventional approach, these methods integrate multiple hydraulic conditions and allow for assessing
the uncertainty of the residence time distribution with the help of a probabilistic approach (non-parametric deconvolution). While they have been sucessfully applied to EC signals with mean residence times of max. 20 days (Vogt et al. 2009;
Diem et al. 2014), their applicability to systems with larger residence times has not been tested yet. Another condition to
keep in mind is that these methods are based on a steady-state assumption, i.e. the residence time distribution is assumed
to be time-invariant.
The goals of the presented study were firstly to assess the applicability of the aforementioned methods to EC time series
recorded in observation wells with groundwater residence times of more than one month. Secondly, we aimed at developing a transient formulation of deconvolution that accounts for a time-dependent residence time distribution.
For this purpose, we applied cross-correlation and non-parametric deconvolution to EC time series measured in the Aare
River and in 5 groundwater observation wells between the cities of Olten and Aarau. The obtained fraction of river water
varied between 20 and 90 % and the mean residence times ranged between 40 and 130 days. These residence times agreed
well with those determined in an artificial tracer experiment previously performed at the study site, which validates the
applicability of the used methods to systems characterized by residence times of more than one month.
The developed transient formulation of deconvolution allows quantifying the dependence of the residence time distribution and the recovery on external factors such as the river water level. The results revealed that elevated river water levels
during a period of more than one month coincide with high fractions of river water at the observation wells, while the
mean residence time was essentially unaffected. These results suggest that periods of elevated discharge increase the connectivity between the river and the aquifer, which leads to higher infiltration rates and higher fractions of river water at
the boreholes, while the groundwater f low velocities and hence the travel times remain essentially unchanged.
In conclusion, cross-correlation and non-parametric deconvolution can be applied to EC time series measured at observation wells characterized by a wide range of groundwater residence times. EC may be measured cost-effectively and may
provide the basis for an efficient estimation of the residence time distribution, its uncertainty and the fraction of infiltrated river water. The transient formulation of deconvolution helps improve our understanding of the dynamics of rivergroundwater systems and might contribute to a sound safety assessment of drinking water wells e.g. within the context
of river restoration.
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13.2
Impacts of climate change on the water availability for the hydropower
reservoir Gigerwaldsee using hydrological modeling
Simon Etter1, Jan Seibert1, Marc Vis1, Nans Addor1, Matthias Huss2 David Finger3
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Increasing temperatures and changing precipitation patterns will diminish snow cover and force glaciers to shrink in
mountain environments. The runoff in Alpine catchments such as the watershed of the Gigerwaldsee, providing water
resources for hydro power production in the Swiss Alps, will be affected by those changes. Using an updated version of
the conceptual hydrological model HBV-light (Seibert & Vis, 2012) future hydro-climatic changes in the catchment where
simulated. The hydrological model was driven by seven GCM-RCM combinations from the ENSEMBLES project under the
emission scenario A1B. The climate projections were bias-corrected using quantile mapping. Besides a baseline scenario
(1992-2021), a mid-term future scenario (2036-2065) and a long term scenario (2069-2098) were calculated. For calibration,
the model was driven with a gridded dataset from MeteoSwiss and glacier extents from 1990. The calibration was performed using three datasets: i) discharge data, derived from a volume-lake level relationship of the Gigerwaldsee, ii) the
fraction of the snow covered area in the catchment, retrieved from MODIS snowcover images (Hall et al. 2002) and iii)
extrapolated glacier mass balances (Huss, 2012). The parameters were determined using Pareto selection from 10’000
Monte Carlo simulation runs according to their performance over five objective functions as described in Finger et al.
(2011). Two objective functions were used to evaluate the discharge simulation and two for snow cover, in each case one
over the whole year and one only during summer. A fifth objective function was used for glacier mass balance simulations.
An evaluation of different selections of parameter sets showed that relying on discharge, snowcover and glacier mass balance data led to a higher model consistency. The contribution of the climate scenarios, model parameters and glacier
scenarios to the total uncertainty of the simulated future discharge was assessed using analysis of variance (ANOVA).
The results indicate a decrease in runoff during the high f low season due to shorter snowcover persistence and less precipitation and an increase in runoff in the low f low season due to higher temperatures and more precipitation (Figure 1).
The runoff originating from snow melt is projected to
decrease by 22% and 30%, respectively. The projected
runoff from glaciers will diminish by 85% in the midterm and disappear completely in the long-term. The
results from discharge emerging from snow- and glacier
melt are significant. The main cause for the spread in
the results was found in the large differences between
the climate scenarios. These results are in line with findings of a similar study about the Mattmark reservoir in
the Vispa valley (Finger et al. 2012).

Figure 1. The climate change signal in the mid- and the longterm scenario compared to the baseline period (1992 - 2021).
The whiskers indicate the standard deviation from the mean
of all the simulation results.
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13.3
Long-term monitoring and modelling of Lake Geneva, in the prospect of
thermal energy usage
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Large water bodies are a sustainable and effective way to obtain and/or evacuate thermal energy, and are thus of great
practical interest for surrounding towns and infrastructures. It is however essential to understand and manage this resource carefully so as not to disrupt the ecological and heat balances that permit its use in the long run, in the context of
climatic change. In Switzerland, the water tower of Europe, lakes and reservoirs are at the forefront when looking for
new sources of renewable energy. Although the capacity of running water (hydropower) is already extensively exploited,
there is still potential for a wider use of the thermal energy of lakes.
Our study mainly rests on investigation of Lake Geneva, via thorough data analysis, physical interpretation and numerical
modelling. The particular alpine topography of the reservoir allows an extremely long fetch for the wind to stimulate the
whole basin. As a result, when compared to other European lakes, wind can have a much stronger inf luence and trigger
powerful currents, mixing and internal waves (seiches). Concurrently, the regional climate and the large volume of Lake

A remarkable dataset, consisting of nearly sixty years of conductivity-temperature-depth profiles, allowed examining and
decade in deep water). However, this trend is not homogeneous with respect to depth and season, due to the faster establishment of spring stratification.
A simple 1D model (SIMSTRAT) is used to prove overall lake warming under the inf luence of climate change, as well as
seasonal patterns in shallow water (with a significantly stronger warming in spring and summer). The model provides
statistical results in accordance with field data, and gives valuable insight on the lake response to external forcing.
Simulations for the future are performed by applying predictive meteorological conditions to the model.
Additionally, a more comprehensive 3D model (Delft3D), which is forced using a realistic two-dimensional wind map at
thermocline: a dome-shaped profile is found over the lake, and internal waves are shown to reach 70 m depth in autumn.
Additionally, the model allows assessing the quality of surface temperature measurements from satellite thermal images.
Shallower layers, which generally contain more energy, are more suitable for heat extraction. However, it is shown that
surface water is naturally sensitive to short air-induced cooling events and that the whole epilimnion can host abundant
biological life, as well as human-related activities. A trade-off is then found between energetic efficiency (shallow intake)
and low risk (deep intake).
For cooling purposes, deeper layers, located further from atmospheric inf luence, are best adapted. Nevertheless, as working in these remote zones is more costly and difficult, water from intermediate depths is usually preferable. The decisive criterion is then the range of occurrence of internal waves, which must be avoided for optimal operation of a cooling
system.
The particularities of Lake Geneva appear to make it more favourable for heat extraction than for cooling. In other lakes,
depending mostly on the basin size, the topography and the climate, the situation may be different. Still, as supported by
case analyses in Switzerland (in particular the shared EPFL/UNIL water intake), combined heating and cooling from midlatitude lakes is shown to be highly interesting in both financial and energetic terms.
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Figure 1. Computational grid for the 3D numerical model (depth is shown as a shading). Time- and space-varying wind is applied on
each surface cell.
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13.4
Study of diurnal streamflow cycles in a high altitude catchment in the
Swiss Alps
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The study of diurnal streamf low cycles is of critical importance for analysing freshwater quality and quantity, especially
in headwater catchments. In glaciarized watersheds, diurnal streamf low cycles are typically dominated by snow or icemelt. During a field campaign in the summer 2012 in the Val Ferret watershed (draining area of 20.4 km2, altitude ranging
from 1773 m to 3206 m asl, see Figure 1), we deployed a wireless network of 24 meteorological stations, a fully equipped
energy-balance station and cameras for time-lapse photography. Streamf low and water electrical conductivity were monitored at the outlet and two sub-basins of the watershed, where we observed diurnal streamf low cycles throughout the
season.
In the first sub-basin, the diurnal streamf low cycle shifted from a snowmelt to an evapotranspiration dominated cycle
whereas in the second sub-basin, the diurnal streamf low cycle was dominated by snowmelt/icemelt due to the presence
of a small glacier. Comparisons between icemelt and evapotranspiration cycles showed that the two processes were happening at the same times of day but with a different sign. The amplitude of the snowmelt/icemelt cycle decreased expo-
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nentially during the season and was larger than of the amplitude of the evapotranspiration cycle which was relatively
constant during the season.
A conceptual model was applied to estimate the effect of evapotranspiration on the diurnal streamf low cycle in the icemelt dominated sub-basin. In the first sub-basin, active areas of evapotranspiration were computed dividing the daily
volume of evapotranspirated water estimated with the diurnal streamf low cycle by the daily cumulated evapotranspiration measured at the energy balance station. Those areas were then attributed to the riparian area of the channel network
which has been carefully monitored. The computation of the active evapotranspiration area was then applied to the second sub-basin for estimating daily evapotranspirated volume of water when the diurnal signal was icemelt dominated. Our
study suggests that evapotranspiration damps the icemelt-diurnal streamf low cycle resulting in a possible underestimation of glacier mass balance.

Figure 1 Map of the Val Ferret watershed showing the locations of the meteorological, Energy balance and gauging stations, the land
cover, the locations of the monitored channel heads and the monitored network. The ephemeral and perennial parts of the channel
network are represented by the solid red and blue lines, respectively.
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13.5
Trenderhebung, Früherkennung und Erfolgskontrolle im
Grundwassermonitoring
- Konzepte der Nationalen Grundwasserbeobachtung NAQUA Miriam Reinhardt1, Ronald Kozel1
1
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Grundwasser ist in allen Ländern Europas ein wichtiger einheimischer Rohstoff. So werden über 80% des Trinkwassers in
der Schweiz aus Grundwasser gewonnen. Neben einer zunehmenden Versiegelung des Bodens durch das Siedlungswachstum
wird das Grundwasser insbesondere durch Schadstoffe aus Landwirtschaft, Industrie, Gewerbe, Haushalten und Verkehr
aber auch durch klimatische Veränderungen beeinf lusst. Einmal ins Grundwasser gelangt, werden Schadstoffe dort kaum
mehr abgebaut. Da sich Grundwasser zudem nur langsam erneuert, kommt vorausschauenden, präventiven Massnahmen
zum Schutz des Grundwassers besondere Bedeutung zu. Um die Grundwasserressourcen zu erhalten und bestehende
Beeinträchtigen zu beheben, ist eine nachhaltige Bewirtschaftung und ein integraler Schutz der Ressource Grundwasser
unerlässlich. Um hierfür zielgerichtete Massnahmen entwickeln zu können, müssen die entscheidenden Zusammenhänge
und Einf lussgrössen verstanden und Defizite bzw. Handlungsfelder identifiziert werden. Diese Grundlagen kann ein landesweites Monitoring wie die Nationale Grundwasserbeobachtung NAQUA zur Verfügung stellen.
Entsprechend ihrem gesetzlichen Auftrag (Art. 50 und 57 GSchG) liefert die Nationale Grundwasserbeobachtung NAQUA
ein landesweit repräsentatives Bild über Zustand und Entwicklung des Grundwassers in der Schweiz, sowohl in qualitativer als auch in quantitativer Hinsicht. Sie hat zum Ziel
•
•
•
•

Zustand und Entwicklung der Grundwasser-Qualität und -Quantität auf Landesebene zu dokumentieren
(Trenderhebung),
das Auftreten problematischer Stoffe bzw. unerwünschter Entwicklungen frühzeitig zu erkennen und gezielt zu verfolgen (Früherkennung),
die Wirksamkeit bereits ergriffener Schutzmassnahmen (z. B. ökologische Massnahmen in der Landwirtschaft) zu
kontrollieren und die Notwendigkeit weitergehender Schutzmassnahmen aufzuzeigen (Erfolgskontrolle),
die wichtigsten Grundwasservorkommen der Schweiz zu charakterisieren und zu klassifizieren.

Die Nationale Grundwasserbeobachtung bildet damit die Grundlage für einen gesamtschweizerisch koordinierten Schutz
der natürlichen Ressource Grundwasser und dient somit letztlich dem Schutz des Menschen vor schädlichen Organismen
und Stoffen.
Informationen über die Nationale Grundwasserbeobachtung und aktuelle Daten im Internet: http://www.bafu.admin.ch/
naqua.
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Assessing long term changes in the Orontes River basin (Lebanon and
Syria): how to deal with variable, incomplete and heterogeneous datasets?
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The Orontes River basin is representative of the global changes in water use that occurred during the 20th and beginning
of the 21st Centuries in the southern and eastern parts of the Mediterranean basin. In the Syrian part of the Orontes basin,
since the 1950s large-scale surface water development has been a symbol of post-independancy and a major piece of the
agricultural policy: the so-called “hydraulic mission” (Allan 2003; Molle 2009) was mostly translated into the state irrigation scheme of Al Ghab and the construction of several dams of different capacities and importance. Since the 1980s and
especially in the 1990s, both Lebanese and Syria parts of the Orontes River basin witnessed a groudwater revolution
(Giordano & Villholth 2007) with the development of individual pumping systems and a strong increase of groundwater
extraction, mostly for agricultural purposes.
The available studies on the Orontes basin prior to the Syrian conf lict (Comair et al 2013; Kloosterman & Vermooten 2008;
Kibaroglu et al 2005) indicate that intensive surface and ground water development has led to a sharp decrease of the
Orontes river discharge in its middle course; the drying up of several springs and overexploitation of groundwater in
several areas. However, while the different studies agree on major trends, data are frequently contradictory. Furthermore,
due to the transboundary nature of the Orontes River basin and thus the political sensitivity of related hydro(geo)logical
data, available data are hardly accessible.
The purpose of this contribution is to confront the different datasets in order to understand the evolution of the recharge/
discharge dynamics across the Lebanese and Syrian parts of the basin and the impact of water development on the fresh
water system. The approach adopted consists of calculating water balance for 4 sub-catchments and for 3 years representative of the 1930s; 1970s; 2000s (respectively before the development of surface and ground water; after the development
of surface water; after the development of groundwater).
The study first discusses the magnitude and spatialization of the anthropogenic disturbance and its consequences on the
hydrosystem: for the overall basin, the water consumption increased from 265 MCM/y in the 1930s to 2230 MCM/y in the
late 2000s, leading to spatially differentiated changes, critical mostly in the Al Ghab area. It secondly discusses the results
sensitivity according to existing data availability and quality. The heterogeneity and incompletness of the dataset indeed
reinforce the difficulty in distinguishing between “natural” variability (of rainfall, spring and river discharge…) and human-induced long term changes.
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13.7
Supersaturation, a phenomenon ignored by most hydrogeologists
Heinz Surbeck1, Frederic Bossy2
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Dissolved gases in groundwater are only rarely in equilibrium with the atmosphere. Hydrostatic pressure on soil gas
bubbles dissolving in percolating water, compression of air pockets in karst systems, air leaks in pumps or pipes, releases
of water from dams or drilling with compressed air all lead to supersaturation. Supersaturation means that the Total
Dissolved Gas Pressure (TDGP), the sum of the partial pressures of the dissolved gases is higher than the atmospheric
pressure. In the field of rare gas or isotope age determination this is frequently called “excess air”.
Supersaturation is stressing fish seriously at 5 % above atmospheric pressure. At 30 % it is deadly.
TDGP is easy to be measured. At thin walled silcone tube, closed on one side and connected on the other side to a pressure sensor is all you need.
Particularily high supersaturation has been found at a karst spring in Neirivue, canton of Fribourg, Switzerland. This
water is used for a fish farm.
Details on the instrumentation and data are presented for this spring, including data on the efficiency of a degassing unit
used to protect the fish from supersaturation.
In addition we will try to motivate hydrogeologist to have a closer look at supersaturation. Apart from the problem fishes
get from it offers a wealth of still rarely used information.
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Long-term monitoring of natural springs in the Röseren valley near
Liestal (BL)
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Natural springs are ecotones at the interface between the groundwater and the surface water. Ecologically they are of
special importance as they provide a relatively stable habitat for species adapted to a constant aquatic environment. In
Switzerland, natural springs are not strictly legally protected (Zollhöfer 2007). Their ecological relevance is however increasing their importance in research and nature conservation. The springs in the Swiss Tabular Jura ref lect the limestone
characteristics of the region: limesinter-rheocrenes and karstic springs occur relatively often. In the Röseren valley near
Liestal (BL) many natural springs still exist. Since 2003 they are being investigated regularly. Thereby the focus is foremost
on the macroinvertebrate assemblages and on the physico-chemical as well as structural parameters. In the 12 most frequently investigated springs the macrozoobenthic organisms were quantitatively sampled 2 to 10 times with a small
surber-sampler in the past 11 years. The abiotic parameters were always monitored as well. Over time the physico-chemistry of the springs has stayed constant; some springs are slightly polluted with nitrate. Altogether over 70 species and
higher taxa have been found in the springs; the number of taxa ranges between 22 and 38. The percentage of crenobiont
taxa, spring specialists, is on average 30 %, which is high in comparison to other springs in the Swiss Jura Mountains (Küry
2013). The similarity of the species assemblages throughout the years within a spring was analysed with the SIMPERmethod (PRIMER-E, Clarke & Gorley2006). Some springs showed a high similarity of nearly 70 % of their species assemblages, whereas in others the composition of the species assemblages varied considerably. A non-metric multidimensional
scaling (nMDS) based on the faunistic data revealed a grouping of the springs according to the different spring types (R:
0.752, p: 0.001). The results illustrate that the springs in the Röseren valley are valuable spring habitats, which are inhabited by species assemblages that vary to a certain degree, but did not change totally, in the past 10 years. Ongoing research will focus on the question if environmental changes caused by Global Climate Change will intensify the variability
of the species assemblages. In any case, the protection of these valuable habitats shall be enforced.
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13.9
Measuring surface flow velocity with smartphones: potential for citizen
observatories
Steven V. Weijs1, Tristan Brauchli1, Hendrik Huwald1
1

CRYOS, Ecole Polytechnique Fédérale de Lausanne (EPFL), Station 2, CH-1015 Lausanne (steven.weijs@epfl.ch)

Stream f low velocity is an important variable for discharge estimation and research on sediment dynamics. Given the
inf luence of the latter on rating curves (stage-discharge relations), and the relative scarcity of direct streamf low measurements, surface velocity measurements can offer important information for, e.g., f lood warning, hydropower, and hydrological science and engineering in general.
With the growing amount of sensing and computing power in the hands of persons that frequently see daylight and go
outside, and the advances in image processing techniques, there is now a tremendous potential to obtain hydrologically
relevant data from motivated citizens. This is the main focus of the interdisciplinary WeSenseIt project.
In this subproject, we investigate the feasibility of stream f low surface velocity measurements from movie clips taken by
(smartphone-) cameras. First results from movie-clip derived velocity information will be shown and compared to reference measurements.
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P 13.1
Quantifying Alpine water demands: setup for a micro-observatory of irrigation and drinking water supply in the Crans-Montana-Sierre region
(Valais, Switzerland)
Martin Calianno1, Emmanuel Reynard1
1

Institute of Geography and Sustainability, University of Lausanne, Géopolis, CH-1015 Lausanne (martin.calianno@unil.ch)

Several integrated studies on water management have recently been conducted in the Alps. They main aim is to confront
water resources to water use in order to identify water scarcity issues that could possibly occur in mountainous regions
(Bonriposi, 2013). Regarding the quantification of water resources availability, these works often rely on well-known hydro-climatic science and exhaustive datasets. However, regarding water use, direct measurements are rare and researchers
either depend on rough estimations given by water managers or create indirect datasets using proxies. Therefore, there is
a strong need to correctly quantify water uses and to define a monitoring methodology in Alpine regions (Reynard, 2000).
This poster puts forward the setup of a field campaign in Central Valais. It aims at quantifying water supplies for the two
main water uses of the area: irrigation and drinking water. This campaign is divided into three steps:
meaning of the measurements that will be undertaken.
patterns of Alpine water uses, thus allowing comparisons and production of consistent water balances.
ly being set up in the investigated area, with direct and continuous measurements.
This micro-observatory is located in the Crans-Montana-Sierre hillside and focuses on two water uses.
The first one is drinking water related to the Crans-Montana mountain resort. Based on currently existing equipment and
new established monitors (installed on water meters), starting October 2014, water supplies will be continuously measured
for three years at different time steps. Currently, water meters of the Montana municipality are already set up with radio
transmitters, enabling monthly to daily measurements. In addition, smart metering will be set on a sample of users (2
hotels, 1 apartments block and 2 chalets), thus allowing hourly measurements. Additional radio transmitters will also be
installed on a sample of existing water meters (for 2 hotels, 2 villas and 2 apartments blocks) in the municipality of Sierre,
located in the Rhone River valley. This fully equipped setting will thus provide continuous monitoring of drinking water
supply from high altitudes down to the Rhone River Valley.
Water supplies for irrigation will be also quantified. A water meter will be set up on an irrigated grasslands parcel and
another one upstream of the vineyards irrigation network. These meters will be read manually during the irrigation
season.
Finally, qualitative interviews will be undertaken among actors of these water uses in order to define users’ characteristics,
to better understand habits and practices and, subsequently, to explain the figures collected by the micro-observatory. This
will then allow us to draw some indicators forecasting water uses in similar contexts.
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Figure 1. Spatial extent of water uses in the case of Crans-Montana hillslope.

P 13.2
Modeling the monthly mean stream temperature dynamics
Aurélien Gallice1, Bettina Schaef li1, Michael Lehning1, Hendrik Huwald1
1
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Water temperature is a hydrological factor which affects the habitat suitability of many aquatic (fish) species, and is therefore of great concern in the actual context of climate change. Two types of models are currently used to simulate stream
temperature: physically-based models, which are typically applied only over limited areas, and regression models, which
usually lack the ability to make predictions in ungauged areas. As an attempt to bridge the gap between these two types,
we propose a hybrid model based on the energy-balance equation, in which the terms are related to catchment physiographic variables via empirical relationships. The physiographic variables are chosen so as to be available over the entire
country (Switzerland), enabling the model to be used in ungauged catchments. This approach is on the one hand more
physically-based than the usual regression models – hereby limiting the degree of empiricism associated with its derivation – but on the other hand seeks simplicity and applicability over large areas – making it more practical than the usual
physically-based models. In order to test this model, we use it to predict the monthly mean stream temperature over 23
2
) in Switzerland. While selecting the catchments, particular attention is
given to cover a large range of different geomorphological conditions, especially regarding altitude, slope and aspect. It is
shown that the model compares favorably with standard empirical models such as multi-linear regression.
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