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�� Figure 1. Principles of the KARSYS approach and the re-

sulting karst hydrogeological map. This example focuses 

of the karst system with springs in red.

� Figure 2. Hydrogeological map of the Brunnmühle 

karst system (also available on http://www.swisskarst.ch

/images/Resultats/Bern/Brunnmuehle-carte.pdf)
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Hydrogeochemistry and Brine Evolution of Urmia Lake (NW of Iran)

Darvishi Khatouni, Javad.1 Lak, Razieh.2 Mohammadi, Ali. 3

1 Marine Geology Department, Geological Survey of Iran
2 Research Institute for Earth Sciences, Iran
3 Geological Institute, ETH-Zurich, Switzerland (ali.mohammadi@erdw.ethz.ch)

Abstract
Urmia Lake in the northwestern corner of Iran is one of the largest permanent hypersaline lakes in the world and the 
largest lake in the Middle East. It extends as much as 140 km from north to south and is as wide as 50 km east to west 
and water body area is about 6000km2 during high water periods. The lake was declared a Wetland of International 
Importance by the Ramsar Convention in 1971 and designated a UNESCO Biosphere Reserve in 1976. Due to building one 
huge dike (Highway) at 1980 in the middle part of Urmia lake, lake actually divided in 2 part (connection pass between 
two parts is just one channel with 1400m wide).

Hydrochemistry of the water resources basin show mainly chloric and sulfidic brine due to the variable lithology and 
geology of the surrounding area. Hydrochemical investigations were carried out over a time period from 2007 to 2012 
using previous published data with recently(2010, 2012) collected water samples from lake. 120 water samples were used 
for this research. Results show distinct changes in the brine type over time; from Na-Mg-Cl type in 2007 to 2010 which is 
comparable with Great Salt Lake in the USA. Chemical composition of lake in 2007, the percentage of Na is higher than 
Magnesium. In 2011 and 2012 water composition is HCO3<<Ca+Mg. That is, the path of brine composition on the Eugster 
and Hardie f low diagram has changed from (Na-Mg-Cl) to (Mg-Na-Cl) in 2011 and 2012 due to precipitation and crystalli-
zation of Halite. Then estimated Mg-Cl-SO4 brine type for future of Urmia Lake. Na to Mg ratio is 5.12 in 2007. But this 
amount in 2011 is 0.68 and 0.56 in 2012. In future with Increasing of  Evaporation, Mg to Na ratio will be increases and 
are becoming more Differences in the composition of brine in the North and South parts of Lake. This rapid changing in 
hydrochemistry of brine is not normal in this hyper saline lake. Because from 2000 till now more than 10 dam made on 
the Urmia Catchment Rivers and the water input to the Lake Decreases to near zero and due to huge amount of evapora-
tion (100cm/year), we have catastrophic condition in Urmia Lake.

Fig: A) sample point on Urmia Lake. B) Stiff Diagram of the Main Ion in Urmia Lake from 2007-2012.

REFERENCES
-Kelts, K,. Shahrabi, M,. 1986. Holocene sedimentalogy of hypersaline Lake Urmia, northwestern Iran. Paleogeography, 
Paleoclimatology and Paleoecology, 54:105-130.
-Lak, R. Darvishi Khatooni, J. Mohammadi. 2012. Paleolimnology study and causes of Sudden decrease in water level of 
Urmai Lake. Journal of Applicable Geology, zahedan university. zahedan uni press. 4:357-372. 
-Mohammadi, A,. 2005. Depositional history of Holocene? Deposits in Urmia Lake, based on the cores collected along the 
SH-K Highway, A thesis in M.SC. Sedimentology and sedimentary petrology, Tehran university, p 127.
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Sensing with boots and trousers - A new qualitative field method  
to capture shallow soil moisture patterns in wet environments

Rinderer Michael1, Kollegger Andrea1, Fischer Benjamin M.C1., Stähli Manfred2, Seibert Jan1

1 University of Zurich, Department of Geography - Hydrology and Climate 
2 Swiss Federal Institute for Forest, Snow and Landscape Research WSL (michael.rinderer@geo.uzh.ch)

Soil moisture patterns and their spatio- temporal dynamics are of central interest in catchment hydrology. It has been 
demonstrated, that information about these can give insightful information on dominant runoff processes. Common 
measuring techniques are time consuming and/or destructive (e.g., gravimetric method) or need sometimes expensive in-
struments (Time Domain Reflectometry, TDR). Furthermore in very wet soils with a high organic content TDR often does 
not provide reliable results. 

Here we present a qualitative field method which has been developed to offer a supplement to common quantitative 
measuring techniques as it allows a quick and inexpensive mapping of soil moisture conditions. This soil wetness classifi-
cation scheme is based on qualitative but well-defined topsoil indicators which can easily be mapped in the field. The 
scheme consists of seven wetness classes from ‘very wet’, when water is visible at the soil surface to ‘very dry’, when a 
person could sit at that spot for some minutes without getting wet trousers. As quantitative methods like this new field 
method, are often criticized to be affected by subjectivity, we systematically tested the new approach: Two groups of 10 
non-expert raters each were asked to classify 52 marked sites of different wetness within a catchment in the Swiss pre-alps 
(Erlenbach / Alptal). 

The dataset comprising of roughly 1000 classification cases was analyzed in terms of degree of agreement: In 70 % of all 
classification cases raters agreed and in 95 % they were off by maximum one wetness class when assessing the sampling 
sites (Rinderer et al. in press). Driest and wettest class assignments showed little spread in classification and therefore 
seem to be well defined and easily recognizable. 

Intermediate wetness classes turned out to be more difficult to assign, resulting in a larger spread of class assignments 
(Fig.1). A few raters showed a tendency to classify sites either too dry or too wet but the mean classification difference was 
still within the range of one wetness class. In a second step the agreement between qualitative wetness classes and quan-
titative wetness measurements was assessed: At 45 sites first the quantitative wetness class was determined, then soil 
water content was measured with a portable TDR device and finally soil samples were taken to the laboratory for gravi-
metric water content analysis. Results of this test proved an overall agreement between qualitative wetness classes and 
quantitative measurements. For intermediate wetness classes the median and interquartile range (IQR) however were not 
clearly distinct from those of neighboring wetness classes. 

These findings were similar to the analysis of a third dataset comprising of 454 averaged TDR values and associated qua-
litative wetness classifications. The data was gathered during 8 days of field champagne between August and October 2010 
repeatedly assessing 100 spatially distributed sampling locations in the Erlenbach each time (Kollegger 2010).

Systematic testing of the interrater-agreement and the correspondence of qualitative and quantitative measurements 
showed the potential of the new qualitative method. It does not intent to replace common quantitative methods but offers 
a potential to supplement them with the capability of covering a large number of spatially distributed sampling points. 
Such spatially distributed soil moisture datasets can be of importance for constraining model parameters and for studying 
hydrological processes, their key-controls and spatial organization.

REFERENCES
Kollegger, A., 2010. Untersuchung der räumlichen und zeitlichen Verteilung der Bodenfeuchtigkeit am Beispiel des 

Erlenbaches (Alptal/Schweiz). Vergleich einer quantitativen und einer qualitativen Messmethode. University of Zurich.
Rinderer, M., Kollegger, A., Fischer, B., Stähli, M. & Seibert, J., in press. Sensing with Boots and Trousers – Qualitative Field 

Observations of Shallow Soil Moisture Patterns. Hydrological Processes.



310
Sy

m
p

o
si

u
m

 1
2:

 A
d

va
n

ce
s 

in
 a

p
p

li
ed

 h
yd

ro
lo

g
y 

an
d

 l
im

n
o

lo
g

y

Platform Geosciences, Swiss Academy of Science, SCNATSwiss Geoscience Meeting 2012

1 10 20 30 40 50

1

2

3

4

5

6

7

Sampling points

W
et

ne
ss

 c
la

ss
es

 

 

R
el

at
iv

e 
fre

qu
en

cy
 o

f w
et

ne
ss

 c
la

ss
 a

ss
ig

nm
en

ts

Reference: mode
0

10

20

30

40

50

60

70

80

90

100%

Fig. 1: Wetness class assignments for each of the 52 sampling points numbered and sorted by the mode of class assignments of group 1 

for each sampling point. Gray shades indicating relative frequency of wetness class assignments. White circles show the mode as refe-

rence (adapted from: Rinderer et al. in press).

P 12.3

Accounting for precipitation and temperature co-variation for design 
flood estimation in Alpine environments

Schaefli Bettina1, Nicótina Ludovico2

1 Laboratory of Ecohydrology (ECHO), School of Architecture, Civil and Environmental Engineering (ENAC), Ecole Polytechnique Fédérale 
de Lausanne (EPFL), Station 2, 1015 Lausanne, Schweiz (bettina.schaefli@epfl.ch)
2 Risk Management Solutions (RMS), 30 Monument Street, London EC3R 8NB, United Kingdom

Simulation of long discharge time series has become a standard tool for design f lood estimation. A key hereby is the ge-
neration of appropriate meteorological scenarios to drive the hydrological model with so-called weather generators. These 
stochastic models generate all required meteorological variables, in particular precipitation and temperature, at one or 
several locations. 

Precipitation (P) is known to depend on temperature (T), yet most weather generators do not explicitly model their co-va-
riation. Accordingly, they do generally not reproduce the observed P-T scaling at time steps relevant for the study of hyd-
rological extremes (hours to days). The use of such weather generators to produce long hydrological time series and for 
design f lood estimation might, thus, lead to unreliable results in snow-influenced environments. Based on a real-world 
case study – design f lood estimation for the Upper Rhone catchment (5000 km2) in the Swiss Alps - we illustrate potential 
shortcomings of a classical weather generator (not accounting for P-T co-variation). Proposing a new copula-based ap-
proach to relate precipitation to temperature, we discuss the importance of explicitly including P-T co-variation in hydro-
logical simulation for the study of extremes in Alpine or other snow-influenced environments.
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Operational implementation design of radar and raingauge combination 
in Switzerland

Sideris Ioannis1, Gabella Marco1, Sassi Marco1 & Germann Urs1

1MeteoSwiss, Stabile La Ferriera, Via Luini 12, CH-6600 Locarno 
(Ioannis.Sideris@meteoswiss.ch)

Radar monitoring provides a widespread, detail-rich picture of the precipitation over a region of interest. This is typically 
quite informative regarding where and when it rains, i.e. it provides a vivid picture of trends and outlines of precipitation 
in a very high temporal resolution. However the involved complexity between transmitting a radio-signal at some over-
ground air-mass volume and producing, based on the backscattered radiation, a final precipitation estimate on-ground, 
often causes errors, occasionally of significant size. One naturally seeks a remedy in the form of an adjustment of the 
radar estimates map. Raingauge measurements provide a strong basis for such an adjustment. Undoubtedly, raingauge 
measurements are by no means error-free, and raingauge networks are typically too sparse to guarantee sufficient re-
presentativity, especially when meteorological microvariability is on stage. Still, the fact that raingauges are far less com-
plex than radars and (most importantly) provide direct monitoring of rainfall, renders their measurements almost ipso 
facto more reliable than radar estimates; commonly they are taken as our “best bet” regarding the ground truth of preci-
pitation depth. 

Combining the two monitoring devices in a real-time operational environment involves a gamut of problems, variable in 
size and complexity. First a suitable method has to be identified and coded. A series of tests over significantly long time-
periods has to take place. Appropriate skill scores have to be collected and studied in a systematic fashion. Behaviour in 
typical and rare occasions has to be followed and understood. Results of any such suitable method will depend on a num-
ber of commonly complex and interacting factors, such as the meteorological condition, the involved topography, and the 
error structure of the monitoring devices. A real-time operational application depends to a major degree on the sophisti-
cation of the code it has been built upon, and the careful configuration of the involved parameters; human intervention 
has little share after deployment and the focus of such an application is to make correct decisions on how to treat myriads 
of situations, each of them ultimately unique. 

Apart from the scientific part, synchronization of data sources, timely retrieval, production of error-free, correctly-format-
ted input for the combination process to follow up f lawlessly, but also a broad exception-handling on a plethora of points 
that may not work as expected, should be taken care. Moreover, the output has to be consistent and useful in terms of 
format and metadata and clients needs, and be transmitted in a continuous and uninterrupted fashion to databases, repo-
sitories, or appear as online material. 

We will discuss our experience on working on a radar-raingauge combination tool over more than two years. We have 
employed geostatistical techniques which involve spatiotemporal information to model the correlations between precipi-
tation on raingauge locations, while using the radar field as external drift. The spatiotemporal aspect of our application 
improves the stability of our algorithm and the dependability of its outcome, while the involvement of the radar field 
assures that the trend and outline details provided by its monitoring are preserved in the output. 

The aim of our application (planned to start operating in the beginning of 2013) is to produce hourly-aggregated raingau-
ge-adjusted radar maps (resolution 1km2) of precipitation every 10 minutes. For this reason it has been built in a compu-
tationally-effective basis, employing numerous vectorized functions which operate simultaneously on all members of 
sizeable sets such as rasters. It is due to the speed of this approach that our algorithm is able to operate as a real-time tool 
with a high-resolution update rate.  

Although the main requirement is to produce precipitation maps within Switzerland where both radar and raingauge data 
are available, we employ sophisticated schemes to cope with the (extrapolation) regime outside the swiss border. We will 
present the concept of the “virtual raingauges” which is promising in producing a foundation for resolving such concerns. 
Moreover we will show how hourly- aggregations rainfall maps can be disaggregated effectively into shorter temporal 
scales, such as five-minute maps; this approach could be valuable for situations where very high temporal resolution 
precipitation maps are of essence. 

We expect this new product to be useful for a number of practical applications coming from fields where accurate preci-
pitation estimates are of importance, e.g. civil protection, f lash f lood warnings, intervention during f looding, f lood pre-
vention, hydro power management, agriculture, and tourism. Contact with representatives of these fields is continuously 
helping us to focus our efforts on targeted goals, but also expand our aim to meet broader needs of various areas. 
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Snowfall limit forecasts for hydrological modeling
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Hydrological f lood forecasting in mountainous areas requires accurate partitioning between rain and snowfall to proper-
ly estimate the extent of runoff contributing areas. Many existing forecasting systems rely for this partitioning on the 
standard hydrological method, which consists of computing the amount of snowfall based on ground air temperature. The 
most common method consists hereby of computing a linear transition from rain- to snowfall in a given air temperature 
interval (e.g. between 0 and 2°C). Within a forecasting context, however, such an air temperature-based approach omits 
the additional forecast information which is contained in the snowfall-limit forecast - a standard product of meteorologi-
cal forecasts based on limited area models (LAM). 

To overcome this shortcoming and to test the value of snowfall limit forecasts for hydrological modeling, we propose a 
method to make use of snowfall limit information from LAMs for a catchment-scale hydrological model (Tobin et al., 
2012). LAMs consider the vertical, humid, atmospheric structure in their snowfall limit calculations. The proposed ap-
proach is thus more physically-based than inferring snowfall limit estimates based on (dry) ground temperature.

The presented case study uses forecast re-analyses from the COSMO Limited Area Model as input for discharge simulation 
in the Viège catchment located in the Valais and part of the forecasting system Minerve (García et al., 2010). Results de-
monstrate that the use of COSMO snowfall limits during spring snow melt periods can provide more accurate runoff si-
mulations than routine procedures, with practical implications for operational hydrology in Alpine regions.

REFERENCES
García Hernández, J., Horton, P., Tobin, C., and Boillat, J. L.: MINERVE 2010 : Prévision hydrométéorologique et gestion 

des crues sur le Rhône alpin., Wasser, Energie, Luft, 4, 297-302, 2009.
Tobin, C., Rinaldo, A., and Schaef li, B., 2012: Snowfall limit forecasts and hydrological modeling, Journal 

Hydrometeorology, In Press.
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