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Abstract. WaSiM-ETH (Gurtz et al., 2001), a widely used dilemma. However, hydrological systems are described by
water balance simulation model, is tested for its suitability to non-linear functions, taking into account antecedent condi-
serve for flow analysis in the context of rainfall runoff mod- tions as well as rainfall volume and rainfall distribution for
elling and flood forecasting. In this paper, special focus isthe surface and subsurface processes of runoff generation.
on the resolution of the process domain in space as well a¥his leads us to non-linear models, where the scaling pro-
in time. We try to couple model runs with different calcula- cess might become difficult, especially with rising numbers
tion time steps in order to reduce the effort arising from cal- of effective parameters.

culating the whole flow hydrograph at the hourly time step. Portraying the complexity of hydrological processes in a
We aim at modelling on the daily time step for water bal- model is a well-known sore point to the hydrological com-
ance purposes, switching to the hourly time step whenevemunity. Including more complexity into models possibly
high-resolution information is necessary (flood forecasting).leads to more reliable results as far as stream flow simula-
WaSIiM-ETH is used at different grid resolutions, thus we tion is concerned. This is not always the case, as Butts et
try to become clear about being able to transfer the model iral. (2004) describe results of investigations in the Blue River
spatial resolution. We further use two different approachesBasin in Oklahoma where sensitivity due to the variation of
for the overland flow time calculation within the sub-basins acceptable model structures are of the same magnitude as the
of the test watershed to gain insights about the process dydncertainties arising from other sources (discharge measure-
namics portrayed by the model. Our findings indicate thatment, parametric uncertainty, rainfall measurement). This
the model is very sensitive to time and space resolution andguggests that there can be important benefits in exploring dif-
cannot be transferred across scales without recalibration.  ferent model structures as part of the modelling approach.

In this context, within the broader frame of the gen-
eral behaviour of the WaSiM-ETH model, we focus on the
soil module, the latter representing the crucial part of the
WaSiM-ETH runoff generation and concentration approach.

Identifying the dominant process controls at different scalesln Sects. 2:and 3 of this paper we shortly introduce the model

is the starting point of any discussion of scaling issues inand study area respectively. After the preliminary sensitivity

hydrology. Beven (2001) described the problem of Scalinganaly5|s described in Sect. 4.1 we use the model at different

as the difficulty to aoplv a hvdrological model to a particular resolutions (time and space) in order to learn about the spe-
y Pply a ny 9 P cific model behaviour in scaling issues (Sects. 4.2 and 4.3).

catchment with its own, unique characteristics. As a last con- To evaluate the impact of different underlying structures

sequence of this view, scaling theories will ultimately prove oo . .
. . . we exemplarily investigate on the degree of complexity of
to be impossible (Beven, 2001). It is therefore necessary t . SO : .
he flow time determination (Sect. 4.4). This leads to dif-
accept the scale dependence of model structures. Contrary

this belief, Bbschl (2001) suggests that resolving the scal-c'"J results depending on the dominant processes of the
. . y . . considered event.
ing problem is possible. Real advances in hydrological prac-

tice and theorising will arise from the solution of the scaling

1 Introduction

Correspondence tal. Cullmann
(johannes.cullmann@mailbox.tu-dresden.de)

Published by Copernicus GmbH on behalf of the European Geosciences Union.



74 J. Cullmann et al.: Flow analysis with WaSiM-ETH

0827 5 096 1.1 >
- 3
JP L loate., 1 1
i -
Infiltration according te Direct runoff . 0z . e *
GREEN & AVPT et KLSQD ooz g e, | P9 et
¢ L] o
Evaporation - a4 p 054" 1
irati Peak 09z te 088 07
: [nterfl ow 32 40 485 332 40 43 B4 8 95
] : ) KLSOD KLE0I dr
-4 : —E’EQL dr Eow 0935 Q o 18,
; 2 [nterfl ow ol 4 b 3254 6 L 1
'y m: ——i [mmm/h] . . .
: 0925 .* *e 12
; - 0.924 -
T Laéverx}xickmlzss 00zge® LT '.‘.‘. 1
es
Canill . AKrec 0919z 18%%76 022z ozedsiz os4 o7es
apt rse
Sucpti oiqflead K-rec oli] Layer thickness
_']'?:'seﬂow Fig. 2. Ranked sensitivity for soil parameters in WaSiM-ETH. Ar-

09 rows mark best fit for the calibrated event.
KLSQD Recession constant for direct runoff’ Runoff concentration
3 Study area and data
KLSQI Recession constant for interflow Runoff concentration
dr Drainage parameter Runoff generation The study area isall7 I@nsubcatchment of the Schwarze
: Pockau River. The nearest gauging station represents
e Factar costrolling decrease of Runoff generation 129kn? and is situated a few 100 meters downstream of
hydraulic sonductivity with soil depth the watershed outlet used in our study. The watershed under
o0 Scaling factor for base flow Runoff generation consideration covers the northern SIOpeS of the Ore Moun-
Lver tains in Eastern Germany from about 900 ma.m.s.l. down to
. Soil discretisation Computation set up 300 ma.m.s.l. Roughly 40% of the watershed is covered by
ICHHEEE . .
forest whilst the agriculturally used area accounts for about

30%, the rest being fallow land or characterized by human
Fig. 1. Soil water module structure of WaSiM-ETH (investigated settlements. The basin hydrology is near natural state; there
parameters are marked in bold),denotes precipitatiorm is the are no major human impacts on the flow dynamics. We use
soil compartment flow. the soil map Bik 200 (scale 1:200000) for soil classification
and derive the Van Genuchten parameters according to the
AG Boden (2005), this results in an effective parameter set
characterizing the soil, which might not sufficiently represent
the true parameter distribution within our test site. But as we
focus on the general behaviour of WaSiM-ETH and no more
WaSiM-ETH is a modular system. It comprises the interpo-detailed data is easily available no fl.thher. effprt was m.ade

to support or correct our parameters (i.e. with field investiga-

Iat|on_of meteorolqglcal input data. Va_rlous modules thentions). The land use data was taken from Corine (2000). The
describe interception, snow accumulation and snowmelt as

- L . . meteorological data used in the study consisted of 1 km grids
well as evapotranspiration. Radiation correction for different e ; . -
. : . . of precipitation, temperature, wind speed, air humidity and
slopes and aspects is optional as well as a rainfall correction, o
. : . . Qlobal radiation of the years 1974, 1983 and 2002. The data
With the aid of the Green-Ampt approach the direct runoff is . . ) e
. o ) was interpolated from station data using external drift kriging
determined and a stable boundary condition is provided for, S : L
. : . : . for precipitation and temperature and ordinary kriging for the
modelling soil water dynamics with the 1D-Richards equa- :
. - SO other input data.
tion. The soil discretisation into i layers allows for the cal-
culation of interflow from each layer. A detailed scheme of
the soil module, together with the investigated parameters, ig;  |nyestigations on the model behaviour
given in Fig. 1. Groundwater dynamics is portrayed by a 2-
D module or with an optional lumped conceptual approach.4.1  Simple sensitivity analysis
In our study we used the latter option because reliable in-
formation on aquifers in the mountainous catchment is notin our study we used a simple sensitivity analysis, focusing
available. WaSiM-ETH routs the channel flow by means of aon the parameters of the soil model. Amongst others, we
translation module with a simple storage built in to accountuse the soil layer thickness in this first analysis, although
for diffusion. For a more detailed model description we referit is a numerical parameter used to discretisize the solution
to Schulla and Jasper (1999). of the Richards-Equation. The soil layer thickness therefore

2 The model
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Fig. 3. Sensitivity measure (Eq. 3) for different modelling time Fig. 4. Sensitivity measuré (Eqg. 3) for selected model parameters
steps. on different grid resolutions.

depends on the space-time set up of the model domain, ang
must not be considered as a process parameter. To controf

the overall soil thickness the number of soil layers can beThe model was used at the daily time step to calculate the
adjusted. Nevertheless, in WaSiM-ETH, this parameter hag o pajance up to a date of interest. Then the time step

effect on the runoff generation and the setting should be ®XWas switched to hours in order to refine the information in

ercised r}v't h chaust!lc\)/lnél_r:eXIo;{v 'S caIcngted n a twtﬁ'SFeF’ the time frame of interest (flood event). A simple sensitivity
approach in ¥vastivl- - Atirst, a maximum possible In- o 5q) e (Eq. 3) was calculated in order to check upon the

terflow (gif, max is calculated by means of Eq. (1). feasibility of this approach.

2 Varying modelling time steps

gif.max = (O(¥) = Oy—345) - Az - At L (P(+10% — P(-10%)
P

®3)

With ®(y) water content at actual suctigh[-] With S sensitivity measure [-]

Oy =345 water content at suctio=3.45m [-] P.10% peak discharge of the considered flow hydrograph
Az layer thickness [m] for parameter +10%
At time step [s].

P_10% peak discharge of the considered flow hydrograph
for parameter-10%

P peak discharge of the considered flow hydrograph
for standard parameter set.

In a second step, a conceptual interflow rate is calculated
according to Eq. (2).

qifl = ks(®Op) - Az - d, - tang (2)

Figure 3 clearly shows, that the most sensitive parame-
wherek;  saturated hydraulic conductivity [m/s] ters in the soil model, i.e. the main parameters influencing
O water content of layemn [-] the processes of runoff generation, show differing sensitiv-
Az soil layer thickness [m§, drainage parameter jty to parameter variation on different levels of time reso-
B slope. lution. This makes recalibration necessary if the time step

is switched. The modelling time step cannot be simply

Eqautions (1) and (2) are both calculated, the smaller réswitched from hourly to daily and vice versa.

sult is then taken as the interflow rate.
Figure 2 shows the results of the simple sensitivity analy-4.3  Varying modelling resolution in space
sis. Only one parameter at a time was varied (uniform distri-
bution, 5% parameter value changes per step). The sensitivWaSiM-ETH has been used for seven grid resolutions vary-
ity analysis was carried out with respect to the peak flow. Weing from 500 m to 3500 m in our test watershed. The land use
can easily see, that the layer thickness is the most sensitivand soil type data were therefore up-scaled from the origi-
parameter for the soil water dynamics, closely followed by nal 500 m grids by means of the standard nearest neighbour
the drainaged,) parameter. While dr is a simple scalar the approach implemented in GRASS-GIS. The evaluation cri-
soil layer thickness shows a non-linear behaviour. For modeterion for this study is the simple sensitivity index according
calibrationd, is the more suitable parameter, soil layer thick- to Eqg. (3). The somewhat discouraging result of this exercise
ness should once be set according to the results obtained from shown in Fig. 4. It is far from any kind of functional re-
close examination of numerical stability criteria. lationship that would allow for the allocation of parameters

www.adv-geosci.net/9/73/2006/ Adv. Geosci., 9, 782006
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4.4 Process representation in modelling

A test has been carried out in order to deepen our knowl-
edge about the impact of different representations of a cer-
tain process in the given modelling framework. We have
therefore used two different approaches to calculate the over-
land flow time for the sub-basins of our watershed. The flow
time is used in the runoff concentration of WaSiM-ETH. The
first method we employed is the standard method used in
TANALYSIS (Schulla and Jasper, 1999). Here, the flow time
is a function of the slope alone. The second test method is
based on the assumption that overland flow velocities in wa-

tersheds do not depend on the slope alone, but also on the
Fig. 6. Direct runoff components for the summer flood event 2002. |and cover. Therefore we have set up a GRASS-toob¢2y
Q.dirtopo is the topology based flow time, @r_land is the com-  2004) which implements the empirical functions of Dyck
bined landuse and topology based flow. (1983), who published flow times for the study area as a func-
tion of the slope and land use. The differences in flow times
can be seenin Fig. 5. The agricultural areas in the lower parts
of the watershed have an accelerating effect on overland flow,
while the forested parts of the upper basin show a more grad-
at different grid sizes, especially if various parameters are in-ual response compared to the flow times calculated by means
volved in the calibration process. There is no trend that couldof the slope alone. A test run for the summer 2002 flood
encourage formulating a rule-based system for the parametavent is shown in Fig. 6. As expected from the flow time
handling at different grid scales. Especially the scalar dr isdistribution the variant which is based on slope and land use
highly unstable if the sensitivity value is considered. Someshows a faster reaction due to lower flow times in the agri-
of this sensitivity might be explained with the different soil culturally used reaches. The beginning of direct runoff starts
type proportions on differing resolutions, which are not ac-2h earlier than in the model version with the purely slope
counted for by the sensitivity measure. Based on our studypased flow time. The main peak is somewhat lower, because
alone we are not able to find any precise rules on space dea significant part of the flow has left the watershed before the
pendant parameter sensitivity. It would be useful to repeatwater from the forested upland reaches the lower parts of the
this study with artificial data and uniform soil and land use watershed. The peak flow occurs two hours earlier for the
data. land use based approach. For a watershed with a travel time

Adv. Geosci., 9, 73#7, 2006 www.adv-geosci.net/9/73/2006/
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of about six hours this seems to be a substantial differenc&dited by: R. Barthel, J. @&zinger, G. Hartmann, J. Jagelke,
in flow dynamics. As we do not have any validation data for V. Rojanschi, and J. Wolf

overland flow we are not able to discriminate between thesdreviewed by: anonymous referees

two approaches.
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different approaches used for overland flow time determina-
tion. This underlines the statement that the model should be
used with extreme care as a more or less realistic represen-
tation of the flow time leads to different parametrerizations
when the model is calibrated against a measured flow. In the
presented example a major flood was used to investigate the
direct runoff. If the model is used for flood events with differ-
ing direct runoff/interflow shares the results might be differ-
ent. This also has to be seen in the light of the specific land
use distribution within the test catchment with the forested
area in the upper catchment farther away from the catch-
ment outlet. The impact of the shown effect can be larger
or smaller with different land use and land use distribution.
Therefore this study only spotlights some of the problems
encountered when using WaSiM-ETH for flow analysis. We
thus can only encourage the hydrologic community to further
investigate on the impact of model resolution and model pro-
cess representation on the results of rainfall-runoff models.
A thorough comparison of different models under the afore-
mentioned aspects would also help researches to judge future
model parameterizations and results.
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