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Abstract

The physically-based soil-vegetation-atmosphere-transfer model PROMET (PRocess-Oriented Model for Evapo Transpiration)
developed at the Institute of Geography, University of Munich, is applied to the Ammer basin (approx. 600 km?) in the alpine
foreland of Germany. The hourly actual evapotranspiration rate is calculated for a 14-year time series. A rainfall-runoff model, based
on an enhanced distributed TOPMODEL structure, is linked to the SVAT-model in order to provide a hydrological model covering
the water-cycle at the basin scale in a 30m-resolution. The model is driven with meteorological data taken from regular synoptic
stations of the German Weather Service. Soil physical and plant physiological parameters for the SVAT model were either measured
at the test site or taken from literature. The topographical parameters were derived from detailed digital terrain analysis. The study
intends to combine, within a GIS-based model framework, the understanding and application of physical processes inherent in the
basin such as the spatial distribution and temporal evolution of evapotranspiration and runoff patterns. The influence of an
evapotranspiration coefficient ET,,; implemented in the formulation of the soil-topographic-index, to account for seasonal
dynamics in distributed runoff formation due to the annual course of vegetation activity is investigated. The SVAT model shows
convincing results in the long-term water balance description with a mean annual deviation of less then 6% over a fourteen year time
period. Introducing the evapotranspiration-soil-topographic-index azr leads to a considerable improvement; the runoff model

component simulating the daily runoff over the year reaches an efficiency of € = 0.92.
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Introduction

The estimation of the spatial and temporal distribution of
natural water resources plays a key role in hydrological
research. Many models have been developed to simulate the
dynamics of hydrological systems. These models need to be
supplied with a reasonable but minimum amount of physio-
geographical data at a reasonably high spatial and temporal
resolution, employing different degrees of accuracy in
physical process description. The development in Geogra-
phical Information Systems (Bonham-Carter, 1994) enables
the digital description of spatial and temporal catchment
characteristics pertinent to hydrological modelling (Moore
et al., 1993; Kovar and Nachtnebel, 1996). In this study, a
GIS-structured, four dimensional database of static and
dynamic components is provided to meet the requirements
of distributed modelling of the water-cycle. Actual evapo-
transpiration is a key balance term in the hydrological cycle,
being the decisive limiting factor for river runoff and
groundwater recharge. It is a spatially heterogeneous
process depending on a large variety of influencing factors,

such as climate, vegetation and soil, which have to be taken
into account. To improve the understanding and the
simulation of the processes involved, detailed physically-
based and distributed models, such as the Systeme
Hydrologique European SHE (Abbott et al., 1986), or
Soil-Vegetation-Atmosphere-Transfer (SVAT) schemes,
such as the AMBETI (Braden, 1995), have been developed.
In this study, the PRocess-Oriented Model for Evapo
Transpiration PROMET (Mauser and Schidlich, 1998) is
applied; this calculates the actual evapotranspiration rates of
heterogenous plant stands over the year. The structure of
PROMET and its outputs are combined with an extended
version of the conceptual rainfall-runoff model
TOPMODEL (TOPopraphic MODEIL, Beven et al,
1995), to calculate the spatial and temporal distribution of
runoff formation and concentration for a one-year period in
the Ammer Catchment. Numerous applications and model
developments have emerged from the conceptual
TOPMODEL approach (Beven, 1997). They investigate
and emphasize very different aspects, such as sensitivity
analysis (Franchini ez al, 1996; Bruneau et al, 1995),
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distributed input data (Saulnier ez al, 1998), validation
methods (Seibert, 1999) and uncertainty (Beven, 1993) and
lead to a wide international distribution of the model
concept. Similar links of detailed physical model descrip-
tions and the TOPMODEL concept have been performed
by Famiglietti and Wood (1994), Watson ez al. (1996) or
Schulla (1997). Most existing models use quasi-three
dimensional descriptions with approximate solutions on a
variety of spatial discretizations (Romanowicz et al., 1993).
The vast development in computer power counteracts the
increased computational effort of distributed modelling and
allows a reasonable performance of the model in use. For the
wider application of complex models, it is also necessary to
create an interface providing extensive automation of data
management and processing, for which again GIS-tech-
niques can be exploited.

The study area

The Ammer catchment is located approximately 60 km
southwest of Munich in the Bavarian alpine forelands and
covers an area of about 600 km?. In its southern part, it
reaches the mountainous regions of the Bavarian Alps with
altitudes up to almost 2000 m above sea level. From the
steep slopes of the mountains, the Ammer river heads north
through the smooth relief molassic structures of the alpine
foreland, before it flows into Lake Ammer (533 m asl).
About 50% of the catchment is forested, while the rest is
mainly in agricultural use (90% pasture, 10% crop). The
mean annual amount of precipitation is 1200 mm, ranging
from 900 mm in the north to over 1800 mm in the
mountains.

The SVAT model PROMET

The physically based soil-vegetation-atmosphere-transfer
model PROMET (PRocess-Oriented Model for Evapo-
Transpiration) developed at the Institute of Geography,
University of Munich (Mauser and Schidlich, 1998), is
based on the Penman-Monteith equation; which calculates
the actual evapotranspiration as a function of water
availability, radiation balance and the physiological regula-
tion mechanisms of heterogeneous plant stands. The model
consists of a number of interdependent components
delivering the necessary inputs for the Penman-Monteith
equation (Eqn. 4):

e a one dimensional soil water module for the modelling
of the soil water content, as a function of infiltration,
exfiltration and capillary rise applying a simplified
solution of the Richards equation (Eagleson, 1978). For
homogeneous soils, the change in soil moisture 6§ is
calculated using the one-dimensional Philip equation,
with time ¢, soil depth z, hydraulic conductivity K and
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diffusivity D, written as:

0 5 50 OK(®)
Em[”(@)a]‘ 52 (1)

e a plant module, modelling the water transport in the
plant controlled by its stomatal resistance r,. This is
determined as a function of intercepted photosynthetic
active radiation PAR (Eqn. 2). Temperature, humidity
and soil moisture, represented by an environment
influence function g, are introduced as limiting factors
for r, (Baldocchi et al. 1987), with 7, i, being the plant
specific minimum stomatal resistance and 4 a plant
specific parameter

r(PAR) = (rymin + (b(PAR) - remin)/PAR) /g (2)

e an aerodynamic component modelling the removal of
transpired water vapour into the atmosphere
(Monteith, 1965). The fraction of shaded to sunlit leaf
area is calculated by a 10-layer radiative transfer model
(Norman, 1979) in order to scale leaf stomatal
resistance to canopy resistance. Plant height and
albedo, taken from measurements and literature, are
used to calculate the aerodynamical resistance r,, with
u(z) being the wind speed in altitude z, the Karman
constant k£ (=0.41), roughness length 2y and the
displacement height 4

=1 lu(z) - In? (zz—od) (3)

e a one-layer snow module describing the accumulation
and melt processes and calculating the melt water
runoff according to energy balance terms (Todini,

1996)

The kernel model of PROMET handles the modelling of
the actual evapotranspiration based on the scale-indepen-
dent Penman-Monteith equation (Eqn. 4), while the spatial
data modeller exploits the capabilities of GIS-techniques to
prepare the input data according to the application scale.

E o)
A-(Q—B)—i—p-cl,-(Lr—eL)
E, = £ (4)
A+7-1;HS

with A =slope of the water vapour pressure curve V.
temperature; - = psychrometric constant; = radiation
balance; B = soil heat flux; p = density of air; ¢, = specific
heat of air at constant pressure; E; = saturated water vapour
pressure at gauging level; e; = current water vapour
pressure at gauging level; r, = aerodynamical resistance
and 7, = plant resistance.

The maximum thickness of the intercepted water layer
I..x by the plant canopy depends on its leaf area index
(LAI) and is calculated as proposed by von Hoynigen-
Huene (Eqn. 5, 1983). Evapotranspiration from the
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Table 1. Water balance for the Ammer basin as calculated by
PROMET for a 14-year time series.

Year P ET P-ET  Runoff Absolute
(mm) (mm) (mm) (mm) Deviation
(%)
1984 1094,7 4959 598,8 539,2 11,1
1985 11574  555,1 602,3 575,0 4,7
1986 1226,3 531,2 695,0 667,2 4,2
1987 1190,2 503,1 687,1 654,8 4,9
1988  1279,6 5573 722,3 688,8 4,8
1989 1249,2 523,2 726,0 660,2 9,9
1990 1375,0 5783 796,7 745,5 6,8
1991  1022,3 5149 507,4 5474 7,3
1992 1080,6 574,5 506,1 515,7 1,8
1993 14914 536,2 955,2 859,8 11,1
1994  1143,3 5939 549,4 543,3 1,1
1995 1371,3 4929 878,4 777.4 13,0
1996 1300,2 513,6 786,6 751,6 4,7
1997 10929 4993 593,6 580,8 22
Mean 1219,6 533,5 686,1 650,5
Mean annual deviation 6,2
14-year deviation +5,47

interception storage is assumed to occur at the potential rate.

Tax = 0.935 4 0.498 - LAI — 0.00575 - LAI*  (5)

Until now PROMET does not consider lateral flow
between elements; therefore evapotranspiration loss may be

overestimated on slopes and underestimated on wet valley
bottoms. This problem is addressed in current programme
development. PROMET has been applied to the Ammer
catchment over a 14-year period from 1984-1997, comput-
ing the hourly actual evapotranspiration on a 30 m grid. For
this purpose, the gauged precipitation data are corrected
individually to account for the typical recording losses due
to the influence of wind turbulence, evapotranspiration and
moistening, employing a temperature and wind speed
dependent method (Schulla, 1997). Inserting the modelled
evapotranspiration into the water balance equation, and
comparing the resulting runoff term with the gauged runoff
at the catchment outlet shows a mean annual deviation of
6.2% (Table 1).

For further analysis, the hydrological year 1992 is
selected, since accurate land use information is available
from Landsat TM imagery. The deviation in runoff volume
for this period is only — 1.8% (Fig. 1).

However, this information supplies only theoretical
runoff availability and gives no further information on the
actual temporal and spatial distribution of runoff formation
and concentration.

To close the water cycle, the meteorological input and
evapotranspiration output of PROMET is used to drive an
enhanced version of TOPMODEL (Beven and Kirkby,
1979). The enhancement, which considers the annual
course of vegetation development in terms of evapo-
transpiration, has been developed by the authors. The
GIS structure of PROMET enables distributed processing
of the required input data for the runoff model. For the
purpose of distributed modelling, the spatial pattern of
evapotranspiration is evaluated accurately. Remotely sensed
thermal data offer an opportunity to validate the PROMET
output, due to the correlation of evapotranspiration with

Evapotranspiration

Runoff

Precipitation

1080.6 mm

74.5 mm

Measured discharge at gauge Fischen:

506.1 mm
515.7 mm

Fig. 1. PROMET modelled water balance for the Ammer catchment (hydrological year 1992).
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Modelled evapotranspiration,
May 28th 1992(PROMET) May 28th 1992 LandsatTM

Tsurface - Tair

0 1/10 mm 70

0 °C 20

Fig. 2. Validation of the evapotranspiration pattern modelled by PROMET in the Ammer catchment using Landsat TM surface temperature and

ground measured temperature data.

surface temperature. As a first step, neglecting a variety of
other important parameters such as surface and aerody-
namic resistance (Lu Zhang, 1995), the surface temperature
(Tsurface) taken from the thermal band of the Landsat TM
image of May 28™ 1992 minus the measured air temperature
(T,) is compared (Fig. 2). For the correlation, the
coefficient of determination of r> = 0.51 with the modelled
evapotranspiration pattern.

The Geographical Information
System

The four-dimensional, geographical database built for this
application contains a static and a dynamic component. The
static component consists of the topographical information
derived from the digital terrain model MilGeo (resolution of
1 arc s, 1m in altitude), a land use classification of a Landsat
TM image (May 28" 1992, 30 m resolution) using the
knowledge-based fuzzy-logic technique (Stolz and Mauser,
1996) and a digital soil map (30 m resolution), linked to
various tables containing the soil specific Brooks-Corey
parameters (Brooks and Corey, 1964). The land use is
coupled with tables describing the temporal development of
plant height, leaf area index and albedo for each land use
class.

The dynamic component of the GIS stores all meteoro-
logical parameter fields, which vary quickly in time and
space and have to be updated for each calculation timestep
(Fig. 3).
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The meteorological data are taken from regular synoptic
stations of the German Weather Service at a 7-hour
temporal resolution. The station data is spatially and
temporally interpolated (30 m grid, l-hour resolution).
For the meteorological parameters temperature, humidity,
cloudiness, from which global radiation is derived by an
approximation (Moser and Raschke, 1983) and wind speed
the temporal interpolation employs a cubic spline between
measurements. Particularly for precipitation however, it
distinguishes short events (single recording), for which a
Gaussian distribution is assumed, and long term events (at
least two consecutive recordings) for which the measured
precipitation is equally distributed in time. For the spatial
interpolation, the measured station values undergo a trend
analysis with elevation. The residuals from trend analysis
are then interpolated using a cubic inverse distance
approach. The interpolated residuals are then added to
the trend level. For these procedures, 12 gauging stations,
symmetrically distributed in and around the Ammer
catchment (in location and altitude) were available.

To derive topographically relevant model parameters,
such as the distribution of the topographic index, the
delineation of subcatchments and river networks and the
calculation of hydraulic lengths and slopes, an analysis of the
digital terrain model was conducted. Using the program
package TOPAZ (Garbrecht and Martz, 1995). It performs
an analysis based on the critical source area concept (CSA),
by interactively defining a distributed threshold of upslope
area for the development of a river and accounting for
possible heterogeneities in geology, pedology or land use.
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Precipitation

. A

Evapotranspiration

\ A

Snow-storage

Fig. 3. Dynamic components of the Geographical Information System.

The flow direction for every raster element is uni-
directionally defined according to the steepest slope. After
pre-processing of the elevation data, in which all sinks and
dam structures are removed, the delineation of the channel
network is performed. A subcatchment is then assigned to
each of the channel sections (Garbrecht and Martz, 1995).
Supplementary information, such as channel length and
slope or hydraulic length and mean slope of subcatchments
as well as the routing-sequence through all catchments, is
stored in tabular format and can be accessed directly by the
runoff model. The following datasets are provided for the
runoff component as fully distributed raster images in a
GIS-structure

e soil information containing the values of the soil
specific Brooks-Corey parameters (saturated hydraulic
conductivity K, pore size distribution index, bubbling
capillary pressure, porosity etc.)

e spatially distributed root zone storages derived from
soil-specific field capacity and plant-specific rooting
depth

e hourly or daily actual evapotranspiration rates as
calculated by PROMET

e temporally and spatially interpolated hourly or daily
precipitation and snow cover/snowmelt rates derived
from the synoptic data of the German Weather Service

e subcatchment structure and river network along with
the corresponding topographic parameters derived
from the digital terrain analysis

Furthermore, the necessary information for the compu-
tation of surface runoff concentration by time-delay
histograms is supplied, such as catchment size, hydraulic
length and channel slope and length. The digital terrain
analysis led to the distinction of 52 subcatchments within

the Ammer basin, for which the water-balance and the
resulting hydrographs are calculated individually.

The extended TOPMODEL

In this study, an extended version of the original
TOPMODEL is presented, taking advantage of the raster
GIS-structure provided by PROMET. Many assertions are
based on the adoption of so-called hydrologically similar
units, in which model calculations are performed for classes
believed to have hydrological similarity through belonging
to a specific class of the topographic index. In the work
presented here, by contrast, the local water-balance is
computed for each pixel in the catchment. It is assumed that
the consideration of distributed soil and land use informa-
tion as well as spatial rainfall patterns (Obled ez al., 1994) is
indispensible to understanding the physical processes
involved in runoff formation and hence for accurate
hydrological modelling. Nevertheless, three basic assump-
tions underpinning the TOPMODEL structure (Beven et
al., 1995; Franchini ez al., 1996) need to be held:

e the dynamics of the saturated zone are approximated by
successive steady states

e the hydraulic gradient of the saturated zone is
approximated by the local surface slope

e the decay of hydraulic conductivity K with depth z is
an exponential function of storage deficit S, with m
being the recession parameter, written as

K(z) = Kge5/™ (6)

Other formulations of the third assumption have been
investigated, such as a linear or a parabolic approach
(Ambroise et al., 1996), but are not applied in this study.
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Fig. 4. Spatially distributed evapotranspiration coefficient ET .5 for July 1992.

The available spatial distribution of evapotranspiration has
been incorporated into the theory of the topographic index
to account for the presently underated importance of land
cover and its hydrological activities in TOPMODEL. Using
PROMET, the actual evapotranspiration for each pixel in
the Ammer catchment is calculated on a hourly basis over
the hydrological year. The monthly mean of daily evapo-
transpiration is evaluated and divided by the annual mean of
daily evapotranspiration for each month to achieve a
spatially distributed “seasonal evapotranspiration regime”
for each pixel (Fig. 4).

The resulting coefficients (ET,,.) are used to create an
evapotranspiration-soil-topographic-index o g7, considering
seasonal deviations in runoff partition over the year (Eqn.
7). Thus, knowing the exact upslope area A4 and slope f for
each pixel from the digital terrain analysis, and using the
evapotranspiration coefficient and the saturated hydraulic
conductivity K, taken from the digital soil map, an
evapotranspiration-soil-topographic index ogr for each
element in- the catchment can be calculated (Fig. 5). This
development will consequently lead to a more dynamic
description of runoff formation, allowing not only for
temporal changes in the location of the variable source-areas
contributing to surface runoff, but also creating an overall
change in the separation of runoff components. The
formerly used static distribution of index-values is replaced
by a dynamic course of index distributions representing the
annual course of saturation excess runoff potential in the
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catchment (Fig. 6). Taking into account the mean value of
ogr, the shape of the ozy is of great importance in
predicting soil moisture patterns; thus longer high tails of its
distribution imply a greater saturated area and hence a
greater likelihood of saturation excess overland flow (Beven
and Wood, 1983).

A
r = In <ETm,f K - tan ,3) @

The spatial and temporal heterogeneity of the newly derived
index is demonstrated in Fig. 7, showing the actual change
of agr over the year distinguishing selected land cover
types. It must be emphasized that the a7 is not only a land
use dependent coefficient, but can be interpreted as an
integretion over all influencing physiogeographic charac-
teristics of any point in the catchment.

Three soil storages, a soil root zone, an unsaturated zone
and a saturated zone, govern the distribution of water in the
soil and therefore the partition of runoff in a surface and a
subsurface component. Thus, for each raster element and
timestep t, the water availability in the soil root zone (SRZ)
can be calculated by balancing the water content at t-1, the
system input (rain, snowmelt) and the output (evapotran-
spiration) from the SRZ. Since the evapotranspiration is
already balanced, the parameter SRMAX| formerly used as
the parameter for maximum storage in the upper soil layer
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-

Fig. 5. Spatially distributed calculation of the agr within a GIS-structure.

to control the calculation of actual evapotranspiration
(Bruneau et al., 1995; Beven et al., 1995) can be neglected.

Once the soil specific field capacity is reached, water is
transferred- from the SRZ.to the unsaturated zone (SUZ),
where the local storage deficit S; can then be computed as a
function of'the mean storage deficit in the catchment .S, and
the deviation of the local oz to its areal mean 7, scaled by
the recession parameter m (Eqn. 8).

A S
ET,p - Ks-tan;

S;=Su—m (ln 7) (8)
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Fig. 6. Dynamic course of agr distributions (cumulative frequency) for
the Ammer catchment.

The recharge rate g, into the saturated zone SZ (Beven
and Wood, 1983) is furthermore calculated as

. _ Suz
TS

©)

where Sz is the store of the unsaturated zone and ¢, is a soil
specific time delay parameter. The baseflow volume Q, of
each subcatchment at each timestep results as a function of
integrated storage deficit S, (Obled ez al., 1994; Beven et al.,
1995), initial baseflow Qp, and the recession parameter m
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Fig. 7. Interannual change of local agr-values for selected land-cover

types.
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DOHY 1992

=== Runoff formation by saturation excess

Fig. 8. Development of saturated area in the Ammer catchment during a flood event.

over the basin and can therefore be written as:.

Q=0 ™" (10)

Once the local storage deficit is zero, the soil is saturated
to the top and saturation excess occurs. Infiltration excess,
as the second possibility of surface runoff, is calculated by
the Green-Ampt infiltration model (Eqn. 11), with f'being
the infiltration rate, the porosity @, the effective soil suction
Sy the initial water content 0; and the accumulated
infiltration amount F.

rexfis(0-0-%)

The infitration excess is thus added to the saturation
excess, where it undergoes an overland flow algorithm based
on the application of time-area functions, derived indivi-
dually for each subcatchment from digital terrain analysis.
The time of concentration T, and hence the overland flow
velocity as its derivative, was calculated by the SCS-method
(Eqn. 12, Soil Conservation Service, 1985), for which all
necessary parameters were provided from the GIS (over-
land retention from land-cover-soil complex S) and the
digital terrain analysis (hydraulic length A and mean
catchment slope y).

()

_1,67-2%.(S-1)
T 1900 /4

The channel routing was then performed using a simple
constant wave velocity routing algorithm (Beven & Wood,
1993). The Ammer river and its tributaries are equipped
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T;

(12)

overall with ten gauging stations, for which the master
recession curves and thus the subcatchment specific
recession parameters m were derived by an analysis of
numerous baseflow recession curves. The //Q transforma-
tion of an exponential transmissivity profile (Ambroise et al.,
1996) was assumed. Each ungauged subcatchment was then
assigned to one of the resulting values of m, according to
physiographic similarity. It is important to state that the soil
vertical Kg values for the lateral hydraulic conductivity
remain the only model-inherent ‘fitting’ parameter for the
description of runoff formation.

Output options include the spatial and temporal devel-
opment of runoff formation in each catchment, the local
storage deficit, the local computed water table depth and the
saturation excess. Figure 8 shows the temporal and spatial
distribution of saturation excess in the Ammer catchment
with the resulting modelled hydrograph during a flood
event in 1992.

Results

In a preliminary model run, using a spatially distributed but
conventional soil-topographic index, the hydrograph for the
hydrological year 1992 and the spatial and temporal
distribution of surface runoff and storage deficit of the
unsaturated soil compartment were computed on a daily
basis and a 30 m grid. The model results show some specific
deviations, which originate from neglecting seasonal
dynamics. Though the runoff volume is modelled with
reasonable accuracy throughout the year, the seasonally false



Modelling catchment hydrology within a GIS based SVAT-model framework

w
P T T T y r
E e o7 102 107 12 17 122
% 60
& 50 - f\ Qgauged [m?s]
- --—Qmodelled [m¥s]

—— Qmodelled using ET-Index [m*/s]

0 T T T T T
260 265 270 275 280 285 290

Day of hydrological year 1992

Fig. 9. Effect of using the opr (ET-index) in hydrograph simulations
Jfor a winter (upper) and a summer event.

partition between its components shows the need for further
investigation. During the winter months, the modelled
surface runoff consistently underestimates the measured
values while overestimating the baseflow term; the reverse
effect can be detected during the summer months. It is
believed that influencing factors for this phenomenon can be
seen in the seasonality of the plant root activity, its influence
on evapotranspiration and hence the emptying of the
uppermost soil root.zone, the seasonal surface roughness
and surface flow resistance and the increased re-infiltration
capacity along macro-pores. It is, therefore, assumed that
the potential for producing saturation excess rises in winter
time, due to a reduced or non-existing root activity in the
top-layer of the soil profile. The method applied to correct
the resulting model errors has been described in the
previous section by adopting the evapotranspiration-soil-
topographic index oy Re-running the model shows
remarkable improvements in the hydrograph simulation
for selected events (Fig. 9) and in the annual comparison of
differences (Fig. 10).

The redistribution of the runoff volume leads to a better
simulation of the discharge peaks and to a improved
approximation of the measured runoff hydrograph in
general. Figure 11 shows the final model result applying
the azy for the Ammer basin over the hydrological year

1992 with an efficiency € of 0.92 (Nash and Sutcliffe, 1970).

Taking advantage of the graphical output of the
PROMET infrastructure, an accumulated saturation excess
image is created, dlsplaymg the frequency of saturation at
each point in the qatchment over the hydrological year 1992
(Fig. 12, n = 365). It delineates the areas of high saturation
probability and cagl ‘therefore be used in a variety of

J Comparison of modelled (Qm) minus gauged (Qg) discharges using
regular index values (index) andagr (ET-index)

Runoff difference Qm - Qg [m*/s]

¢ Index (RMSE = 2.84 m?/s)
° A ET-Index (RMSE = 1.8 m¥/s)

60 90 120 150 180 210 240 270 300 330 380
Day of hydrological year 1992

0 30

Fig. 10. Differences of modelled runoff-measured runoff before and
afier applying opr.

domains, such as agriculture, to identify areas of both likely
water stress or inundation.

Conclusions

The paper presents a model structure, combining the
physically-based SVAT-model PROMET with an extended
version of the conceptual TOPMODEL, to simulate the
catchment hydrology for the Ammer basin over a one-year
period. In this approach, the interpolated precipitation
fields as well as the calculated snowmelt and evapotran-
spiration patterns provided by PROMET are evaluated as
spatially distributed and high resolution terms to balance
the soil water storage retrieval for the runoff component in a
distributed sense. The runoff model introduces the
application of a dynamic evapotranspiration-soil-topo-
graphic index agT, to account for an annual course in
runoff formation controlled by plant development. For this

NN Precipltation [mm}——— Qgauged [m¥s] - ~---- - Qmodelled with ET-index [m¥/s]
70 0
10
60
20
50 30 g
7 40 §
EY i
- >
30
2 805
20 : 703
H
0 A ¥ 80
Yy 90
[ . T . 100
0 30 € 90 120 150 180 210 240 270 300 330 360
DOHY 19982

Fig. 11. Final model result for the hydrological year 1992 in the
Ammer basin using agr (¢ = 0.92).
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Fig. 12. Frequency map of saturation excess (number of days) in the
Ammer catchment for 1992.

purpose, a distributed evapotranspiration coefficient is
calculated from the validated PROMET results of a 14-year
time period. In contrast to most existing TOPMODEL
applications, where runoff formation is basically controlled
in time and space by a static distribution function, this
enhancement accounts -for seasonal -dynamics - in -runoff
formation as a function of plant development and therefore
allows a more realistic description of variability in the
variable source-area concept. For the Ammer test site, the
application of this newly implemented index formulation
leads to a considerable improvement in the simulation
result, quantified by a decrease of the root mean square error
from 2.7 to 1.8 m® s ™! over the model period. This approach
provides a simple but efficient method to include the
influence of vegetation in modelling runoff formation. The
example given provides a first step towards the quantitative
assessment of distribution and dynamics of land surface
parameters in a conceptual rainfall-runoff model, provided
by an uncalibrated physically-based SVAT model. Apply-
ing the evapotranspiration coefficient in-the formulation of
the topographic index theory serves as a useful tool
accounting for changes in runcff production and formation
in terms of a rapidly changing environment. The approach
presented here allows for a reduction in calibration. Further
testing and sensitivity analysis will be necessary to establish
the azr for a wider range of applications and before the
important scale issue can be investigated.
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