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Abstract The concepl of Hydrological Response Units (HRU's) and their delineation by GiS-analysis o two
headwater cachments (A = 4.22 km) of the Thuringian Forest in central Germany to model the impacts of alforesiration is
presenied. MRU's are designed as object orientated model entities and can be used in regional hydrological modelling of
different scales. To model the systems dynamic the PRMS/MMS models was adopted and HRU's were delineated by GIS
overlay and DEM (Sm x 5m grid size} analysis to classify pedo-topo-associations and different cover density classes. The
PRMS/MMS model was parameterized that rainfall input not contributing to evapotranspiration was routed to a common
subsurface storage , which drained by interflow to the shallow groundwater aquifer in the valley floors, which in wrn drained
10 the channel network. The model was first calibrated on two spatiaf discretisation of 9 and 17 HRU classes, using & four-year
daily data time series (1979-1982). The achieved parameterization is at the time used to run the model over a daily data time
series from 1050 GH 1996, Al the beginning of that time intervall about 70% of the spurce forest was planted. The longterm
lime series will be used ta assess the concept’s and modei’'s capability as well as the sensitivity of the number of the HRYU
classes o simulate changes in the vegelation cover, such as an upgrowing forest. Future work will concentrate on the
determination of variable parameter sets to account for the change in vegetation cover over the years. Futhermore due to the
integration of remoie sensing techniques the concept of the model will be applied te other north exposed catchments in the
Thuringian Forest.

1 INTRODUCTIGN

In recent years the application of hydrological models has
added a lot of knowledge to the understanding of the
natural system {Haan et al., 1982]. The model performance
thereby highly correlates with the available data from field
studics. Publications by Kirkby [1978], Leavesiey et al.
(19831 and Anderson & Burt {1990] show examplarily the
vained conceptual and  physical  understanding  of
watershed  hydrology., Through  the decades, some
hvdrelogical models have become more distributed and
physically based to acceunt for this heterogeneity of the
hydrological system.

The modulary  structured  precipitation  runoff  model
PRMS/MMS [Leavesley et al., 1983} applied in this study
fulfitls this condition allowing model adaptions to varicus
hydrofogical regimes. To deal with the heterogencous
assembly of land surface data geographic information

systems provide a set of toeols (o automize model
parameterization [Maidment, 19911,

Behind this background wwo well studied headwaler
catchments in central Germany were selected o simulate
the systems response under an upgrowing forest using
current model and GIS strategies.

1.1 Objectives

The objectives of this study, are: {i} to develop a HRU
concept for headwater catchmenis based on the analysis of
the hydrological system using the two test catchments of
the Schmiicker Graben and the Sreinbach; and (1) w
simutate the hydrology of both basins in respect to the
upgrowing forest with the PRMS/MMS model.



1.2 Study area

The study area is located on the northern slope of the
Thuringian Forest, a montaincus area in central Germany.
It covers the headwater catchments of the Schumiicker
Crraben (A=292km?) and the Sreinbach (A=1.32km?) of
the Gera-Saale-Elbe-system. The clevation ranges from
714 m at the confluenece of both streams to 982 m at the
(roffen Beerberg, the highest peak in the Thuringian
Forest. Both valleys drain in an aimost northern direction
and can be clearly differentiated by their watersheds. The
upper valley of the Schmiicker Graben is characterized by
aentle slopes which are getting steeper in the lower part,
whereas in the Steinbach steep slopes are found throughout
the whoele eatchment,

2

ANALYSIS OF THE HYDROLOGICAL SYSTEM

td

.1 Basin Characteristics

The climate of the siudy area is oceanic dominated. During
the summer, convective storms are [requent and in the
winter half-year advective rainfall is dominant. The
longterm annual precipitation is {340 mm with an average
anual temperature of 4.3 Celsius. Above an altitude of 700
m & snowcover above lem can be expected in 120 - 125
days a year. The snow accumulation normally starts in the
middie of November and lasts till mid or end of April,
Geologically, the study area consists alternating of quartz
porphyry and porphyry tuff. Surveys have showed that
deep percolation 1s negliable and both systems react as a
Recent studies pointed out that the
hydredogical dynamic is  influenced mainly by the
mrerflow and can be described as follows: (i) the convex
tops of the highest elevations are structured in a way that
the [ractured system of the guartz porphyry is filled by
loumy material  which  impedes the infiltration of
precipiation and leads to a downslope water movement;
(1) in depressions the water gets stored which causes the
development of wetlands; (iii) along the slopes the water
path follows the consolidated layers in the cover of the
debris and feeds many Hule springs; (iv) the layers in the
cover of the debris are tegularly arranged which favours an
ccheloned How of the percolating water,

As outlined in the introduction the change of the
vegelation cover is one of the main topics of the study. The
vegelation analysis is based on intensive studies from
Schifiter [1969] and the data base of the forest service.
Schlitter used indicator plants to distinguish areas of
different soif mowsture. His results were compared o
mliltraiion measurement data by Stephan [1968]. Schiiiter
[1969]  differentiated  six  different habitat locations
converning their hydrological characteristics (spring fens,
high bogs, mostly wel, intermediate wet, intermediate dry
and dry locanons), His study showed that the low number

hig  lysimeter.

1678

of different, modest species is mainly caused by the water
balance. Stephan came to the same conclusions and
showed that the spatial distibution of different species can
be clearly correlated to the morphologically stimulated
groundwater occurrence, Schliiter and Stephan {1968]
summarized that the mostly wet and spring fen habitats
were found in reception basins, in smali depressions and
the bottom contour lines. The intermediate wet and dry
habitats show a  water balance based but  aspect
independent vegetation distribution along the plains and
slopes. Steeper slopes lead to a fast groundwater discharge
and a concentration of dry habitats.

These former vegetation and moisture chameterisues are
essentizl 10 get an understanding for the water balance
moedeling over time and are connected w0 the da of the
forest data base. This data base consists of stands
information such as heights. widihs, LAL cover density
etc. and is updated every 5 vears for forest production
planning.

2.2 Concept of the data base

For the study area an information system was build up 1o
manage the data handling of the tme series and the spatial
distributed data fayers. The time series analysis is done in
the data base system ORACLE. The data pool consists a
the moment of the following: (1) daily runcff of two gaging
stations  since 1959; (ii} groundwater levels of 11
manitoring wells for different time steps (continuous,
weekly, monthly): (i) daily precipilation data at the
confluence of both torrents since 1959; {iv) decade valuus
of 12 (otalisators in the Schmiicker Graben cachment for
the years 1979 10 1982; (v) daily hydrometeorological data
of a station from the German weather service just outside
the study area since 1978 and (vi} measurements of soil
moisture and snow caver.

Concerning the spatial distributed data an ARC/INFO data
base was constructed which uses the lopographic data of
the German ordnance survey as georeference. Additionatly
a DEM on a 5m x 5m grid was used. At the moment the
following data fayers are available in the GIS data base; (i)
layers of geology, geomorphology, siope and aspect; fii)
vegetation and soil moisture maps; (i) different maps
generated from the forest daia base: (vi) scanned
topographic and forestry maps; and (v} plans and visual
material of the field instrumentation and the catchments,
As visualisation and interface 1o the data base ORACLE
ARC/VIEW and its macro language AVENUE iy used,

3 RESULTS
3.1 Delineation of HRU s

In Fig.  a basia segment with its subsystem storages and



their interlinked waler fluxes is shown. The schematic
presentation can be seen as an abstraction of the natural
hydrotogical systems of the Schmicker Graben and the
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geneity that can be grouped together w different associations.
Revarding the vegetation cover figure 1 clearly shows that
cach vegetation class is located on a specific topo-pedo-
geological association forming a unigue entity in the basin.

After FLUGEL [1995] these unique entities are defined as
Hydrological Response Units:

"Hydrological  Response Units  are  disiributed,
hererogenously structured areas with common land use and
tope-pedo-geological associations controlling their unigue

Ivdredogical dyvnamics.”

Based on the sysiem analysis and the understanding of the
hydrological dynamics of both calchments, two different
HRU classifications were delineated for the modeling
application, They are shown in Fig.2 and Fig.3 and can be
interpreted as fobows:

In both cases the geology being very homogenuous within
the bwo basing was not taken mto account. The topo-pedo
associations were considered by using two slope classes
pslope 1= 0-7  with deeper soils and slope 2 > 7 with

Steinbach. The different subsystems such as topography.
soils, geology and vegetation are adding to a three-
physicgraphic hetero-
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Schematic presentation of basin subsystem storages and their interlinked water tluxes o delinate HRU's {after

shallow soils). A more detailed differentiation in the topo-
pede sequence could be achieved by generating soil classes
from Schliter's soil moisiure classifications. According to his
habitat locations concerning the hydrologicsl dynamics the
spring fens and high bogs were grouped as wetlands, the
mostly wet lecations jomned with a 10 m stream bufler
generated from the DEM as gleysoils and the remaining
moisiure class as podzol. The use of Schliter's soil moisture
classification additicnally rakes the vegetalion into account
from which the soil moisture classes were  derived.
Furthermore the cover density (od in Fig. 2 and Fig.3) was
used as thematic laver w0 consider the effects ol the
upgrowing  forest which  contolls  the interception  and
evapotranspiration. Cover density was devided into three
classes (grassiand, low density of the tee cover and high
density of the tree covery. In Fig.3 an additional aspect layer
was added 1o place rmore emphasis on the snowmelt process,
The aspect was hergby devided into a porthern {0-907 und
270-360%) and a southern (90-2707) exposition.
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In Tab.1 the physical properties of the HRU-9 classification
15 summarized.

HRU Suils cover density | Slope [%] | Mean elevation [m] Mean slope [%] Area [kn?]
! padzol grassland <12 958,47 8,96 0,0135
2 podzol arassiand > 12 930,10 2348 0,0579
3 podzof low <12 880,18 8.58 0,1263
4 podzol low > 12 853.68 26.38 (.3530
3 podzol high <12 922,67 8,54 (0,8335
6 podzol high > 12 872.47 25,29 2.0848
7 gley grassland < 12 895,03 8,63 9.1410
8 gley grassland > 12 852,85 24.97 0,4680
9 wetlands | all all 893,37 12,40 0,0826

Tab. 1: Physical properties of the HRU-9 classification in Fig.2

3.2 MMS/PRMS Application

Both HRU delineations were tested using the PRMS/MMS
model. A daily data time series from 1979-1982 were used
for model calibration and parameter adjustment. This time
intervall was choosen due to the best available data and the
fact that this period represents vegetation conditions of a
partty grown spruce forest. This first model application gave
very close results for both HRU delineations. The model
using 17 HRU and accounting for a higher level of basin
heterogeneity simulated a slightly closer hydrograph to the
observed data. According w0 these first model runs the
following changes in the model will be made for the
simulation runs over the time period from 1959 till 1996; (i)
tn order (o simulate the change in vegetation cover the used
cvapotranspiration algorithm after Jensen & Haise (1963)
will be replaced by a vegetation sensitive algorithm; (i} due
o over 150 foggy days a year in the study area en algorithm
e simulaie fogginess will be integrated into the PRMS/MMS
mudeling system: and (i) in order to simulate the vegetation
vonditions o an upgrowing forest variable parameter files
must he read by the system during run lime.

4 OUTLOOK

The further research will mainly focus an two topics. First o
simulate the dynamic of the vegetation change a direct
adopiion of vegetalion parameters such as cover density and

LaATmust be directly supplied by a data base during the

runtime of the model. Secondly parameler sets have o be
defined to aliow the application of the model 10 headwiter
catchments in the Thuringian Forest were much less datu is
available,
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CONCLUSIONS AND RECOMMENDATIONS

The simple genetic algorithm (GA) method has been
modified through:

= a finewning strategy involving automatic search range
reduction and creep mutation of the elitist parameter
set;

a a hillclimbing strategy consisting of automatic search
range shift to the promising regions of search; and

= the use of independent subpopuiation searches coupled
with shuffling.

The modified GA effectively locates the giobal optima of
the three test problems at varying levels of efficiency while
the simple GA performs peoorly with all three. It seems that
the modifted GA can be considered effective but not always
efficient. Further tests would be needed to reveal more fully
the capabilities and the limitations of the modified GA.
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