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Abstract. This paper analyses the effect of spatial input datahigh correlation coefficients for all investigated catchments
resolution on the simulated water balances and flow compoand data sets (e.g. actual evapotranspiration is correlated to
nents using the multi-scale hydrological model TOPLATS. A land use, surface runoff generation is correlated to soil prop-
data set of 25 m resolution of the central German Dill catch-erties). Predominantly the correlation between catchment
ment (693 kmi) is used for investigation. After an aggrega- properties (e.g. topographic index, transmissivity, land use)
tion of digital elevation model, soil map and land use classi-and simulated water flows varies from catchment to catch-
fication to 50m, 75m, 100m, 150 m, 200 m, 300 m, 500 m, ment. Catchment specific properties determine correlations
1000 m and 2000 m, water balances and water flow compobetween properties and fluxes, but do not influence the effect
nents are calculated for the entire Dill catchment as well aof data aggregation. This study indicates that an aggregation
for 3 subcatchments without any recalibration. The studyof input data for the calculation of regional water balances
shows that model performance measures and simulated watesing TOPLATS type models leads to significant errors from
balances almost remain constant for most of the aggregatioa resolution exceeding 500 m. Correlating statistics of input
steps for all investigated catchments. Slight differences in thedata and simulation results indicates that a meaningful aggre-
simulated water balances and statistical quality measures ogation of data should in the first instance aim on preserving
cur for single catchments at the resolution of 50 m to 500 mthe areal fractions of land use classes.

(e.g. 0—-3% for annual stream flow), significant differences at
the resolution of 12000 m and 2000 m (e.g. 2—-12% for annual
stream flow). These differences can be explained by the fac}
that the statistics of certain input data (land use data in partic-

ular as well as soil physical characteristics) changes signifi-Many recent environmental problems such as non-point
cantly at these spatial resolutions. The impact of smoothingsource pollution and habitat degradation are addressed at
the relief by aggregation occurs continuously but is barelyphasin scale (e.g. the “Water Framework Directive” of the Eu-
reflected by the simulation results. To study the effect Ofropean Union, EU-WFD, 2000) and require spatially explicit
aggregation of land use data in detail, in addition to currentanalyses and predictions. Especially future predictions have
land use the effect of aggregation on the water balance calg pe based on model applications to simulate future condi-
culations based on three different land use scenarios is invesigns of ecosystems in catchments and the effects of environ-
tigated. Land use scenarios were available aiming on ecomental change. As the water flow is essential for transport of
nomic optimisation of agricultural and forestry practices at hytrients and pollutants as well as the development of habi-
different field sizes (0.5ha, 1.5ha and 5.0ha). The changeats, distributed modelling of water flows and related state

in water balance terms, induced by aggregation of the landsariables is a pre-requisite to contribute to the solution of
use scenarios, are comparable with respect to catchment Wehese environmental problems.

ter balances compared to the current land use. A correlation gpatially distributed modelling of regional water fluxes

analySiS betWeen StatiStiCS of input da.ta and Simulated anand water ba'ances requires a number Of huge Spatial data
nual water fluxes only in some cases reveals systematicallgets. At least spatial information on topography (digital el-

evation model), soils and vegetation is needed. Thereby the
Correspondence tad. Bormann higher the resolution of these data is the better the landscape
(helge.bormann@uni-oldenburg.de) is represented by the data base (Kuo et al., 1999). Spatial
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166 H. Bormann: Impact of spatial data resolution on model results

patterns can be represented more in detail and small scale0 m strongly diverged in landscape representation. Further-
fluxes can be considered by the models. more these differences in topographic and geomorphologic
But a higher spatial and temporal resolution of data andfeatures could be used to explain differences in the runoff
model application does not always lead to a better represersimulation of single events. The effect on long-term water
tation of the water fluxes for a given catchment. This de-balances was not investigated. Farajalla and Vieux (1995)
pends on the spatiotemporal variability and the spatial disshowed that the aggregation of spatial input data led to a de-
tribution of catchment properties. Varying spatial resolution crease in entropy of soil hydraulic parameters between 200 m
can also have effects on response times of catchments. Anand 600 m grid size and to a significant decrease for grid sizes
spatial discretisation may influence model sensitivity at dif- over 1000 m. To overcome the problem of information loss
ferent scales by varying consideration of climatological vari- with increasing grid size Beven (1995) suggests the consid-
ability. For example Andreassian et al. (2001) found thateration of subgrid variability by spatial distribution functions
imperfect rainfall knowledge can reduce the consistency ofof properties or parameters. This only works if high resolu-
catchment model parameters. tion data sets are available. Model concepts which are based
Despite a better representation of the landscape highly reen Hydrological Response Units (HRUs) instead of grid cells
solved data often contain redundant information and lead tare faced with the same problem. For that reason the ef-
an increase in required storage capacity and computer timéect of a decreasing number of HRUs on the simulation re-
(Omer et al., 2003). And, of course, highly resolved data aresults was investigated by various authors, too (e.g. Chen and
not always available for every catchment of interest. There-Mackay, 2004; Lahmer et al., 2000; Bormann et al., 1999).
fore new initiatives search for new ways to better represenfThey found that a minimum number of HRUs is required to
the catchment water fluxes in poor data situations. One wellepresent the variability in catchment properties while fur-
known example is the PUB initiative (prediction of ungauged ther increasing of computational units does not improve the
basins) of the International Association of Hydrological Sci- simulation results significantly. Boiij (2005) compared three
ences (Sivapalan et al., 2003). spatial resolutions comparing the conceptual HBV-model to
Furthermore the benefit of a detailed data base stronglghe Meuse river (1, 15, and 118 subcatchments). The model
depends on the model type applied and on the target of aesults after individual calibration at all resolutions showed
study. Focusing on annual water balances of large scalé¢hat all models reproduced well the average and the extremes,
catchments, for instance, does not require diurnal input datavhile increasing the resolution slightly improved the model
at micro-scale resolution. And lumped, conceptual modelsresults. Skgien and Béchl (2003) analysed characteristic
do not exploit highly resolved data in the same way as spaspace scales more in general by performing a variogramm
tially distributed and process based models do. Therefore thanalysis on hydrological fluxes (precipitation, runoff) and
decision, which data resolution to be sufficient for a distinct state variables (groundwater tables, soil moisture). They
model application, has to be made again for every case studyound that the variance of stream flow increases faster with
As itis very time-consuming and costly to perform this anal- decreasing catchment size than with the inverse of catchment
ysis, unfortunately it is not made for each study. Based onarea which can be interpreted as an indicator for spatial or-
experience of the user and data availability, the appropriatgjanisation. Information on spatial organisation disappears
data resolution is chosen for a given scale and a given tarwith increased data aggregation. But they also found char-
get. But the impact of spatial resolution on simulation resultsacteristic space scales in the order of 8km to 60 km which
mostly is not investigated. is much larger than the model resolution investigated in this
A few studies have examined the effect of grid size of to- study. So these characteristic space scales should not limit
pographic input data on catchment simulations using TOP+the results obtained in this study.
MODEL (Beven et al., 1995). Quinn et al. (1991), Moore  Although it is well reported in literature that data resolu-
et al. (1993), Zhang and Montgomery (1994), Bruneau ettion can have a significant impact on the simulation results,
al. (1995) and Wolock and Price (1994) looked at how grid model results of different models often are compared and
size affected the computed topographic characteristics, wetevaluated without taking the basic data resolution into ac-
ness index and outflow. In general, they found that highercount. Therefore this study elaborates in detail, which effect
resolved grids gave better results. Kuo et al. (1999) appliedhe chosen data and model resolution can have on model per-
a variable sources area model to grid sizes from 10 to 600 nfiormance and simulated water balances considering all spa-
and revealed an increasing misrepresentation of the curvaial data sets required. Based on a detailed spatial data set
ture of the landscape with increasing grid size while soil (25m resolution) of the meso-scale Dill catchment (693km
properties and land use distribution were not affected. Ef-in central Germany a systematic data aggregation (from 25m
fects themselves depended on the wetness of the time perie 2000 m) and subsequent model application is carried out to
ods considered. Thieken et al. (1999) examined the effecinvestigate the limitations of data aggregation and model ap-
of differently sized elevation data sets on catchment characplicability in case of the TOPLATS model (Famiglietti and
teristics and calculated hydrographs of single events. TheyWood, 1994a). The study aims on the calculation of water
found that these data sets with a resolution between 10 anbalances, therefore effects of aggregation on response times
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H. Bormann: Impact of spatial data resolution on model results 167

Table 1. Main processes and equations of the TOPLATS model.

Model part Process Approach
Local SVATs Interception Storage approach: storage capacity is proportional to leaf area index

Potential evapotranspiration (PET) Penman Monteith equation (plant specific PET) (Monteith, 1965)

Actual evapotranspiration Reduction of PET by actual soil moisture status (alternative: solving
energy balance equation)

Infiltration Infiltration capacity after Milly (1986) (depending on soil properties and
soil water status)

Infiltration excess runoff Difference between rainfall rate and infiltration capacity

Saturation excess runoff Contributing areas derived from TOPMODEL,; approach based on the
soils topographic index

Percolation Gravity driven drainage

Capillary rise Capillary rise from local water table based on Gardner (1958) using
Brooks and Corey parameters

Lower boundary condition Top of capillary fringe (= depth of local water table)

TOPMODEL Spatial distribution of water table depths  Soils-topographic index (Sivapalan et al., 1987)
base flow Exponential decay function; maximum base flow is base flow at basin
saturation

do not play a major role. The potential influence of grid size TOPLATS is a grid based and time continuous model. The
dependent rainfall variability was excluded by using the samevertical water fluxes of the grid cells are calculated by the lo-
weather inputs for the simulations on different grid sizes.cal SVATs (Fig. 1). Catchment scale vertical water fluxes are
The influence of the aggregation of the spatial input data setebtained by aggregation of local water fluxes. There is no
such as land use, topography and soils is additionally investateral interaction between the local SVATs accounted for by
tigated by analysing correlation coefficients between inputthe model. But based on the soils topographic index of the
data and simulation results. To further explore the effect of TOPMODEL approach (Beven et al., 1995), a lateral redistri-
differently structured land cover three land use scenarios aréution of water is realized by adaptation of the local ground-
aggregated and studied supplementary. water levels which are used as lower boundary conditions of

The motivation for this study arose from a model compar- the local SVATs. Finally, based flow is generated from the in-
ison initiative (LUCHEM initiative, “Assessing the impact of tegration of local saturated subsurface fluxes along the chan-
land use change on hydrology by ensemble modelling”, initi- nel network. A routing routine is not integrated in the model.
ated by the working group on “Resources Management of thélhe basic hydrological processes and their representation in
University of Giel3en, Germany”) where different catchmentthe TOPLATS model are summarized in Table 1.

model; were cpmpared despite _differences in process T€PTe | vertical direction the soil is divided in 2 layers (root
sentation, spatial conceptualisation (grid, HRUs) and spana&one and transmission zone). According to Sivapalan et

resolu_tlon ina re.Iat|ver tight rapge_(25 m—2_00 m).. There theaI. (1987) it is assumed that saturated conductivity exponen-
question of the influence of grid size on simulation resultstia"y decreases with depth. The percolation is calculated us-
arose. ing an approximation for gravity driven drainage, and cap-
illary rise is calculated based on the approach of Gardner
(1958), both approaches using the Brooks and Corey pa-
rameterisation of soil retention characteristics (Brooks and
2.1 Toplats model Corey, 1964). Based on soil texture and porosity soil param-
eters are derived using the pedotransfer-function of Rawls
The TOPLATS model (“TOPMODEL based atmosphere and Brakensiek (1985). Plant growth is not directly simu-
transfer scheme”; Famiglietti and Wood, 1994a; Peter-Lidardiated by TOPLATS, but the seasonal development of plant
et al., 1997) is a multi-scale model to simulate local to re- properties is described by monthly updating the plant param-
gional scale catchment water fluxes. It combines a “soil veg-eter sets consisting of e.g. leaf area index, plant height and
etation atmosphere transfer scheme” (SVAT) to represent lostomatal resistance. Plant parameters were taken from the
cal scale vertical water fluxes with the catchment scale TOPPIlaPaDa data base (Breuer et al., 2003). The digital elevation
MODEL approach (Beven et al.,, 1995) to laterally redis- model serves as basic data set for the calculation of the topo-
tribute the water within a catchment. graphic wetness index (Beven et al., 1995), which is used for

2 Material and methods
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168 H. Bormann: Impact of spatial data resolution on model results

Table 2. Scale relevant characteristics of TOPLATS model applications in literature. “Parameter distribution function” refers to the statistical
mode of TOPLATS considering spatial variability of basin properties by a parameter distribution function (Famiglietti and Wood, 1994a).
The statistical mode was not used in this study.

Paper Catchment Grid Simulation
size size period
Famiglietti and Wood (1994b) Site - Days
12 km? 30m Days
225 kn? parameter distribution function 3 weeks
Peters-Lidard et al. (1997) 225 Km parameter distribution function 5 months
Pauwels and Wood (1999b) Site - 1year
Endreny et al. (2000) 532 kin 30m 12 days
60 index values 10 years
Crow and Wood (2002) 575000 Km 1km 4 months
parameter distribution functions for 31439 months
subcatchents
Pauwels et al. (2002) 114Km 30m 4 years
Seuffert et al. (2002) 2000 kin 1km 3years
Bormann and Diekkrger (2003) 3133kkh 100 m 1 year
Giertz (2004) and 30 kn? 20m 1year
Bormann et al. (2005)
Crow et al. (2005) 6378 ki 90m 1 month

calculation of the soils-topographic index (see Table 1) ad-teorological Service) and applied the model to the regional
ditionally accounting for local differences in transmissivity scale Sieg catchment (about 2000%rim Western Germany.
(Sivapalan et al., 1987). For further details about the modePauwels et al. (2002) investigated the possibility to improve
the reader is referred to Famiglietti and Wood (1994a) andTOPLATS based simulation by the use of ERS derived soll
Peters-Lidard et al. (1997). moisture values at the catchment scale. A similar study was
The TOPLATS model has been successfully applied inperformed by Crow and Wood (2002) in the Red Arkansas
several studies at different scales (Table 2) and in differenbasin who explored the benefit of coarse-scale soil mois-
climate regions around the world. Famiglietti and Wood ture images for macro-scale model applications of TOPLATS
(1994b) applied TOPLATS to the tallgrass prairie in the (575000knd). And Crow et al. (2005) also examined the
United States. They applied TOPLATS to single sites andpossibility to upscale field-scale soil moisture measurements
a small catchment (12 kfhand simulated diurnal variations by means of distributed land surface modelling. In the con-
of water fluxes up to a couple of weeks to be able to comparedext of this study they also expanded the soil module within
simulations to evapotranspiration measurements. Pauwel§OPLATS considering vertical soil heterogeneity. Finally
and Wood (1999a, b) extended the TOPLATS model to theBormann and DiekKiger (2003), Giertz (2004) and Bor-
application in high latitudes in Canada. They also focusedmann et al. (2005) applied TOPLATS to the subhumid trop-
on small scale simulations (sites) but simulated water andcs of West Africa to simulate seasonal dynamics stream flow
energy fluxes for whole seasons. and soil moisture. They found that TOPLATS reproduced
Recent TOPLATS related publications more and more fo-spatial patterns of soil moisture and seasonal dynamics in
cus on regional applications and on the integration of re-stream flow on the local scale driven by local mapping cam-
motely sensed data to improve the simulations. Endreny epaigns. Based on poor data neither on local nor on regional
al. (2000) examined the effects of the errors induced by thescale TOPLATS could reproduce the hydrological behaviour
use of digital elevation models derived from SPOT data andof the catchments as physiographic variability was not cov-
compared the simulation results to those based on standarred by the data. Therefore applicability of TOPLATS in the
data sets (USGS 7.5-min data set). Analysing the effectsubhumid tropics seems to be limited by input data availabil-
of the accuracy of the digital elevation model on simulatedity.
water fluxes he implicitly also investigated the aggregation Recapitulating TOPLATS has successfully been applied to
effect. It can be assumed that accuracy of the digital ele-a wide range of temporal and spatial scales in different cli-
vation model decreases with increasing grid size as the sumate regions (Table 2). Analysing the scale relevant char-
face is smoothed. Seuffert et al. (2002) coupled TOPLATS toacteristics of the cited model applications it can be observed
an atmospheric model (“Lokal-Modell” of the German Me- that model applications range from site scale to macroscale,
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capillary stream gauges in the Dill catchment (693%r'rn central Germany.
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1 percolation 1 zone

capillary fringe and basalt which developed during the Devon and Lower
Carbon. During the Pleistocene periglacial processes have
strongly influenced the soil parent material. Therefore
periglacial layers strongly influenced by the underlying geo-
logic substrate are the main soil parent material of the catch-
ment. Due to the heterogeneous nature of these periglacial
layers, the pattern of soil types is complex. Main soil types
and grid sizes range from 20 m to 1 km. On the small catch-2re shallow cambisols, planosols derived from luvisols under
ment scale applications are run with small grid sizes whilehydromorphic conditions, and gleysols in groundwater influ-
for large catchments also larger grid cells are used. This imenced valleys.
plicates constraints in data availability and in computational ~Typical for most of the catchment area is a hard rock
effort and underpins the necessity to investigate the effect opquifer. Pore aquifers only exist in quaternary deposits such
aggregation and increasing grid size on model results. as river terraces or hillslope debris. Based on empirical rela-
tions the portion of baseflow contribution to discharge can be
2.2 Catchment characteristics and available data sets of thestimated to an amount of 9-16%. Most of the discharge of
Dill basin the Dill river is delivered through interflow. The contribution
of surface runoff is estimated to be less than 10%.
The Dill catchment (693 kr) is located in central Germany  Current land cover of the Dill area is dominated by for-
and belongs to the Lahn-Dill low mountainous region. It is est. 29.5% of the catchment is covered by deciduous forest,
the target catchment of the SFB 299 (“Land use options for24.9% by coniferous forest. 20.5% of the catchment area is
peripheral regions”) of the University of Gief3en (Germany). used for grassland and 6.5% agricultural crops. A portion of
Stream gauging stations exist for three sub-catchments (Upabout 9% of the area is fallow land, and another 9% is cov-
per Dill (63kn?), Dietziblze (81kn?) and Aar (134km))  ered by urban area. Obviously the Dill catchment is a periph-
as well as for the entire Dill catchment at Asslar (69Fkm eral region dominated by extensive agriculture and forestry.
Fig. 2). Thanks to the SFB 299 of the University of GieRen a detailed
The typical small scale topography ranges between 155 mgjata base is available for the whole Dill basin at 25 m reso-
and 674 m above sea level. The mean steepness of the slopksion. Spatial data sets and time series (rain gauges, climate
is approximately 14%. Mean annual rainfall ranges betweerstations and stream gauges, for location of the stations see
700mm to 1100 mm depending on the location within the Fig. 2) used in this study are summarised in Table 3.
catchment and the corresponding elevation. Low precipita-
tion areas show summer-dominated precipitation and higle.3 Data aggregation
precipitation areas winter-dominated precipitation regimes.
Average annual mean temperature is abG@@.8 As the impact of increasing information loss on the calcu-
Soil parent material of the Lahn-Dill mountains is mainly lation of regional scale water fluxes was to be investigated
argillaceous schist, greywacke, diabase, sandstone, quartzitey this study, the available data set of 25 m resolution was

S=

<«—|ateral subsurface flow

Fig. 1. Hydrological processes of the local SVATs represented by
the TOPLATS model (modified after Famiglietti and Wood, 1994a).

www.hydrol-earth-syst-sci.net/10/165/2006/ Hydrol. Earth Syst. Sci., 10,11&52006



170 H. Bormann: Impact of spatial data resolution on model results

aimed at the annual water balance of the whole Dill catch-
ment to close the water balance of the model, and secondly
the model efficiency according to Nash and Suttcliffe (1970)
1]z 1]z was optimised for daily resolution to reproduce the temporal
1 3 4 5 variability of stream flow focusing on seasonal dynamics and
short time variability. Applying these two quality measures,
3 |3 | 4 |5 both long-term water balances and seasonal dynamics were
covered well. Model calibration for the Dill catchment was
l carried out on the 50 m grid due to a limitation in the number
of computational units within TOPLATS.
2.25 2 1 Figure 4 shows the simulation results for the entire Dill
catchment (693 kf) compared to the observed values of the
stream gauges. Calibration period is from 1983-1989, val-
a) Simple average  b) Unambiguous ¢) Majority including idation period from 1990-1999. The accuracy of the sim-
majority surrounding pixels . . . .
ulation is satisfactory (quality measures see Table 4) con-
Fig. 3. Algorithms for systematic aggregation of spatial data sets:sidering that TOPLATS was calibrated only with respect to
simple averagéa) for DEM aggregation, majorityb) for aggrega-  stomatal resistance and the baseflow recession curve. Qual-
tion of land use and soils, consideration of the surrounding pixels ifity measures for the validation period are only slightly worse
there is no unambiguous majority). than for the calibration period. While for daily discharges
the model efficiency (Nash and Suttliffe, 1970) is of mod-
i i _ erate quality (0.65 for calibration, 0.61 for validation), the
aggregated stepwise to create grid based data sets of increggyy, e efficiencies and coefficients of determination increase
ing grid size: 50m, 75m, 100m, 150m, 200m, 300m, for longer time intervals (longer than one week) to values

500m, 1km, and 2km. Therefore the spatial data S_et%reater than 0.8. The mean bias in discharge between obser-
(soil map, DEM, land use classification, land use scenarios),,iions and simulations is about 5% for calibration and 12%

were systematically aggregated applying standard aggreday, validation period

tlo_rllhmethods p:gwdeﬂft:y ggmard GIS ;o:‘jtwa;et; lculat For the simulation of the three subcatchments a recalibra-
. tﬁ aggtrﬁgagpn otthe ¢ mas (?arr||et og y caicu ? ;jtion was not carried out except the maximum baseflow pa-
Ing the anthmetic averages of the pIXels 1o be aggregated, , ,qaier (baseflow at basin saturation). The simulation results

Concerning soils and land use the data sets were aggregate the Dietztilze (81 kn?) and the upper Dill (63 ki are
with respect to the majority of the pixels to be aggregated.

uite good while the results for the Aar catchment (134xm
The most frequent value was allocated to the aggregateg

. . . ) re of a moderate quality. Model efficiencies for daily dis-
pixel. If there was no unambiguous majority the surroundmgCharges range between 0.59 and 0.73 (calibration period)
pixels were included into the allocation (Fig. 3). Applying

th lqorith the DEM i thened b ' (imd between 0.52 and 0.69 (validation period). They in-
ese algorithms, the IS Smoothened by averaging, and o 56 with increasing time interval to values of 0.76 to 0.85
the total area of small homogenous areas of classified dat

. . 6Neeks) and 0.82 to 0.90 (months). The values of the coef-
EﬁglIeS;(gzggeuzl?l)a?gegrﬁc?;?g:r?osurgileaar:as often disappeargiionis of determination t=squared Pearson correlation co-

efficient) are slightly higher than the model efficiencies but
show the same systematics. Quality measures and water bal-

3 Model application to the Dill catchment ances for the Dill basin as well as for the three subcatchments
are shown in detail in Table 4.
3.1 Calibration and validation Based on these simulations results it can be stated that

TOPLATS can be applied to successfully simulate water bal-
In order to reduce the calibration of the TOPLATS model for ances at regional scale in the low mountain range in temper-
application to the Dill basin to a minimum, parameterisation ate climates considering the minimum calibration strategy.
of the TOPLATS model was carried out by deriving or using Single peak flow events cannot be simulated with a high pre-
directly as many parameters as possible from standard datgsion, but long-term water balances can be simulated just as
bases. Those parameters have not been touched during thgell as seasonal variations of the water fluxes, and dry and
calibration procedure. Thus transferability of the model andwet periods within a season can be covered as well.
the obtained results to other catchments is improved. Cali-
bration could be reduced to an adjustment of plant specific3.2 Model results based on increasing grid sizes
stomatal resistances by a constant factor to meet the long-
term water balance and to the calibration of the parameters ofor all different grid sizes derived from the original data
the base flow recession curve. During the calibration processsets (25m, 50m, 75m, 100m, 150m, 200m, 300m,
two performance measures were applied. At first, calibration500 m, 1km, 2km) continuous water balance simulations
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H. Bormann: Impact of spatial data resolution on model results 171

Table 3. Spatial data sets and time series available for the Dill catchment; the three land use scenarios only consist of 6 land use classes
instead of 7 for current land use as the Proland model (Fohrer et al., 2002) does not differentiate between deciduous and coniferous forest.

Domain Data source/gauge stations Resolution/classification Origin of data set
Space Digital soil map 25 m resolution, 149 classes (soil types) Digital soil map 1:50 000 HLUG (1998)
Land use classification 25 m resolution, 7 classes (deciduous forest, cobirived from multi-temporal Landsat im-

erous forest, grassland, agricultural crops, fallomges (from 1994 and 1995)
land, open water bodies and urban areas)
Digital elevation model 25 m resolution HLBG (2000)
3 land use scenarios 25m resolution; 6 classes (mixed forest, grasslaadd use distribution derived from Proland
agricultural crops, fallow land, open water bodiesnodel (Fohrer et al., 2002)
and urban areas)

Time 2 weather stations Daily resolution; 1980-1999; temperature, air liierman Meteorological Service (DWD)
midity, wind speed, solar radiation
15 rain gauges Daily resolution; 1980-1999 German Meteorological Service (DWD)
4 stream gauges Daily resolution; 1980-1999 HLUG (2005)

Table 4. Quality measures for the calibration (cal.) and validation periods (val.) of the four stream gauges within the Dill basin.

Quality measure Cal./Val. Time interval Dill Upper Dill  Dietilze Aar
Mean deviation in annual Cal. Annual 4.7% 8.9% 6.6% 11.4%
stream flow Val. Annual 12.0% 17.8% 7.2% 17.6%
Model efficiency Cal. Daily 0.65 0.73 0.69 0.59
(Nash and Suttcliffe, 1970) Weekly 0.81 0.85 0.82 0.76
Monthly 0.84 0.90 0.87 0.82
Annual 0.90 0.80 0.86 0.78
Val. Daily 0.61 0.69 0.69 0.52
Weekly 0.79 0.84 0.83 0.77
Monthly 0.82 0.88 0.87 0.82
Annual 0.80 0.64 0.92 0.63
R2 (= Coefficient Cal. Daily 0.71 0.74 0.74 0.63
of determination) Weekly 0.81 0.85 0.83 0.77
Monthly 0.86 0.90 0.88 0.83
Annual 0.91 0.89 0.87 0.94
Val. Daily 0.68 0.74 0.73 0.62
Weekly 0.81 0.86 0.83 0.78
Monthly 0.85 0.91 0.88 0.83
Annual 0.78 0.78 0.91 0.66

of 20 years were performed without a recalibration of the calibration accommodates these assumptions as vertical wa-
TOPLATS model. Model resolution was for every simula- ter fluxes such as actual evapotranspiration and percolation
tion adapted to the input data resolution. TOPLATS was notare hardly influenced by grid size of the local SVAT. If the
recalibrated as the model as introduced by Famiglietti andnodel results significantly get worse with increasing grid
Wood (1994a) assumes that at the SVAT scale vertical fluxesize, then the reason is that input data and TOPMODEL con-
are dominant. They propose to transfer the model to regionatept do not match anymore. A threshold of reasonable data
scale by aggregation of simulated fluxes and by taking intoaggregation is reached. If the model is recalibrated for each
account lateral processes using the TOPMODEL conceptaggregation step, then the result may be that the model also
Aggregating input data and applying the model without re-works at larger grid cells, but then the model probably works
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Fig. 4. Hydrographs of the Dill catchment: comparison of observed vs. simulated stream flow if@ailyeekly (b), monthly(c) and
annual(d) resolution.

well for the wrong reason. Although the grid cells are that (sub-)catchments within the Dill region. Therefore no fur-
big that lateral flow processes are relevant, the model calther separate analysis for calibration and validation periods
culates good results ignoring the lateral processes. Based required.
on this analysis the model specific minimum data resolu- This statement concerning grid size dependent simulated
tion and therefore the minimum simulation effort required water balances is also valid for the model efficiencies calcu-
for good simulation quality aiming on water balance investi- lated from observations and model simulations. The model
gations can be determined. efficiencies — as expected from the simulated water bal-
The computations reveal almost constant simulated annuadnces — remain constant up to a threshold value of 300 m
water balances (Fig. 5) and model efficiencies (Fig. 6) forto 500 m grid size. Model efficiencies for the 1000 m and
most of the grid sizes. Up to a grid size of 300 m the sim-the 2000 m grids are significantly lower. At this scale a sig-
ulated water fluxes remain almost constant except slight difnificant and systematic decrease of this quality measure is
ferences at individual grid sizes (e.g. at 100 m, which canobserved (Fig. 6). In addition to the results of the Dill catch-
be explained by differences in land use composition at thement (Figs. 5, 6), Tables 5 and 6 summarise the scale de-
100 m aggregation level) for individual water flows (e.g. for pendent model efficiencies and biases in stream flow for the
actual evapotranspiration). At a grid size of 500 m the differ- calibration (1983-1989) and validation period (1990-1999)
ences slightly increase, and from 1000 m grid size onwardsalculated for all subcatchments within the Dill basin.
the simulation results get significantly worse. Differences To investigate the influence of different land use distri-
to simulations based on small grid sizes increase. Therebyputions on the diverging behaviour of simulated water bal-
the results of the calibration period and the validation pe-ances for increasing grid sizes above a threshold of between
riod again show the same regularity: if the simulation results300 m and 500 m, three land use scenarios were used for fur-
are good for the calibration period, then also for the vali- ther simulations. For this study not the effect of the scenar-
dation period good results are obtained. The same observaes compared to the current state is of interest but again the
tion was made for bad agreement between the model and theffect of increasing grid size on the simulated scenario wa-
measurements. This observation is valid for all investigateder balances. The scenarios were calculated by the “Proland
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Fig. 5. Grid size dependence of simulated annual water fluxes: actual evapotranspiration(#\BEBse flon(b) and surface runoffc) of

the Dill basin and its three subcatchments (Up. Dill = Upper Dill, Diet. = Diélz#). Calibration periods and validation periods (cal., val.)
are analysed separately.

Table 5. Grid size dependent model efficiencies (me) for the four (sub-)catchments of the Dill basin (cal.=calibration period, val.=validation
period).

Grid size Dill Upper Dill Dietzldlze Aar
me (cal) me(val) me(cal) me(val) me(cal) me(val) me(cal) me (val)

25m - - 0.73 0.69 0.70 0.70 0.58 0.46
50m 0.65 0.61 0.73 0.69 0.70 0.70 0.58 0.46
75m 0.66 0.61 0.73 0.69 0.70 0.70 0.58 0.46
100m 0.65 0.61 0.72 0.68 0.69 0.69 0.57 0.46
150m 0.66 0.61 0.73 0.68 0.70 0.70 0.58 0.46
200m 0.66 0.61 0.73 0.68 0.70 0.70 0.57 0.46
300m 0.65 0.61 0.73 0.69 0.69 0.69 0.57 0.46
500m 0.65 0.61 0.72 0.68 0.70 0.70 0.56 0.45
1000 m 0.64 0.63 0.68 0.64 0.67 0.68 0.50 0.40

2000 m 0.64 0.61 0.67 0.55 0.58 0.62 0.51 0.42

model” (Fohrer et al., 2002) optimising the financial profit regularity of the results with respect to increase in grid size is
of the catchment area based on different minimum field sizeshe same for all scenarios and the baseline, then the land use
(0.5, 1.5 and 5.0 ha). Land use fractions are summarized imlistribution does not have a major influence on the structure
Table 7. So the spatial structures as well as land use conmef the simulation results, and results on data aggregation are
position of the different land use scenarios differ a lot. If the transferable to other basins.
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Table 6. Grid size dependent bias of total stream flow (Qt) for the entire simulation period (=bias(Qt), [%]) for the four (sub-)catchments of
the Dill basin.

Grid size  Dill Bias (Qt), [%] Upper Dill Bias (Qt), [%] Dietzbize Bias (Qt), [%] Aar Bias (Qt), [%]
Cal. Val. Cal. Val. Cal. Val. Cal. Val.
25m - - 2.7 15.2 0.6 2.7 2.0 0.3
50m 0.6 -04 1.8 14.4 -0.2 1.7 1.5 -0.3
75m 1.0 -0.1 2.3 15.0 0.7 2.6 1.7 -0.5
100m 0.6 -1.8 -0.1 12.1 -2.6 -1.2 0.0 -2.1
150m 0.8 -0.3 1.9 14.4 1.2 3.3 2.0 -0.1
200m 0.6 -0.6 21 145 0.1 21 1.8 -0.1
300m 1.0 0.2 33 15.4 0.5 2.7 04 -20
500m 0.2 -0.5 24 41.3 -1.3 0.7 2.8 2.8
1000m -2.0 -2.0 -3.4 7.3 -3.4 3.0 2.6 2.6
2000 m 3.3 3.8 —4.5 9.1 11.7 13.0 -1.8 -1.6

Table 7. Land use composition of the three scenarios based on different field sizes compared to the current land use composition.

Land use dataset Forest Pasture Crops Fallow Water Urban
currentlanduse 54.4% 20.5% 6.5% 9.1% 0.3% 9.2%
scenario 0.5 ha 56.0% 31.8% 2.7% - 0.3% 9.2%
scenario 1.5ha 459% 17.5% 27.1% - 0.3% 9.2%
scenario 5.0 ha 34.0% 20.6% 35.9% - 0.3% 9.2%

catchments. The land use scenarios therefore show the same
systematic reaction on data aggregation as the current land
use does. Thus it can be concluded that there is no significant
impact of the spatial structure of land use on the regularity of
the simulation results based on grid size aggregation.
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0.4 ; L

o o In order to analyse the influences of the different aggre-

gated data sets on the grid size dependent simulation results
] S o a correlation analysis was carried out based on the statis-
Fig. 6. Dependence of model efficiencies (based on daily simula-i;- ot catchment properties and annual water balance terms.
tions) on grid sizes for the Dill basin and its three subcatchments . - . .
o T I X An analysis of univariate correlations assumes linear corre-
(Up. Dill = Upper Dill, Diet. = Dietzfblze). Callbration periods and lations between catchment characteristics and water flows
validation periods (cal., val.) are analysed separately. . . . L o
This assumption normally is not justified at local scale as it is
clear that interrelations between hydrological processes and
basin properties are highly nonlinear. That is one of the main
Figure 7 shows as an example the simulation results of theeasons why complex hydrological models are needed to pre-
three different, field size dependent scenarios for the uppedict water fluxes of catchments with complex structure. Nev-
Dill basin. It is obvious that simulated mean annual waterertheless local scale non-linear systems often show approxi-
flows show almost no differences up to a grid size of 200 m,mately linear reactions at regional scale (e.g. for actual evap-
show only minor differences up to a grid size of 500 m and otranspiration and groundwater flow), and changes in catch-
big differences for large grid sizes (1 km, 2 km). These exem-ment wide fluxes often can be simply derived by analysing
plary results on different land use data sets for the upper Dilichanges in catchment properties (e.g. evapotranspiration by
catchment are very similar to the results of the other threeusing plant properties). So the idea in this part of the paper

10000
grid size [m]
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Fig. 7. Grid size dependent simulation results of the three different land use scenarios (0.5 ha=a), 1.5 ha=b), 5 ha=c)) for the upper Dill basin;
AET=actual evapotranspiration.

Table 8. Correlation coefficients (Pearson) between input data (transmissivity, topographic index, land use) and model results (water bal-
ances, biases) for the entire Dill catchment; forest = deciduous + coniferous forest; agriculture = crops + pasture.

Catchment property Bias in Stream flow  Stream flow  Surface runoff Base flow Actual ET
Crops 0.18 0.25 —0.54 0.53 —0.19
Pasture —0.57 —0.63 0.39 —0.60 0.62
Fallow 0.80 0.85 0.05 0.37 —-0.92
Deciduous forest 0.47 0.42 0.43 -0.12 —-0.51
Coniferous forest —0.81 —0.78 —0.17 -0.25 0.79
Urban —0.46 —0.51 —0.63 0.24 0.74
Open water 0.92 0.89 -0.31 0.66 —0.76
Forest —0.78 —-0.81 0.34 —0.64 0.70
Agriculture -0.73 —-0.78 0.21 —0.53 0.79
Mean topographic index -0.14 -0.12 0.98 —0.80 -0.15
Standard deviation of topographic index —0.79 -0.75 0.40 -0.67 0.56
Mean transmissivity 0.95 0.92 —0.46 0.79 -0.77
Standard deviation of transmissivity 0.92 0.89 —0.56 0.85 -0.71

is — as nonlinear and multivariate relationships hardly can benformation later can be used for an analysis of model sensi-
analysed for the huge number of computational units — sim-ivity with respect to data aggregation effects.

ply trying to quantify “linear” contributions of changes in
input data sets to the sensitivity of the whole system. This,
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smoothed surface of elevation and therefore to an increasechanges in land use fractions can be observed for almost all
mean topographic index (as cell size increases and slope iland use classes. This is due to the fact that large areas grow
average decreases) and a decreasing standard deviation atfthe expense of small areas, and grid sizes become larger
the topographic index (Fig. 8). For single aggregation levelsthan the average size of a homogenous area is. The effect
extreme values occur (e.g. 1000 m level for topographic in-of aggregation on land use fractions in the Dill catchment
dex) while the tendency is the same for all investigated catchis comparable to the effects in the subcatchments which are
ments. summarised in Fig. 11.

The transr_nlss_lwty of the SO'.IS N gener alis barely affected To examine the contribution of the different data sources
by aggregation in a systematic way. Single extreme value? S : )
. . o the grid size dependent effects, a correlation analysis be-
occurring (Fig. 9) do not show a homogenous tendency for, :

. . tween water balance components and catchment properties
the different catchments. The behaviour strongly depends on ied h lati fici for th
local soil hydraulic conditions and soil depths was carriec out. - The corre at_|on coefficients for the en-

' tire Dill basin are summarised in Table 8. From the struc-

The effect of aggregation on the land use fractions is exemture of the simulation results it would first have been ex-
plarily shown for the entire Dill basin by Fig. 10. It becomes pected that land use has a major influence on the simula-
clear that the aggregation has no major effect up to a cell sizéions. This can be approved by the data. Forest areas are

of 500 m. Only at the 100 m level significant deviations for positively correlated to evapotranspiration and negative to

pasture and fallow land occur which was found to have anstream flow production, while fallow areas and agricultural
influence on the simulated water flows and model efficien-crops are correlated vice versa. Nevertheless one has to be

cies (Figs. 5, 6). For grid sizes lager than 500 m significantcareful because also spurious correlations appear in the data
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(e.g. contrary correlation coefficients of coniferous and de- 35

ciduous forest), and coherences between data and simulation _ | — .

results of course cannot be explained by linear correlations

only. Nevertheless, water balance terms also show a cIeag\; % e e " [ agicure
dependence on soil and topographic characteristics. Surfacg » i pasture
runoff and base flow are highly correlated to the topographic g —=—dec. forest
index (surface runoff in a positive, base flow in a negative g 15 '_:'_ﬁ‘r’gé;‘"es"
way), and transmissivity is correlated with base flow (pos- ~ 10 S e I e T S U
itively) and evapotranspiration (negatively) as well as sur- | e,

face runoff (negatively). To reduce spurious correlations the
land use classes “forest” and “agriculture” were built from 01’077**160**** o0 o0t
deciduous and coniferous forest as well as from crops and grid size [m]

pasture. Analysing the correlation coefficients of these two

merged land use classes several times the correlation coeffizig. 10. Grid size dependent fractions of land use classes of the Dill
cient increases for the merged land use class which can bgAtchment.

interpreted as increased significance of correlation and elim-

ination of spurious correlation.

Simulation results are related to all spatial data sets, ananr(])_sthlmporéant.mfordm%non fqr tT'S Kind of SVAThschemes
evaluation of the effect of data aggregation therefore has tgvhich are ominated by vertica Processes such as evapo-
consider all data sources. Nevertheless it is worth to mentiofi@nspiration. Nevertheless also the statistics of soil physical

that predominantly the correlation between catchment propProPerties and topography should not be neglected. Aiming

erties (e.g. topographic index, transmissivity, land use) and" total stream flow often masks effects of changes in fast

simulated water flows varies from catchment to catchment, ir2nd Slow runoff components which may counterbalance their

particular at the small scale. Partly this could be expected duée'at've effects as shown above. Similarly, both the aggrega-

to different physiographic characteristics of the subbasind'o" procec!ure of mput data IFseIf qnd the rnodell appllcatlon
(varying forest cover in the subbasins, different soil prop- 2t decreasing spatial resolution (=increasing grid size) may
erties), but partly the differences cannot be explained by the#@US€ changes in the simulation results, while in total both
input data only and result from spurious correlations. Oneeffects counterbalance to constant simulation results.
example for spurious correlations is the following: different ~As the dependency of simulated water fluxes on grid size
signs were identified for the correlation between stream flonshows the same systematics for all investigated different sub-
and deciduous forest (0.42) and coniferous fored.78),  catchments and land use scenarios, the findings are transfer-
respectively, while both classes together show a correlatiorble to other mesoscale catchments in humid and temper-
coefficient of—0.81 which is below the value for coniferous ate environments. Within the investigated range of phys-
forest. Additionally a correlation analysis between catch-iographic characteristics (e.g. 60-700%wwatchment size,
ment average model parameters (e.g. plant parameters su@®0-1100mm annual rainfall, 150-700m elevation above
as leaf area index, stomatal resistance) was performed. Biftea level, 35-55% forest, 25-55% agriculture) the results are
also for catchment average model parameters the subcatcHansferable to other catchments. The transferability to other

ments showed different correlation, and the analysis couldnodel types is limited in so far, as TOPLATS focuses on ver-
not reveal all reasons. tical processes, and land use information is much more dom-

inant than the influence of neighbouring grid cells. Other

models are expected to show different sensitivities to aggre-
5 Conclusion: Limitations of model application gating input data, if neighbourhood relations and therefore

lateral fluxes are considered in an explicit way. Therefore,
This study indicates that an aggregation of input data for thethe results need to be verified for models rather focusing on
calculation of regional water balances using TOPLATS typelateral processes which should be more sensitive to a smooth-
models does not lead to significant errors up to a grid sizeng of the topography.
of 300 m. Between a grid size of 300 and 500 m a slightly ~Concluding, this investigation shows that high quality sim-
to partly significant information loss leads to affected simu- ulation results require high quality input data but not always
lation results, while applying a grid size of 1 km and more highly resolved data. The calculated water balances and sta-
causes significant errors in the computed water balance. Ifistical quality measures do not get significantly worse up to
algorithms are integrated in a model taking into account sub-spatial data resolutions which should be available in almost
grid variability further investigations are required. all developed and also in many developing countries. There-

The results of this study indicate that a meaningful aggre-fore the focus while setting up data bases should be set to

gation of data should in the first instance aim on preservingmprove data quality first and then to optimise data resolu-
the areal fractions of land use classes, because land use is thien secondly.
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