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• The study of human impacts on the hydrological
cycle plays a growing role in today’s hydrological re-
search.

• In order to forecast the effects of climate and/or lan-
duse changes, appropriate models and high resolu-
tion data at various spatial and temporal scales are
necessary.

• The availability of high resolution hydrometeoro-
logical data is especially important, since only then
the driving forces of hydrological processes can be
appropriately taken into account in simulation calcula-
tions at the meso- and macro-scale.

• Studies performed in the Elbe basin and some of its
sub-basins demonstrate that the spatial interpola-
tion of climatic input variables plays a key role in large
scale hydrological modelling (i.e. for the calculation of
various water balance components).

• The present study

Ø illustrates problems resulting from the avail-
ability and accuracy of temporal data and their
spatial interpolation on various scales, which is
important in the modelling of large scale river ba-
sins

Ø quantifies some uncertainties in the results of
model applications.

INTRODUCTION
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• The large scale application of fully distributed physically
based hydrological models is constrained by the availability
of required input data. In addition, their use at the regional
level is often of limited value.

• Therefore, simplified (conceptional) models with physically
meaningful parameters are needed which can be applied at
different scales.

• Such models must be able to use directly the information
provided by digital maps (GIS coupling) and to handle dif-
ferent temporal and spatial discretization levels.

• The modelling approach used in the present study is based
on variable spatial disaggregation and aggregation tech-
niques and consequently uses the GIS-based derivation of
model parameters from generally available spatial data.

• A key element of the approach is the modelling system
ARC/EGMO. Basic characteristics are the

v distinction of two domains of hydrological processes
(vertical and lateral fluxes), where different disaggrega-
tion, aggregation, and scaling techniques can be applied

v spatial disaggregation of the study region in homoge-
neous sub-areas (‘Elementary Units’, Hydrological Re-
sponse Units-HRUs)

v spatial aggregation of these sub-areas to larger spatial
units (hydrotopes, hydrotope classes) to simplify large
scale modelling and to reduce computing time (‘fractional
area concept’, important regionalization method)

v representation of the ‘intra patch’ areal parameter vari-
ability of aggreated spatial units by areal distribution
functions.

THE MODELLING APPROACH
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Map of 64.550 elementary units deduced
for the Elbe river basin by a Geographic In-
formation System (GIS) from the available
digital maps (land use, vegetation cover, soil
characteristics, topography, ground water
level, river net, sub-basins etc.) in the pre-
processing stage

Polygons are best suited to
represent the mosaic struc-
ture of real landscapes.

The zoomed sub-area dem-
onstrates the various size
and shape of these model-
ling units, which is especially
important in simulating land-
use changes, as such
changes may be restricted
to rather small and widely
distributed parts of the study
region.

Map of elementary units for the Elbe river basin

85 x 70 km
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• The development of spatially distributed, large-scale
hydrological models has enlarged their data needs.

• Shortcomings are still obvious both

v for spatial data (which often provide an insufficient
resolution) and

v for time series data needed to provide the neces-
sary meteorological input and to validate the model
results.

• The spatial distribution of meteorological input vari-
ables has an important influence on the calculated wa-
ter balance components.

• In order to include realistic distributions of these vari-
ables in the simulation calculations, an appropriate
interpolation method must be used.

• Since the interpolation is performed for every time
step of the simulation period, the method must be
fast.

The analyses presented here, in general include infor-
mation from all meteorological stations available in the
study region.

• However, due to missing values or too short obser-
vation periods, many stations had to be excluded
from the simulation calculations.

• In addition, the calculation of potential evaporation
according to more sophisticated approaches is not
possible, since there is only a small number of climate
stations providing all specific parameters for longer
time periods.

SPATIAL INTERPOLATION OF
METEOROLOGICAL INPUT VARIABLES
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• The standard interpolation method used in the present
study (‘extended quadrant method’) has turned out
to be the most effective approach in interpolating me-
teorological point data for every time step (one day) of
the simulation period.

• It is characterized by
- the selection of relevant stations

by the quadrant method
- an inverse distance interpolation

of the respective variables
- the inclusion of other dependen-

cies (elevation, exposition or
slope) based on mean annual
values.

• The interpolation can be per-
formed on the basis of ele-
mentary units, hydrotopes,
sub-basins or the whole basin.

• For the water balance calculations

Ø 33 climate and 107 precipitation stations (Elbe basin)
Ø 9 climate and 24 precipitation stations (Stepenitz)
were used for the spatial interpolation of

precipitation
mean temperature
relative humidity
sunshine duration

The interpolation method

Schematic representation of the
interpolation method used in the

simulation calculations

for the calculation of potential evapo-
ration according Turc/Ivanov
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Spatial distribution of precipitation

Mean annual precipitation [mm] in the Elbe river basin
(~96.500 km²)  for the period 1983-1987, calculated from 33
climate and 107 precipitation stations on the basis of 64.550
elementary units.

Mountaineous
regions in the
southern and
western parts
of the basin
show high pre-
cipitation rates
of up to 900
mm or more.
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Spatial distribution of the climatic water balance

Mean annual climatic water balance [mm] in the Elbe river basin
(~96.500 km²)  for the period 1983-1987, calculated from 33 climate and
107 precipitation stations on the basis of 64.550 elementary units.

The spatially distributed maps of meteorological input variables emphasize the impor-
tance of a high density meteorological network in case of large heterogeneities of
these variables, in order to calculate realistic distributions of water balance terms.

Water deficit
in the central
part of the
basin
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Spatial distribution of evapotranspiration

Mean annual evapotranspiration [mm] in the Elbe river basin for the
period 1983-1987, calculated on the basis of 64.550 elementary units.

Open water bodies show
the highest evaporation
values (up to 700 mm/y),
followed by riparian and

The gross struc-
ture is dominated
by the strongly
heterogeneous
meteorological
input.

The fine structure
correlates well with
the soil and land
use map, giving
low values for agri-
cultural areas and
higher values for
forested areas and
especially wet-

Due to their higher
direct runoff formation,
settlements are char-
acterized by relatively
low evaporation val-
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• The quality of calculated water balance terms
(evaporation, percolation, surface runoff formation)
and the simulated basin discharge depends both

- on the basic spatial maps and
- on the meteorological input.

• Quality losses of the meteorological input influencing
the model results may be (among others) due to

(1) gaps in the time series for various input pa-
rameters,

(2) the used interpolation method,
(3) uncertainties of measured parameters, and
(4) a too low station density.

• In general, for hydrological calculations the hydrome-
teorological time series data should be available for a
period of at least some years.

• This is especially true for climate or land use change
impact studies where time periods of 50 to 100 years
are studied and the conditions of the present state
must be simulated as reliably as possible in order to
forcast the hydrological effects of human influences.

RELIABILITY OF SIMULATION RESULTS AS
FUNCTION OF THE METEOROLOGICAL INPUT
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interpolated precipitation
measured precipitation

interpolation periode 01.03. - 30.04.1985

• In order to include as much
information as possible in
the simulation calculations,
also time series were used
which do not provide the
necessary parameters for
the whole simulation period.

• For one of the 24 precipitati-
on stations (Putlitz) used in
the simulation runs data for
two months (March/April
1985) are replaced by ‚mis-
sing data‘.

• These data are interpolated
from those of the neighbou-
ring stations by the ‚quad-
rant interpolation method‘.

Though the method
turns out to work

rather well, of course
local (convective)

precipitation events
cannot be recon-

structed.

Completion of time series
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Comparison of interpolated
precipitation for 2 sub-basins in
the Stepenitz river basin
(a) for the total simulation

period 1981 - 1994
(b) for an extreme precipitation

event on 12.06.1993

APPLIED METHODS

• quadrant method
• N=x: nearest neigbours, x =

1...6 (N=1 corresponds to the
Thiessen method)

• 2 variations of Ordinary
Kriging

Ordinary Kriging

• Daily off-line interpolation for the whole German part of the Elbe basin
based on ~1500 precipitation stations and a 1 x 1 km grid basis.

• For every grid the next 24 neighbouring stations were used for inter-
polation.

(1) without station specific correction (‚uncorrected Kriging‘)
Ø values were used in the simulation runs by applying a constant

correction factor of 1.15 (rain) and 1.30 (snow)

(2) with station specific correction (‚corrected Kriging‘)
- the interpolation uses correction factors given by Richter for 4

precipitation types: rain in summer/winter, mixed, snow
- the exposition of all stations was taken as ‘medium’

Ø values were directly used in the simulation runs (without any
further correction).

Possible improvements for the Kriging method:
(1) Instead of generating the variogramm for the whole Elbe, the interpolation could be re-

stricted to the region of interest.
(2) Instead of using a time-constant variogramm, it could be calculated for smaller time peri-

ods or even on a daily basis (time consuming!)

Comparison of different interpolation methods
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• For long time pe-
riods the differ-
ences between
the interpolation
methods are
comparatively
small.

• The differences
are more pro-
nounced for sub-
basin 9, because

- it is considerably
larger than sub-
basin 46

- the station density
is lower in the
northern part of
the basin.

9

46

Mean annual sums (period 1981-1994) of interpolated precipita-
tion for sub-basins 9 and 46 of the Stepenitz river basin
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Spatial distribution of precipitation in the
Stepenitz river basin

Spatial distribution of pre-
cipitation [mm] in the Ste-
penitz river basin for an
extreme precipitation
event on 12th June 1993
(calculated from 9 climate
and 24 precipitation sta-
tions on the basis of 557
hydrotopes in 64 sub-
basins).

11.06.1993

12.06.1993

Strongly localized
event of up to 255
mm/day
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For short time periods the
differences between the
interpolation methods can
be rather pronounced.

• They are especially high
for sub-basin 9, be-
cause due to the low
station density more and
more stations in the
south (where the event
is concentrated) are in-
cluded for the N=x inter-
polation.

• In case of sub-basin 46,
the differences are
smaller.

• The interpolated values
decrease with increasing
number of stations, due
to the inclusion of sta-
tions in the north.

• Conclusion: In order to
model such convective
events, a higher station
density and data of
higher temporal resolu-
tion are needed.

9

46

Interpolated precipitation for the extreme event on 12.06.1993 for
the sub-basins 9 and 46 of the Stepenitz river basin
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Influence of the interpolation method
on the basin discharge

quality/efficiency How does the interpolation
method influence the
simulated basin dis-
charge?

Annual values of two effi-
ciency criteria for the
simulation period 1981-
1994

In both cases

• corrected Kriging gives
the best approach to
measured discharge

• uncorrected Kriging is
considerably worse

• the default interpolation
method (QUADRA) gives
reasonable quality simu-
lations.

Conclusions

Ordinary Kriging (with sta-
tion specific correction)
improves the simulated
discharge time series, but
in general does not justify
the additional effort as
compared to the on-line
interpolation with the
quadrant method.

The results strongly de-
pend on the study region,
due to the transformation
of the meteorological input
by various processes
(non-linear).
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Simulated basin discharge
for the extreme June 1993 event

Ø Ordinary Kriging gives considerably better results for the extreme
precipitation event on 12.06.1993 than all other interpolation methods,
which overestimate the discharge at the basin outlet (gauge Wolfs-
hagen).
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• Meso- and macroscale hydrological modelling can provide reliable re-
sults only if the spatial and temporal resolution of meteorological
information is high enough to represent the meteorological hetero-
geneities of the basin.

• The reliability of calculated water balance terms depends strongly on
the station density.

• Especially the number of precipitation stations should be rather high
to generate realistic interpolation patterns.

• In general, the number of meteorological stations to be included in the
simulation runs depends on

1. the size of the basin,
2. the basin characteristics (topography, meteorological heterogene-

ity), and
3. the specific needs of the used interpolation method.

• For flatland regions a rather small number of stations is sufficient to
achieve reliable results.

• A higher station density is necessary in mountainous regions, where
the meteorological heterogeneity is much larger.

• Since the number of climate stations is generally much lower, addi-
tional information like the station height should be included to derive
realistic spatial distributions for mean temperature etc. (especially in
basins with pronounced topography).

3 station density scenarios
All of them include 9 selected climate stations which provide all neces-
sary parameters (precipitation, mean air temperature, relative humidity,
sunshine duration) for the period 1981-1994.

1. Precipitation measured only at these 9 climate stations
2. In addition, precipitation measured at 6 precipitation stations in the

basin
3. Precipitation measured at all 24 precipitation stations in and around

the basin (default)

Influence of station density on the
calculated water balance components
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Stepenitz
River Basin

Climate Stations

Red: Stations used for the simulation calculations (9)
Green: Stations with time gaps or missing parameters

Blue: Stations used for the simulation calcul
Orange: Stations with time gaps or missing param

Precipitation Stations

Climate and Precipitation Stations used for the Simulation Calculations
in the Stepenitz River Basin
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Differences of calculated water balance components for 3 station densities

• Both precipitation and the water
balance terms show large differen-
ces, if only 9 climate stations are
taken into account.

• The simulation results are much
better, if the 6 stations in the basin
are taken into account as well.

• The differences are comparatively
small for the 81-93 average va-
lues, vary however considerably for
each single year of the simulation
period.

• In case of surface runoff formation
and basin discharge the differences
are extremely high in 1993 (extre-
me precipitation event).

Ø This emphasizes the importance of
a high density net of meteorologi-
cal stations for such convective e-
vents in meso-scale hydrological
modelling (especially in case of
flood modelling and prediction).

precipitation Differences of annual sums for the
period 1981-1993 for the reduced
station densities as compared to

the default station density (9climate
/24 precipitation stations)
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• The performed analyses emphasize an increasing demand
for accurate and consistent data at various spatial and
temporal scales, which can be used to study the impacts of
climate and land-use changes on the hydrological cycle.

• The results obtained in the Elbe river basin and some of its
sub-basins provide a better understanding on the spatial
and temporal data necessary for a physically based, spa-
tially distributed hydrological modelling at different scales.

• The spatial distribution of climatic input variables has
proven to be a key issue in hydrological modelling at larger
scales.

RECOMMENDATIONS FOR FURTHER RESEARCH

• There is a growing need for a higher density of meteoro-
logical stations which is often too low for large scale stud-
ies.

• This is especially true for the number of climate stations
providing long-term data of at least a few decades, because
these data represent the basis for the development of climate
change scenarios.

• Therefore, this study strongly supports any effort to establish
international co-operation towards the acquisition of reliable
and high quality data to face today’s challenges of hydrology,
like climate impact research and sustainable develop-
ment studies.

Conclusions
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• Among the various meteorological input data precipi-
tation is, in general, characterized by the largest un-
certainties.

• In order to demonstrate the uncertainty propagation in
the modelling results, simulation runs were performed
assuming a general error in precipitation.

• The effects of an increase or decrease of about 12 %
in precipitation on various water balance components
and the basin discharge in the Stepenitz river basin
were studied.

• Mean annual values of

Ø climatic water balance,
Ø evapotranspiration,
Ø percolation,
Ø surface runoff formation and
Ø basin discharge

are calculated for the time periods 1989-1993 (dry),
1983-1987 (wet) and 1981-1993 (total)

Propagation of uncertainties
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Climatic water balance:
Changes are due to pre-
cipitation changes (since
pot. evaporation is un-
changed).
Drastic changes of up to
190%, especially in the
dry period 89-93, where
decreasing precipitation
results in negative va-
lues (water deficit).

Evapotranspiration
does not change much
(less than 4%).

Percolation shows evi-
dent changes, especially
in the dry period 89-93
(+41%,  -39%).

Surface runoff formati-
on changes by about
20%, almost indepen-
dent for the three evalu-
ation periods.

Basin discharge chan-
ges dramatically, espe-
cially in the dry period
89-93 (+39%, -37%).

ð Errors in the correcti-
on of precipitation
heavily influence the
integrative parameter
discharge.

Change of various water balance components
due to precipitation changes


