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Abstract. A fully integrated Atmospheric-Ocean-Hydrology  In addition, a comprehensive validation of the integrated
Model (BALTIMOS = Baltic Integrated Model System) has model for the Baltic Sea and its catchment area has been
been developed using existing model components. Experperformed using data from a period of about two decades
iment and model design has been adapted to the Baltito achieve reliable estimates of the water and energy bud-
basin with a catchment area of approximately 1 750 000.km gets for the Baltic Sea area for present climatic conditions
A comprehensive model validation has been completedRichter and Ebel, 2003; Richter et al., 2004).

using large meteorological and hydrological measurement

database. Comparing the calculated runoff from the inte-

grated and non-integrated model system with measurements

for three different representative subbasins and the entir@ Theoretical background

Baltic basin, the effect of the integrated model is described.

The results display a good agreement between measured ai@limatic modeling systems have been improved with regard
calculated runoff. The effect of the integrated model is ratherto the hydrological cycle during the last years. Overviews are
negligible looking at computed mean values: There is no sig-given by Pitman et al. (1993), Henderson-Sellers et al. (1995)
nificant difference between mean monthly runoff of the inte- and Viterbo (1996). A better understanding of the compo-
grated and non-integrated model during the year with the exnents of the hydrological cycle and the interaction between
ception of spring. There is a delay of one month with regardatmosphere, biosphere and the land phase of the water is
to peak runoff for the non-integrated model in spring causeddescribed in SVATS-models (Soil Vegetation Atmospheric
by different interactive processes during the melting period. Transfer Schemes) (Dickenson et al., 1986; Wigmosta et al.,
1994).

An improved hydrological model for describing the infil-
1 Introduction tration and runoff generation was implemented into the cli-
matic model ECHAM/REMO (DKRZ, 1994) by Dmenil

The major task of the Baltic Sea Experiment (BALTEX) is to and Todini (1992); the division of rainfall in infiltration and
simulate the whole water and energy cycle of the Baltic basinSUrface runoff is coupled to an orographic factor. The cli-
and to identify important processes relevant to it. matic model REMO included two parameterizations for a

In the project BALTIMOS (Development and Validation Short term and a long-term prediction, which is not effi-
of a Integrated Model System in the Baltic Region), which is cient enough to describe the hydrological cycle on a regional

funded by the German government a fully integrated modeiscale. Therefore, REMO has been coupled to the water bal-
system for the Baltic Sea region is developed. This is@Nc€ model LARSIM. LARSIM has been developed dur-

done by linking the existing model components REMO for ing the first phase of BALTEX with respect to the climatic

the atmosphere (Jacob, 2001), BSIOM for the ocean andnodel REMO/ECHAM (Bremicker, 2000). It has been im-
sea ice (Lehmann, 1995), and LARSIM for the hydrology plemented as a grid-based hydrological model, describing

(Bremicker, 2000; Richter and Ebel, 2003). the interaction of the whole water cycle between atmosphere,
biosphere and land phase similar to the SVATS models. It has

Correspondence tK.-G. Richter been verified on various scales for different basins (Weser,

(karl-gerd.richter@ludwig-wawi.de) Danube, Neckar and Rhine).
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[ [ channel geometries for the described model.

Fig. 1. Block diagram of the integrated atmospheric-hydrological-

ocean model BALTIMOS. 3 Model design and experiment

The model area of the atmospheric model covers a region be-

LARSIM is a mesoscale model constructed to simulate thetWeen 0 and 30 degrees East and between 45 and 75 degrees

water balance of large river basins continuously. Not only NO'th with a horizontal grid mesh size of 1/6 degree. The

does it incorporate the calculation of runoff generation acrosgwdr(?log';gg gggi%areg vI;nth_a catchment ﬁrea of approxi-
the land surface and translation and retention within rivermately and the river routing scheme using an

channels, but also the processes of interception, evapotrarllqenr:'c?jl grid sﬁ'erI]S shown 'g F'%' 2. he channel )
spiration and water storage in the soil and aquifer as well as The data, which are used to derive the channel network,

artificial influences (e.g. storage basins, diversions) (Fig. 1)_are ava"ablg ona global scale. To calculate the channel
The flow direction of each grid element is given by one length the Digital Chart of the World (DCW, 1992) has been

of eight possible flow directions, recognising the slope andused' To evaluate the channel slope, the USGS height data

the river system. Catchment storage is calculated for direcP‘fﬁ (USGS.' 199t3’ 1-km rgsglutlct)p) 2 as been ?.tlhzetd' )
runoff and baseflow runoff within each grid element using € experiment was carried out in 5 consecutive steps.

parallel linear reservoir approaches. 1. Calibration and validation of LARSIM as an existing
The calculation of translation and retention in channels high-resolution hydrological model, covering the whole
implemented in LARSIM is depending on channel geom- BALTEX land area and river network.

etry and roughness conditions to avoid the introduction of

further calibration parameters in the water balance model. 2- Estimation of the river runoff from the entire Baltic Sea
To confine the amount of calculation efforts it is assumed  basin using measured climatic data as an essential addi-
that consistent geometrical proportions apply for the viewed  tional information for oceanographic models.

channel section, which can be described by a twin-trapezium
cross-section. Furthermore, in determing the stage-discharge
relationship, the discharge is presumed to be stationary and
homogeneous.

The implemented channel routing uses a variable storage
coefficient method developed by Williams (1969). Since 4. Determination of the river runoff from the entire Baltic
no information on actual channel geometries were avail- Sea basin based on calculated climatic data for a 20 year
able, channel width and depth were calculated according period.

3. Parameterization of REMO with the hydrological model
LARSIM for the improved modeling of the terres-
trial water regime in a high resolution atmosphere-
hydrological-ocean model.
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Fig. 3. Daily (left side) and monthly (right side) simulated and measured discharge at the gauges Raktfors/Thorne (top), Riga/Daugava
(middle) and Hohensaaten/Odra (bottom) (Legend left side: blue line = measured runoff, red line = calculated runoff).

5. Calculation of the river runoff from the entire Baltic (84 000 kn?), representing the hydrology of a mixed climate
Sea basin using calculated climatic data within the inte-(Fig. 2).
grated atmospheric-hydrology-ocean-model for a three-
year period. 4.1 \Validation of the hydrological model with measured
meteorological data

4 Results For the three representative basins and the total Baltic basin
meteorological data such as temperature, relative humidity,
In order to calibrate and validate the components of the tersunshine duration, wind measurements (about 2000 stations)
restrial hydrological cycle, three different test catchmentsand rainfall (about 4500 stations) and runoff measurements
were chosen, which represent the different meteorologicalvere available for a period from 1996 to 2000. These data
and hydrological characteristics of the BALTEX basin: the were used for the calibration and validation of the hydro-
Thorne basin (78 000 kfy, representing the hydrology of the logical model LARSIM. During the calibration process, the
cold climate, the Odra basin (109 000%kmrepresenting the model parameters were adjusted aiming at an optimum fit of
hydrology of the continental climate, and the Daugava basirsimulated versus measured discharge. The time step for all
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120
calculations is one day. Results of the calibration are shown 5 Rewo a0 200
in Fig. 3. The validation was performed comparing daily and ~ '* i R
monthly discharge.

The daily values of discharge at the gauge Rakt- .
fors/Thorne show an underestimation of calculated peaks in
spring. During the other time of the year, the simulated
runoff corresponds well with the measured runoff. Addition-
ally, the calculated values of mean monthly runoff sort well
with the respective measured values. Minimal values for dis- o N N e
charge are computed during winter and early spring. Ttz 4 s e 2o

For the gauge Riga/Daugava daily values of discharge
were available until the end of 1997. The measured runoffrig. 6. Mean monthly rainfall (measured and simulated).
is influenced by river regulations. There is a good general
agreement between simulated and measured runoff. During

the winter however, the runoff is overestimated by the simu-4.2  Validation of the hydrological model with REMO Input
lation.

At the gauge Hohensaaten/Odra, the quality of the simu-The runoff components of the non-integrated model were
lated runoff is the highest among the three basins. Furthercompared to measurements by using the meteorological out-
more, it is notable that the major flood event during the sum-put from the atmospheric model (i.e. temperature, wind,
mer of 1997 is simulated quite well. There is also a goodpressure, relative humidity and rainfall) as input in the hy-
agreement between simulated and measured runoff with redrological model LARSIM. This comparison had the goal to
spect to mean monthly values. analyse the different cumulative effects of measured versus

Based on the parameter evaluation of these three represenalculated meteorological input data on the resulting runoff.
tative basins, the model parameters were used for the conmFhe calculated runoff is compared to estimated runoff for two
parable regions of the entire Baltic basin. decades (1980-2000) (Fig. 5). There is an overestimation of

In Fig. 4 the mean monthly simulated runoff for the total the calculated total runoff in comparison with the estimated
Baltic area for a time period from 1996 to 2000 is comparedtotal runoff over the whole period of about 10 to 15 percent.
to the estimated runoff. The mean monthly estimated runoff In Fig. 6, the total mean monthly rainfall (measured and
has been prepared by the Swedish Meteorological and Hysimulated by REMO) for two different periods (1980-2000
drological Institute (SMHI) using a combination of runoff and 1996-2000) is displayed. Measured values have been
measurement and model-output from hydrological modelscorrected using the Sevruk method (Sevruk, 1991). There is
for regions where measured data has not been available typical variation of rainfall during the year with a maximum
There is a good agreement between the estimated measurgsl June and a good agreement between the mean monthly
and calculated runoff. measured and calculated rainfall between 1996 and 2000

Hence, the hydrological model LARSIM is able to de- with the exception of March, April and May. The total mean
scribe the hydrological processes of the different regions ofmonthly runoff to the Baltic Sea is shown in Fig. 7. There is
the Baltic basin and their different hydrological characteris-a good correspondence of the total mean monthly calculated
tics well. runoff to the mean monthly measured runoff, except in May
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4.3 Validation of the integrated and non-integrated model

| _mrﬂlﬂlﬂlﬂmlﬂiﬂ
Runoff has been calculated with the integrated (IM) and non- oo T F e womm
integrated (NIM) model system and subsequently compared

to measurements. Using the integrated model should leac 100 -
to a better understanding of hydrological processes within
atmospheric models and improve overall results.

When the calculations were performed with the non- , "%
integrated model, the two runoff components of REMO were
routed using the LARSIM routing scheme offline. When us-
ing the integrated model, the three model components (atmo-=
sphere, hydrology and the ocean model) were joined in one

Month
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single program to be run together. 200
In Fig. 8 the mean monthly runoff for the representative °
basins Thorne, Daugava and Odra for the period from 1999 12

to 2001 (for the Daugava only up to 2000) calculated with

both model systems is compared. o Fig. 8. Mean monthly (measured and simulated) runoff for the inte-
At the gauge Raktfors/Thorne, an overestimation of runoff grated and non-integrated model for the three representative basins.
during January to March and in May using the non-integrated

model can be largely reduced with the integrated model. Be-
tween June and November there is a good agreement b?ﬁose of the NIM, caused by more interaction of atmosphere
tween the mean monthly measured and calculated runoff val- : L : ;

. .. and ground during weather situations which are dominated
ues with both IM and NIM model runs. The yearly variation : . o

: by ground-heating (convective weather situations).

of the mean measured and calculated monthly values is low
lations are overestimated significantly throughout the monthd/ary and from April through December. In February and
measurements and calculated runoff values with both syslated runoff can be detected.
tems are very similar. During the winter and spring peri- The results for the total measured and calculated mean
ods, there are small differences between the IM and NIMmonthly runoff are shown in Fig. 9. Runoff is overestimated
mean monthly runoff simulation values. In summer, meanduring winter, with a maximum in March (IM) and April
monthly runoff simulation values with the IM are higher than (NIM), and underestimated during summer. The effect of
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