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Abstract

Regionalization of local scale modelling concepts is of paramount importance for
realistic predictions of climate by Global Climate Models and for improved
accuracy in regional hydrological modelling. A series of land surface experiments
are providing a methodology and a unique dataset to develop and test
regionalization algorithms. Most of this data is successfully used in analysis of
local scale phenomena and the physical interpretation of remote sensing data. SC-
DLO is currently integrating these results into regional atmospheric and
hydrological models.

1. SCOPE

Coupled hydrological and meteorological models are the basic tools to study the
effects of changes in land use on water resources and climate. These models
operate on spatial scales many times larger than for which the physics was
originally developed, and at which the land surface changes appreciably. It is
important to test the applicability of small scale physics at large scales and to
develop parameterizations that take into account the heterogeneity of the
landscape. In the development of the models, aggregation and disaggragation
methods meet through a physically based description of the relevant processes (Fig.
1.

The World Climate Research Program (WCRP) and the International Geosphere
Biosphere Program (IGBP) have initiated a series of experiments to provide the
required data to test and develop these parameterizations. The experiments have
taken place or are planned in areas which suffer from human induced or climatic
pressure on natural resources such as the Mediterranean (Bolle et al., 1992), the
Sahel (Goutorbe et al., 1993) and the Amazon basin (Dolman et al, 1994). The basic
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Figure 1. Domain of mesoscale and macro scale models

strategy in these experiments in which the Staring Centre is participating is to
combine simultaneous measurement of water, CO, and energy fluxes across the
landscape at various scales with interpretive modelling and remote sensing at
these scales. The basic aim of the modelling is to test and develop rules for
deriving "effective” parameters for large scale applications from a knowledge of the
small scale variability and the physics involved in defining the area averaged
fluxes.

2. MEASUREMENTS

Surface fluxes of evaporation, sensible heat, momentum and CO, are measured
by eddy correlation; a technique which measures turbulent fluxes by correlating
high frequency deviations from a mean for vertical wind speed and temperature,
CO, an humidity. HAPEX-Sahel (Goutorbe et al., 1993) was the first experiment
where these techniques were applied for such a long period under harsh
environmental conditions. This data froms the basis for the development of
detailed Soil Vegetation Atmosphere Transfer schemes (SVATs) which will link
atmospheric exchange processes of energy and momentum with biophysiological
control mechanisms in the vegetation.

Preliminary results of SC-DLO measurements in HAPEX-Sahel show that the
land-surface heterogeneity presented by two typical land cover types in the Sahel
appears to have little effect on average seasonal evaporation (Fig. 2). In contrast,
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Figure 2. Cumulative latent and sensible heat fluxes at West-Central Supersite during the
HAPEX-Sahel field experiment.

the sensible heat release into the atmosphere differs considerably between both
land cover types. This means that high resolution parameterization schemes for
mesoscale modelling are needed to be able to describe the interaction of the land
surface with the regional climate.

3. MODELLING

Models describing the control the vegetation exerts over transpiration and the
flow of water through the unsaturated soil are calibrated for homogeneous land
surfaces with the measurements obtained by micrometeorological techniques.
These SVAT models form the basic unit of the larger scale models (mesoscale)
which operate with grid resolutions from several hundred meter to tens of
kilometers. A non-hydrostatic mesoscale model (KAMM, Adrian and Fiedler, 1992)
is used to study the effect of landscape heterogeneity on area averaged fluxes. The
area averaged fluxes produced by this 3-D model are then compared with simpler
representations (parameterizations) in which the heterogeneity is integrated into
a single "effective” parameter for a large area.

4. REMOTE SENSING

Remote sensing provides the third corner in the strategy of these experiments by
providing the means for areal extrapolation of locally obtained results. A new
algorithm (SEBAL, Bastiaanssen et al., 1994) has been developed and tested for
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the EFEDA (Bolle et al., 1992) and HAPEX-Sahel field experiments to produce the
regional distribution of the latent and sensible fluxes.

5. CONCLUSIONS

The series of land surface experiments are providing a methodology and a unique
dataset to develop and test regionalization algorithms. Most of this data is
successfully used in analysis of local scale phenomena and the physical
interpretation of remote sensing data. SC-DLO is currently integrating these
results into regional atmospheric and hydrological models.
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