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Abstract

Research activities ainting af integrating Earth Observation data in
large scale distributed hvdrological modelling will be presented. The
Sfacus will be on the Senegal River basin in West Africa where satel-
lite data from various sensors and from different paris of the efectro-
magnretic spectrum will be used in combination with a distributed
model specifically adapted to utilize Earth Observation data. The
work represenis the initial results obtained by the angoing INTEQ
project. The ourcome and experiences gained so far are primarily
related 1o low resolution optical data from the NOAA-AVHER
sensor, and results refated to land cover classification, vegetation
and soil moisture will be presented.
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By the end of 1996 the Danish Research Council had
launched a four-year research programme in Earth Obser-
vation (EQ) with the long-term purpose of complementing
and developing ongoing earth observation activities in
Denmark. INTEQ (INTegration of Earth Observation data
in agrohydrological models) was one of the four projects
that obtained funding through this initiative. This multi
disciplinary project has the ultimate objective to integrate
EO data and hydrological models with the perspective of
improving water resource management. Research within
INTEO focuses on the use of satellite remote sensing data
combined with large scale hydrological modelling, in par-
ticular the Senegal River basin in West Africa, (Figure 1).

This paper presents the research done within INTEQ,
with focus on the general approach pursued for combining
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Figure 1: The Senegal River Basin, with the subsel for more detailed
modefling.
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Earth Observation data and hydrological models. The first
results and experiences that have been obtained so far will
be presented. The paper will be concluded with pointers to
future work within INTEO. A description of the context in
which the hydrological model is applied, can be found in
Rasmussen et al. (1999), which contains an elaboration of
water management issues in the Senegal River basin, with
special emphasis on agricultural practices in the river
valley.

Background and state of the art

Earth Observation (EQ) data is a potentially very useful
source of information on the state and development of a
long range of vegetation and hydrological parameters. EO
data is particularly useful when conducting studies on a
large scale, and when conventional data is scarce. An ap-
pealing characteristic with EO-data in combination with
hydrological modelling, is the ability of EO-data to ob-
serve areas rather than point data. In some cases, EO-data
enables entirely new measurements of hydrolegical vari-
ables. In addition to this, EO-data can provide time-series
of data relatively easily, enabling periodical updating of
variables. With the rapid development of new sensors (like
the ones on board ENVISAT and Meteosat Second Gene-
ration), with improved spectral, temporal and spatial re-
solutions, the potential for deriving information on vari-
ables of hydrological interest is improved. The following
paper is by no means meant to be an exhaustive review of
hydrological applications of EO data, however, broad lines
will be addressed, with special emphasis on hydrological
modelling.

During the past two decades several reviews of the suit-
ability of EO data, particularly for hydrological modelling
purposes, have appeared (Engman and Gumey, 1991)
(Schultz, 1993) (Engman, 1995), and many scientists have
discussed the perspectives of integrating EQ data and
hydrological models ((Peck et al., 1981) (Kuttinen, 1985)).
So far model applications have, with few exceptions, been
confined to the mapping of land use/surface cover and
SNOW Ccover.

The idea of combining hydrological models with EO-data
is thus not new. Areal photography has been used for
decades, and some of the earliest work on the application
of satellite remote sensing data in combination with hydro-
logical models dates back to the mid seventies, for in-

48 Geografisk Tidsskrift, Danish Journal of Geography 99

stance, Jackson et al. (1977). The first auempts to use
EO-data to provide information on the land cover, and the
potential in map-like information were recognized early
(Schultz, 1993). However, as late as 1995, remote sensing
in combination with hydrology was still spoken of as
premising (Engman, 1995), in spite of the progress in
development of new methods that derive hydrological vari-
ables from EO-data, and the development and availability
of new sensors.

Traditional hydrological models are not designed, nor
well suited, for making use of EO data. In a comprehensive
description of 25 of the most common hydrological models
(Singh, 1995), only two models were reported to have had
operational experience with direct use of remote sensing
data, namely the SRM model (Rango, 1995), which used
data from many different satellites for assessing snow
cover, and the SLURP model (Kite, 1995) which used
Landsat and NOAA data for assessing land cover and
DMSP for snow water equivalent.

Hydrological models are often classified according to
their spatial representation of data input and processes as
either lumped or distributed {Wood and O'Connel, 1985);
(Nemec, 1994). Most of the classical hydrological models
are not well suited for EO data because they belong to the
lumped group of models that consider input data and state
variables as average values over an entire catchment or
sub-catchment which typically has an area of hundreds of
km’. However, some examples of modified lumped models
successfully using EO data, can be found (Kite and
Kouwen, 1992),(Hardy et al, 1989). Distributed hydrolo-
gical models (DHM), with a regular squared model grid,
are most well suited for using EO data. DHMs which have
detailed physically-based descriptions of surface processes
and state variables, appear to have the largest potential for
making full use of EO data. However, most classical
hydrological models, even the distributed physically-based
ones, require some modification to fully utilize EO data, as
the input data and state variables, which can be assessed
from the EQ data, are not all explicitly included in the
models.

In addition to the further development of classical hydro-
logical models, two recent trends have emerged, with re-
gard to integration of hydrological models and EO data.
First, a number of new models specifically designed for
making use of spatially distributed EO data are being de-
veloped in GIS environments. An example is presented by
Said (1996), who uses land cover maps derived from EO-



data. Some of these models belong to the group of so-
called ecosystem models or ecological models and use
EQ-data in various ways, e.g. to define basin geometry and
channel routing, in addition to vegetation variables (Band
et al., 1993). Second, with the availability of radar im-
agery, a new trend in the application of EOQ data and
hydrological models has emerged. Radar data has been
used for the assessment of seil moisture (Mauser et al..
1997) (Giacomelli et al., 1995) and for the monitoring of
flooded areas (Bates et al., 1997).

A study of the integration of low resolution satellite data
and an ecosystem model in the Sahel, has recently been
published (Lo Seen et al.. 1995), (Mougin et al.. 1995).
The model can be driven by vegetation indices, but the
authors report a large sensitivity to atmospheric effects.
Earlier work in the Senegal river basin, involved satellite
derived rainfall estimates, based on the cold cloud duration
index in a flow prediction context (Hardy et al., 1989). The
study reports that the applied hydrological model perform-
ed as well as rain gauge data using satellite derived rainfall
data, but also that the derivation of rainfall from satellite
data is not straightforward. Climate research involved in
coupled land surface/atmosphere modelling are developing
gnd-based hydrological models (denotad land surface
parameterization schemes), a few of which are able to
accommodate EO data. These models are to some extent
based on the extensive work done on extracting hydro-
logical relevant parameters from EO data, which is not
covered by this review. At the present time there is increas-
ing awareness, that should the potential in EQ data be

fully exploited, a combination of sensors is necessary, for
instance in the study reported by Yin and Williams (1997)
or by Troutleau et al., (1997).

The INTEQ project

It is the intention of the INTEQ project to develop and
validate methodologies for estimating key input parameters
and state variables in a hydrological model, for a large
river basin using EO data. In particular. the project focus
on the identification of model variables that can success-
fully be provided by EO-data. including development of
methods and the identification of what kind of EO-data is
relevant for input andfor model validation. The main
strength of the work undertaken in the project is that, with
the combined use of a distributed hydrological model and
EO-data, model calibration and validation are not necess-
arily restricted to river flow data, but the spatial informa-
tion from the EQ data source can also be used.

The distributed hydrological model requires daily or
longer intervals input, for a number of variables. INTEO
carries out research aiming at using EO data for providing
information on land cover, leaf area index (daily) or vege-
tation greenness (daily), soil moisture (daily) and rainfall
(daily). Different sources of EQ) data are applied for dif-
ferent applications as can be seen in Table 1, where a list
of the available EO data is shown. The combined use of
data from different parts of the electromagnetic spectrum
and of different spatial resolutions are considered to

Sensor Spatial Spatial Temporal | Applications No of Table 1: EO data available 1o the INTEO
Coverage | Resolution Coverage images project, and the applications of the data.
AVHRR Basin fhmx ! km 1986-1998 | Soil moisture > 500
LAl
Land Cover
SPOT Swbset 200mx 20m Land Caver 3
Vegeration
Landsat Subset J0m 30 m Land Cover K
Soil moisture
Vegetation
Radarsat Subser app. 2o m 1908 Soil moisture i
Land Cover
Vegeration
ERS Subset app. 27 m 1991-1998 | Soil moisture 40
Land Cover
Vegetation
METEQSAT | Basin dkmxd km |12 Precipiiation g
SMMH Basin & & FPrecipitation o
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be central in the optimal exploitation of EQ data. The re-
search efforts are undertaken at two scales, a basin wide
large scale, where NOAA-AVHRR data in combination
with SMM/I and METEOSAT are the main data sources,
and at a smaller scale where a 140x140 km? subset of the
basin comprising irrigated areas in the northern part of the
basin has been modelled (Figure 1). On the smaller scale,
high resolution optical data (SPOT and Landsat) will be
used in combination with SAR data {(Radarsat and ERS2),
and the results from the large scale modelling will also be
included. The work has so far concentrated on the use of
AVHRR data on the large scale model, and the work on
the subset has only just been initiated.

The hydrological model
The hydrology of the Senegal River basin has been

modelled with the MIKE SHE code (Refsgaard and Storm,
1995). MIKE SHE is a further development of the Euro-

pean Hydrological System — Systeme Hydrologique Euro-
peen, SHE (Abbott et al, 1986). It is a deterministic, fully-
distributed and physically-based modelling system for de-
scribing the major flow processes of the entire land phase
of the hydrological cycle. It is applicable for a wide range
of water resource problems related to surface and ground
water management, contamination and soil erosion.

The applied version of MIKE SHE in this study is based
on the standard version of MIKE SHE, with a replacement
of the standard complex groundwater module by a simple
groundwater module (Chnstierson, 1997). This approach,
which for the groundwater component aims only at simula-
tion of the interflow and baseflow, is similar to the one
successfully tested by Knudsen et al. (1986). The new
MIKE SHE version, as illustrated in Figure 2, is oriented
towards surface water studies, such as the coupling of a
hydrological model to remote sensing data for the Senegal
River basin, so that detailed description of groundwater
conditions may not be required.

The model solves the equations of interception, evapo-
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AGGREGATION OF ROOT ZONE
PERCOLATION WITHIN TOPO-
GRAPHICAL ZONES FOR LUMPED
ROUTING OF INTERFLOW AND
BASEFLOW +

INTERFLOW
STORAGES
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BASEFLOW |>

CANOPY INTERCEPTION MODEL
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Figure 2: Schematic presenta-
tion of the modified version of
MIKE SHE.
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transpiration. overland flow, channel flow, unsaturated
flow and routing of saturated subsurface flow and in this
way describes the major flow processes of the entire land
phase of the hydrological cycle. The model is fully dis-
tributed and physically based except for the new ground-
water module which is only semidistributed and concep-
tual.

In the horizontal plane the catchment is divided into a
network of grid squares. The river system 15 assumed to
run along the boundaries of these. Within each square the
soil profile is represented by a number of computational
nodes in the vertical direction

In the simple groundwater module the catchment is di-
vided into a number of subcatchments. Within each of
these the groundwater zone is represented by a series of
interdependent interflow and baseflow storages. These
storages behave as linear reservoirs, implying that the out-
flow through each outlet is linearly proportional to the
water content in the storage, with the proportionality factor
being a time constant by which each reservoir outlet is
fully characterised.

The percolating water from the root zone may either con-
tribute to baseflow recharge or move laterally as interflow
towards the stream. Hence the interflow storages have two
outlets, one "horizontal” outlet that contributes to the base-
flow storage in the next downhill topographical zone, and
the other "vertical” outlet which contributes to the inter-
flow storages. The structure of this module will enforce a
redistribution of water in favour of the topographical zone
adjacent to the stream, where the water content is generally
higher than in the rest of the catchment. In low lying wel-
lands and floodplain areas, the water table may in periods
be located above or very close 1o the terrain surface and
hence contribute more to the generation of overland flow
and evaporation. In order to simulate this mechanism,
water held in the lowest topographical zone may, as in-
dicated in Figure 2, be allowed to contribute to the root
zone when the soil moisture is below field capacity.

Previous experience has shown that the linear reservair
approach for the groundwater zone, as applied here, is suf-
ficient for an accurate description of the discharge hydro-
graphs (Refsgaard and Knudsen. 1996). The advantage of
this approach is that is requires much less geological data,
is less demanding with respect to computational require-
ments and 1S easier to calibrate.

The Senegal River basin

A map of the Senegal River basin is shown in Figure 1.
The river receives most of its water from the “'the water
tower” of West Africa, the Fouta Djalen mountains in
Guinea, where annual precipitation exceeds 2000 mm. Pre-
cipitation has a very large north-south gradient, from a
mean annual precipitation that exceeds 2000 mm in Fouta
Djalon, to the northern parts of the basin that receive less
than 200 mm/year. Thus the major part of the basin be-
longs to the semiarid part of West Africa. The temporal
distribution of rainfall in the source area is unimodal with
a maximum between June and September, and thus the
river flow has a very large varation over the year. The
total drainage area is approximately 350,000 km?® and the
main tributaries are Bafing, Bakoye, and Faleme (Fig. 1).

The MIKE SHE modelling of the Senegal River basin

The first hydrological model created in the INTEO project
is a conventional model based on standard, non EO gener-
atcd data, of all the distributed information. Table 2 lists
the used input data, including a source reference.

As can be seen from table 2, the distnibuted data sets are
taken either from the internet, from FAQ's digital soil map
or created on behalf of other data in a GIS. Since the basin
covers four countries itis very difficult o obtain consistent
data that can be merged into one map covering the whole
basin. This accounts for the use of the large number of data
types as mentioned in table 2. Since the model resolution
used is very coarse with a spatial discretization of 4 x 4
km?, the input data is also only needed at a low resolution.
This has favoured the use of global data sets which are
easily available and much more spatially consistent when
compared to nationally collected data sets.

The vegetation types are based on a NOAA land cover
classification for Africa, where the originally 196 classes
have been reduced to 6 classes. FAO's soil map (FAQ,
1996) has the main hydrologic information in three texture
classes and therefore, represents the spatial distribution of
soil information. Soil depth has shown to be a very sensi-
tive parameter when modelling. The information provided
by the used FAO data set (FAO, 1996) is very coarse and
only of little use. It has, therefore, been necessary to cali-
brate this parameter.

The most import time series for this model is the rainfall
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Data Type Data Source

Distributed Maps

Vegetation NOAA based Land Cover Clas. fedewww.cr.usgs.govianddaac/glce/)
Topography USGS | km® DEM (edewww.cr.usgs.govilanddaac/stopo30hydro)
Rivernet Digital Chart of the World (www.maproom. psu.ediw/dew)

Soil npes Digital FAO Soil Map of the World in 15,000,000 (FAO, 1996)

Soil depths Digital FAO Soil Map of the World in 1.5,000,000 (FAQ, 1996)

Precipitation zones

Stations (poinis) distributed by Theissens Polvgon Method

Potential evapotranspiration zones

Stations (points) distributed by Theissens Polvgon Method

Catchment boundary

Extracted from DEM using GIS algorithms (ESRI, 1996)

Subcatchment boundaries

Extracted from DEM using GIS algorithms (ESRI, 1996)

Topographical zones

Created as buffer zones around rivernet using G185 tools

Time Series

Precipitation

National Meteorological Institutions, 112 stations

Potential Evapotranspiration

National Metearalogical Institutions, ~15 stations

Discharge Transnational organisation for the River basin {OMVS), 11 stat.
Leaf Area Index Standard values chosen for all six vegetation rypes used
Root depihs Standard values chosen for all six vegetation fypes used

Table 2: The distributed
maps and fime series
needed for the applied
MIKE SHE model with
reference to the source.

and discharge data which are respectively the main driving
input parameter and the main output controlling parameter.
Daily rainfall data from 112 stations and discharge data
from 11 gauging stations covering a ten-year period has
been available for calibration and validation purposes. The
first calibration has been carried out for a five-year period
using only the downstream Bakel discharge station (Figure
3).

The results achieved from the first calibration seem to be
acceptable allthough one should keep in mind that a good
fit on this catchment scale does not ensure a good fit
internally, e.g. on the grid scale. A step towards such an
internal validation, will be carried out by th comparison of
simulated discharge against other upstream discharge

{mis)
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2400.40 -
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Figure 3: The first calibration results from the Bakel siation. The
{ocation of the station is shown in Figure I
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stations for the same period. Finally, a split sample valida-
tion test will be carried out by compairing data from the
other five year period that had not been used for cali-
bration.

The use of EQ data as an input to the hydrological
model

Low resolution land cover classification.

Temporal NOAA AVHRR data can be used for large scale
classification of natural vegetation types, which forminput
to the hydrological model. The vegetation dynamics are
reflected in the vegetation index curves (NDVI) which can
be derived from the visible and near infrared channels of
the AVHRR sensor, for each pixel in the image. The
NDVI curves can be described using four parameters: A)
the average level of NDVI, B) the difference between
maximum and minimum NDVI, C) the duration of the
period of elevated NDVI, and D) the time of the onset of
the growing season. These four parameters may be ex-
tracted from a sine curve, fitted to the data volume, as
shown in Figure 4. The chosen parameterization results in
a desirable reduction in data. Image representations of the
parameters A, B, C and D are shown in Figure 5. The para-
meter A (average NDVI level) shows the expected strong
north - south gradient, with highest values towards the
south. The amplitude, B, is very low for the northern
regions of Mauritania, and has a maximum value in the
central part of the basin. The area of maximum amplitude



Figure 4: Grgphical representarion of the four paramelers on the
sine curve. The curve is fitted to NDVT timeseries from AVHRE data.

Fignre 5: Image represertations of the four classificarion para-
meters. The parameters define the fired sine curve.
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corresponds o savanna woodlands, where extreme vana-
tions m the greenness of vegetation between the dry and
wel periods, are evident. The length of the green period,
parameter C, shows a less pronounced nonh - south gradi-
ent. The apparent lengthy green period in the far north
(bright colour) 15 an artifact, due to the fact that vanations
m atmosphene water vapour masks the temporal evolution
in NDWI, which has a very low amplitude in the nonthem
parts of the basin. The time for onset of vegetation growth,
[, has no spatial trend, indicating a more random natune of
rainfall in the beginning of the tainy season.

Besults from an unsupervised classification based on 78
NOAA AVHRR images from 1990 are shown in Figure 6.
This classified image is the land cover map used as input
for the hydrological maodel.

Leaf Area Index

In order to generate a time series of Leaf Area Index
(LAI). a conversion of NDVI is used. The overall idea is
to transform the NDWVI values for each pixel, using a linear
transformation of the fraction of photosynthetically active
radiation absorbed by a canopy (TAPAR) as described by
Troufleaw et al. (1997) and then perform a conversion of
FAPAR 10 LAT using the relation established by Mynem
and Williams (1994):

In(l— fAPAR)

LAT = LA max )*
T 1= FAPAR: max )

where:

LAl s estimated leaf area index

LAT, ., is maximum leaf area index

FAPAR iz the fraction of photosynthetically active radia-
tion as estimated from NDWV1

[APAR,,, is the FAPAR corresponding to maximum leaf
area index

This allows for the standard LAT tables, used in the hydro-
legical model, to be replaced by real timeseries,

Soil moisture

Information on the soil moisture stams is not used direetly
as input in the hydrological medel, rather the information
is used as a means to update the model or for validation of
the model. River discharge is typically the only vanable
that can be used for model validation or calibration. When
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spatially distributed information about the soil moisture
status can be derived from remotely sensed data, a much
more powerful tool is then available for model validation
and calibration. Although the remote sensing data does not
provide ground truth, this comparison may be considered
as a kind of validation test of the model’s ability to simu-
late spatial patterns of soil moisture. Such a test is a soft
one, because the remote sensing data contains a consider-
able amount of uncertainty, however, on such a large scale
remote sensing data appear to be the only possibility for
conducting internal validation tests for the distributed
model.

NOAA-AVHRR data are well suited to derive spatial and
temporal information about the soil water status covering
a large river basin, using a combination of the visible, near
infrared and thermal channels to derive surface tempera-
ture (Ts) and the Normalized Difference Vegetation Index
{(NDVI). The basic approach is to interpret the location of
image pixels in the so-called Ts/NDVI-space, in terms of
their soil moisture status, as indicated in Figure 7.

From observations of Ts and NDVI, the Temperature
Vegetation Dryness Index (TVDI) (Sandholt et al., 1999)
can be calculated for each image:

Is—Ts .,
a+bNDVI-Ts, .

VDI =

where:

Ts is observed surface temperature

NDVI is observed vegetation index

Tsip is minimum observed temperature in the image a and
b are constants in the equation defining the upper edge of
the triangle.

TVDI is related to the soil moisture status, so that high
values indicate dry conditions and low values indicate
moist conditions. This is based on the fact that surface tem-
perature is mainly controlled by the energy balance and
thermal inertia, factors that integrate moisture conditions
at the surface. A dry surface will have higher temperature
than a moist surface everything else being equal. This
method is a simplification of the approach described by
Moran et al. (1994). The main advantage is that the method
is valid for vegetated, as well as bare surfaces and only
relies on remotely sensed information, and is conceptually
and computationally simple. Consequently the operational
use of the index is straightforward.

In Figure 8, the TVDI for 17th November, 1990 is
shown. The wilting of the vegetation has started, as the last
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tem perature TVOI: Temperature Vegetation Dryness index
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Figure 7: Definition of the Temperaiure Vegetation Dryness Index
{TVDL). TVDI for a given pixel (NDVLTs) is estimared as the rela-
tion berween the distance of the pixel from the wet edge (TVDI=0)
and the span of Ts in the Ts/NDVI-space for the given NDVI {the dif-
ference berween Ts and the dry edge (TVDI=1) and Ts at the wet edge).

e S,

Figure 8: AVIIRR based TVDI in the Senegal River basin, [7th
November, 1990. The black areas have been masked out due to cloud
COVEr.

rain event occurred on the 12th November in the southern
part of the basin. The relation to MIKE SHE-simulations
is shown in Figure 9.

There seems to be an agreement in the overall trend in
data. The potential of using the index lies in the ability to
obtain a better description of the spatial variation in soil
moisture.

High resolution mapping of irrigated areas
In the selected subset of the Senegal River valley (Figure
1), irrigated agriculture is the main activity, with the main
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Figure 9: Comparison of TVID and ihe results from ihe hydrolegical
madel, Locations of the sampled valwes have been indicated in
Figure 8

being crops rice and sugar cane. Sugar cane cultivation is
practised in the agro-industrial fields of “Compagnie
Sucrigre Sénégalaise™ (C55). and it differs to a great extent
from the agricultural practices in rice production, the latter
having been described in Rasmussen et al.. (1999). Dis-
tributed hydrological modelling is especially imponant in
areas where spatial information, related to vegetation and
moisture status of the surface, is crucial wo proper water
management. This is the case in imigated areas. In addi-
tion, the subset is well investigated due to the intensive
irmgation activities in the area, and extensive data sets exist
on soil tvpes, land use, water allocation as well as fme
series of meteerological data. Data from CS5 will be used
as ground truth and the calibration of the remotely sensed
data, in particular SAR data.

The first results concerning the use of SPOT data will here
be illustrated using a SPOT XI image, acquired 8th Octo-

Figure 10: Xenegal River delta: cartography of irrigated zomes
classified from SPOT 51 af Btk Ocraber, MR Overall classificarion
accuracy is 97. 5%

ber, 1998, The image consists in four bands (green, red,
near IR and mid TR). The image has been classified vsing
asupervised maximum likelihood classification algorithm,
with an overall classification accuracy of 97_.5% (Fig. 10).
This accuracy is relatively high, compared 1o other classi-
fication results based on a single image acquisition, A
closer look at the separability between land cover classes,
shows that the mid IR band is especially well suited to
separate vegetation classes in the delta.

Future INTE(} research priorities

The future activities with INTED, will be directed towards
the integration of the results obtained from NOAA-
AVHER data and the hydrological model. At this time, the
madel code has been modified in order to accommodate
EO data, and the calibration and validation of the large
scale application, based on conventional data, is in its final
phase. The work related 1o the refinement of TVDI will
continue, and the approach for the estimation of LAT and
the broad scale land cover classification, will be auto-
matized.

Analysis of the possihilities of estimating precipitation
using a combination of two data sources, namely METEQ-
SAT and the passive microwave data (SMM/T) will be
investigated. A recent study has demonstrated, that it is
possible toobtain estimates of rainfall using passive micro-
wave data (Kidd, 1998). It is anticipated that the short-
comings in the method (eg. only two image acquisitions
per day s possible) can be overcome by using METEQ-
SAT data w determine the positions of clouds between
SMM/I-coverages.

At the same time the smaller scale study in the northern
part of the basin will continue and the sub-model will use
the large scale model to define the boundary conditions.
An imporiant component in the smaller scale model, 15 the
application of SAR data, and specifically the synergy
effects of optical and SAR data. Results from vanous ap-
plications of SAR data are begmning 1o eémerge (for in-
stance Cognard et al., (1995), Grffiths and Wooding,
(1996}, Jackson e al. (1997}, Paloscia (1998)). Synergy
effects have been addressed by for instance Moran et al.
(19970 It is the intentwon, that the two types of SAR data
that the project has at its disposal, (cf. Table 1) will be
used to assess information about spatial vanation in soil
moisture, in combination with high resolution as well as
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low resolution optical data. However the activities will also
encompass land cover classification and the assessment of
vegetation status.

The hydrological model run based on conventional data
will serve as a reference run. For comparison, another run
will be used with EO data on LAI and precipitation.
Furthermore the EO data on TVDI and radar soil moisture
will be used for model validation and the possibilities of
using this for updating of soil moisture in the model will
then be analysed.
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