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Abstract

We have developed in our group an interface model which simulates the thermal and hydraulic
exchanges between the soil, the vegetation and the atmosphere and estimates the energy fluxes at the surface. This
model has been shown to be able to assimilate thermal infrared and microwave data for calibration of some surface
parameters. It has been used over different regions and different periods of the year. Recent results will be presented.

A first study in the frame of the HAPEX-MOBILHY experiment,(1985-1986) has shown that satellite
thermal infrared and visible data may be used to calibrate the soil and the vegetation functional parameters of the model
and estimate during the year either the soil moisture in the surface layer or the water available in the root zone at a scale
‘compatible with the grid of an hydrological model.

The second study is the application of this method over a Finnish watershed continuously over the

month of July 1988. The total evapotranspiration has been estimated and compared to the estimate given by a water
balance method.

I. INTRODUCTION

Knowledge of areal evapotranspiration at regional scale is strongly needed for hydrological studies and
specially for hydrological modeling. It is well-known that hydrological models do not succeed to simulate realisticaily
the soil moisture in the surface layer, particularly during summer months when the drying out is too large. This
drawback leads to the impossibility to simulate correctly the floods at the precipitation recovery. Thanks to the spatial
observations providing large-scale measurements, it is now possible to use remote sensing data to evaluate energy and
momentum fluxes between soil, vegetation and atmosphere, and then to assimilate real evapotranspiration or soil
moisture in hydrological models to monitor water exchanges between the soil layer and the atmosphere.

The method is based on the use of models simulating the exchanges at the soil interface and able to
assimilate the infrared surface temperatures measured by satellites. In this way, if the atmospheric and surface
parameters are known, the energy and hydraulic budgets at the surface can be modeled and surface temperature estimated
from infrared remote sensing can be used to estimate one surface parameter which would be unknown in the model and
which could be for example the soil moisture. This methodology has already been successfully applied locally in the
case of bare soils /1,2/ and in the case of a dense vegetation /3/, but until now, has never been validated at a larger
scale and on a long time period.

We present here two studies. The first one is part of the HAPEX-MOBILHY experiment in South-Western
France. The inversion model has been calibrated locally on different soils and on different vegetative conditions before
being applied on the whole area (100x100 km2). The soil moisture have then been estimated and compared with the
same parameters modeled by a hydrological model.

The second study was carried out over a whole watershed (about 1225 km2),in South-Western Finland to show
that our inversion method can be used to monitor water budgets during periods in the order of one month. The modelled
evaporation has been compared with that estimated with the water balance method.

II. The surface temperature / surface fluxes inversion model

Our model is based on the formalism of / 4/. It calculates the surface fluxes, surface temperature and
soil moisture from the knowledge of the atmospheric forcing and from the characteristics of soil and vegetation. The
soil is represented as a two layers system modified by /5/, where the thermal and hydraulic transfers are described by
three important parameters : thermal inertia, hydraulic diffusivity and limit evaporation. The vegetation is described by
one single foliage layer with negligeable heat capacity, shielding more or less completely the ground. The most
sensible parameters characterizing the canopy in the model are : the vegetation height, the Leaf Area Index and the
minimum resistance to evaporation which all depend on the type of cover and on its state of maturity.

Before the model could be run, all these parameters have to be fixed for each different surfaces available
in the region under study. All the soil coefficients depend on soil texture and moisture and can be adjusted with usual
functions found in the literature. But, if soil measurements and soil fluxes are available at the same time, they can be
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estimated directly. This was the case during HAPEX experiment and so this method has been applied over the region
where all the measurements necessary to calibrate our model have been made on different sites.

III. HAPEX-MOBILHY (HM) study

1. The HM experiment
This program was designed to measure the surface fluxes and specially the evaporation at different time:
and space scales over a hundred kilometers square in South-Western France. The first results of the experiment are
described in /6/.

During a Special Observing Period in 1986 (May,7th - July,lSth), micrometeorological, soil and
biological measurements have been made at twelve different sites where SAMER ( Syst2me Automatique de Mesure de
I'Evapotranspiration Régionale) equipments were implemented. At each of these sites, wind, temperature, relative
humidity, radiation fluxes and ground heat flux were collected every 15 mn. The sensible heat flux is then calculated
via the flux-gradient relationship and the latent heat flux is estimated by balancing the surface energy budget. The
vegetation height and the local soil water profiles were also measured every week.

With all these data, it has been possible to calibrate all the surface parameters of the model and to
simulate the real surface fluxes during the whole vegetative period .

2. Local validation of the surface model .

The soil parameters of the model have first been calibrated at the beginning of the SOP when most of

the sites were bare soils. All the input parameters of the model were measured as well as the sensible heat flux. At one

site called "Castelnau”, the surface temperature was also measured with an infrared radiometer. So, by comparing the

sensible heat flux and the surface temperature modeled to the measured ones for different days, the three most sensible

parameters of our model ( thermal inertia, hydraulic diffusivity and limit evaporation ) have been estimated and verified
over different sites with same soil texture and on other days.

Over fully vegetated sites, as the Leaf Area Index and the height of the canopy were measured, the last parameter
to calibrate was the minimum resistance to evaporation. In the same way as for bare soils, it has been estimated for
different maturity states by adjusting the fluxes.

Then, the model and the calibrated coefficients have been validated during the intermediate period on partial
canopies where the evaporation from the vegetation and from the soil surface are comparable.

All these results are detailed in /7,8/ and we just present here for these three types of surfaces, the comparison
between the modeled and measured sensible heat flux for two different soil textures ( sand and loam) and two different
vegetation (corn and oat) on the 16th of June , validation day, where the modelled values are independant of the
measurements(Figurel). (8 -
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Fig. 1: Comparison of measured and simulated daily sensible heat flux Hs in three cases : a) over a loamy
bare soil , b) over a partial canopy of maize on a sandy soil , ¢) over a dense canopy of oat on a sandy soil , for the
16th of June 86 . (Rn is net radiation) .
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3. Follow up of the regional hydraulic budget on HM region
If one wants to follow precisely the hydraulic budget over a whole watershed, it is necessary to use a
hydrological model to simulate the surface and the underground flows. Over the HM region, an hydrological model
/9,10/ has been calibrated and run during the two years of the experiment (1985-1986). The model is spatially
distributed with a grid size of 5 km. The input parameters are the precipitation and potential evaporation and the model
simulates the evolution of soil moisture and the streamflows at the outlets.

As our surface model is able now to simulate the fluxes on all the types of surfaces available over the HM
square, it can be used to inverse the soil moisture at the satellite pixel size(or the hydrological model grid size ), on the
whole region and for all the days for which the surface temperature can be estimated from satellite thermal infrared data.
Then, the estimated values can be introduced in the hydrological model to reinitialise it, each day when a cloudless
satellite image is available.

During the two years of the HM experiment, at least one cloudless image per week from NOAA9-AVHRR over
the region have been selected, and up to now , just the images taken during the SOP have been treated. Surface
temperature was calculated from Channel 4 (10.5-11.3 mm) corrected from atmospheric absorption with a radiative
tranfer model (LOWTRANG) where the atmosphere is prescribed by radiosoundings data.

After determination of the soil texture of each mesh of the hydrological model, the soil parameters of the
interface model are fixed following the results of the local adjustements. The vegetation parameters must be determined
at the same scale. The only way to do it , is to use the Normalised Difference Vegetation Index (NDVI), which is a
combination of visible and near infrared reflectances, and is proportional to the chlorophyll density. From this index and
with the rough knowledge of the type of plant, the Leaf Area Index and the height of the vegetation have been
estimated for each pixel of the satellite image. Figure 2 shows the NDVI calculated over South-Western France for one
day ( 10th of uly 86 ). As it can be seen,the highly vegetated areas like the Landes forests have bigger values than the
urban areas and non-agricultural zones.

Fig. 2 : NDVI calculated over South-Western France on the 10t of J uly 86. Values are in percentage. The color
scale goes from black to red for high values.

Finally, the soil moisq:re in the root zone (about 1 meter deep ) has been estimated from the surface temperature
on each mesh of the hydrological model and compared to the simulated one. Generally, as it can be seen on Figure 3 for
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the 10t of July, the inversed soil moisture is larger than the modeled one specially in the South part of the square, and
more homogeneous. It seems to be an improvement as the largest drawback of the model is to dry the surface layer
unrealistically. These very preliminary results must now be confirmed by comparing the time evolution of the satellite
inversed soil moisture to the soil moisture profiles measured locally.

Afterwards, the inversed soil moisture and the real evaporation will be assimilated regularly to reinitialise the
hydrological model.

(a) "(b)
Fig. 3 : Soil moisture over the H-M square modeled by the hydrological model (a), compared with the one
inversed by the surface model (b) for the 10th of July 86. The color scale goes from black to red.

IV ESTIMATION OF REAL EVAPORATION OVER A FINNISH WATERSHED

The soil/vegetation/atmosphere model has also been used to estimate the total evaporation over the Eurajoki
river basin and its two sub-basins in South-Western Finland during the entire month of July. The model has been first
calibrated with the existing measurements on all the different types of soils and vegetation existing on the area and then
run for the whole month of July 1988.

1. Model calibration

The studied region is mostly covered by forests (about 50%) and agricultural areas (about 30%). The lake area
varies between 0 and 25% depending on the subwatershed In the agricultural areas, the soil is mostly heavy clay and in
the other open areas, the soil is generally sand. During the summer months, the region is fully vegetated. Then, the
most sensible parameters of the interface model are the vegetation ones. They have been fixed with the help of land
uses maps and satellite data.

For the determination of the land-use parameters, LANDSAT-TM images and digitalized map data have been
used. To determine the Leaf Area Index and the minimum resistance to evaporation, NDVI and surface temperature
cstimated from NOAA9/AVHRR images were treated.

As the NDVI was nearly the same on three images spread over the month, the LAI and the height of the
vegetation were kept constant all along the simulation. We found LAT equal 4 and h equal 1m to be representative of the
mean conditions in agricultural lands in the region.All these results are already described in /11/.

2. Result of the monthly modelisation

The model has been run for the two main soil types for open areas in the Eurajoki river basin for all the month
of July 88.

The total cumulative evapotranspiration has then been calculated for the three river basins as a weighted mean of
evapotranspirations from different soil types. As soil is generally clay in the agricultural areas and sand in the other
open areas, and assuming that forest evaporate at potential rate, the total modeled evapotranspiration is presented for the
three river basins in Table 1. It can be compared with the one estimated by the water balance method. The results show
very little differences between the two methods and demonstrate the potentiality of the methodology. But this work
must now be done on longer time periods during which ground measurements and satellite will be available to test the
accuracy of the model.
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TABLE 1. Results of monthly areal evaporation calculations for the Eurajoki river basin and its two sub-
basins, WB : evapotranspiration with water balance method , EP : potential evaporation, and Etot is the total
modelled evapotranspiration from the corresponding river basin.

BASIN EVAPORATION OR EVAPOTRANSPIRATION (MM),
NUMBER WB EP Etot
1046 118 131 119
214 120 131 121
219 121 131 118

V. CONCLUSION

In all these studies, we have tried to show that remote sensing may contribute efficiently to soil water budgets
monitoring. Thanks to their high resolution and repetitivity, meteorological satellite can be used to provide surface
parameters of primary importance for atmospheric or hydrological models at a scale compatible with their grid of
calculation and regularly in time.

The knowledge of evaporation or soil moisture at regional scale will improve greatly the follow up of surface
water budgets and could certainly help in irrigation control and agricultural monitoring.
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