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ABSTRACT

Within the EEC program for characterizing the dynamics of deserts.fi.cation south of
Sahara by the use of 'remotely sensed data, a research program has been {nitlated by three
french organizations INRA-IRAT-LERTS on the monitoring of crop water conditions during the
rainy season by use of satellite data.

Primarily focused on the Senegal area, the study was..carried out .in collaboration with
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aimed at establishing a relation between the satellite derived surf ace temperatures and the
actual evapotranspiration (ET) through the classical surf ace energy budget method.

After a preliminary study based on two scenes acquired in 79 and three in 83, the
stess was put on the summers of 84 and 85. Sixteen dates wer© .selected far cloud-free
conditions'for each rainy season (between ] and 2 dates per week), ordered to ESOC in
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The following results were obtained

a Cumulated T along the rainy season are linearly correlated to the amount of cumulative
rainfall. thussallowing to draw ralnf all maps where spatial interpolation is more precise
than with the classical ground data.

b. The use of a sImplIfIed relationship approach allowed to compute the .spatial variability
of ET, in spite of the large error in the estimates of Ts from Meteosat data.

c. By the analysis of crop production statistics in relation to ET/ETM ratios
production maps may be proposed at the end of the rainy season.

Perspectives and lImIts of these applications 8re discussed in conclusion.
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INTRODUCTION

W[th[n the frame of the g]oba] action "Caract6rjsat]on par ]es techniques de
t6]6d6tectlon de la desertification a ]a p6ripherle du Sahara" undertaken by the European
Economic Comnunlty, Directorate of Development (DG8/A2), a research program has been
developed by three french laboratories for assessing the poss]b]e use of meteoro]ogjca]
satellites for the monitoring of crop water conditions along the rainy season in Sahelian
regions. The project was mainly focused on Senegal, both because of the high rainfall
gradient (from 150 mm {n the Senegal valley to about 400 mm at the latitude of Dakar during
the study period, wIthIn a distance of nearly 300 kms) and the existence of a dense
agrometeorologlcal network .

1. THE OBJECTIVES

Using recent work performed {n the "Station de Blocllmatologle INRA d'Avlgnon" about
the use of meteorological satellite thermal IR data to estimate evapotranspiration {see
SEGUIN et a1., 1985, for a global review), the objectives were

a. To globally check the possible use of these data during the rainy season to assess the
spatial extent of rain episodes.

b. To evaluate the abIlIty of mapping the actual evapotranspiration ET by using a simplified
relationship developed after the suggestion of JACKSON et al. (1977) and thereafter checked
both by exper]menta] approach and theoretical analysis (SEQUIN et al., 1982 ; SEGUiN et
IT[ER, 1983 and SEQUIN et a]., 1985).

ETd Rnd + A - B (Ts - Ta)

where daily ET (ET,i) {s computed, for each pixel, from the daily net radiation Rna, the
surf ace temperature T. derived by satellite and the air temperature T, measured Tn the
ground network .

c. Finally, to test the suitability of that ET mapping for establjshlng maps of final yields
for main crops, by a combination with agroclimatologlcal models relying upon the regression
of these yields with the ratio ET/ETM of the actual ET over the maximum ET. thus expressing
the degree of satlsf action of water needs.

For fulfilling these objectives, the project needed a high complementarity and a ful
cooperation between'the various components. That was achieved by the following organization.
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The project allowed the analyst.s..of two. rainy seasons (1984 and 1985), after some
preliminary analysis of some dates in 1979 and 1983.

11. THE BASIC DATA

The study first needed climatic and satellite data along the rainy season

2.1 . Cllrnatic data

They were derived from the ground meteorological network of the M6t6orologle Nationale
and the agrometeoro]og]ca] stations of ISRA (figure I).
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FIGURE I

The available network of meteoro]ogica] and agrometeorological stations

From that network, the following parameters were obtained : air-temperature (maximum),
{nsolatlon, relative humidity, rainf all, evaporation of Class A pan, global radiation (for
4 stations only) .
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2.2. Satellite data
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one conman'day (23106186).
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111. THEIR PROCESSING

The setting-up of the proposed methodology supposed to combine climatic and satellite
data at the location of ground stations in order to use remote sensing for spatial
extrapolation in a second phase
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a'pentad-basis.

That model has been previously tested in the Sahellan zone (see ASSAD, 1984
and KALMS, 1984 ; FRETEAUD et al., 1985) and appears to give satisf actory results.

FOREST
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"-;'v e\rolutlon of Ts for the dates of 9 and lO .august 1986
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IV. OBTAINED RESULTS

They may be presented according to the main objectives defined in the Introduction

4.1 . Rai nfal I mope
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season (figure 4)
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FIGURE 4

Relationship between Ts and cumulative rajnf all for the date of 06/07/79
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significant relationship at i:he end (figure 5.)
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Relationship between tT) and !P at the )end of the rainy seasons
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That result, {f obtained emplrlcally, may be Justified by the linear relationship
between T. and ET (as expressed by the sImplIfIed approach) and the approximative linear
dependence of ET against rainfall P along the season. It may be used as a possible
operational procedure for mapping rainfall and estimating the spatial extension of rainy
episode, as shown by figure 6
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FIGUU 6

Comparison of 'lsohyets det"ived from Meteosat
to those established by cllmatological ground services

4.2. Computatlgn pf !!clonal ET

The estimate of ET by the sImplIfIed approach appeared as a difficult challenge
because of the uncertlnltles both in the exact values of T. and the reference ET values
computed by the water balance at the pixel scale That explains the large dispersion
observed, especially in 1985 (figure 7)
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EIURN - Relation proposie par SeguinC1982
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FIGURE 7

Established simplified relationship for 1985
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derived estimates by ground measurements.

4.3. The a illcdtlon to vield mappln

iii;: 11#wnwwm :i
ilp;«}l:;lli1ll: £ijl:l Zllillli':ll:\WIllI:XllllFilll : I llWl:ll:ii ll
season {s not so bad (figure 8)
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FIGURE 8

Relationship of millet annual yield with rainfall (a) and ETjETM (b)

VI. CONCLUSION

From that preliminary study, mainly based on a methodological
conclude

approach, we may
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satellite to combine the two Inf ormatlons.
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