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ABSTRACT

The climate of the West African Sahel is characterized by unusually long (multiyear) persistence of anomalously
wet or dry conditions. An increasing body of evidence suggests that land surface processes contribute to this
persistence and to the severity of drought. In this study, we quantify land surface characteristics and fluxes in
the Sahel in order to determine the degree to which they vary in response to rainfall fluctuations and anthropogenic
effects on the surface. The Lettau climatonomy model is used to assess surface energy balance near Niamey,
Niger. This article presents the first of three parts of the model, shortwave radiation climatonomy. Using irradiance
at the top of the atmosphere as a forcing function, the model calculates global radiation, atmospheric heating,
ground-absorbed solar radiation and planetary or top albedo. Sensitivity studies show that submedium absorption
of solar radiation is primarily affected by surface albedo and cloudiness; the aerosol content of the heavily dust-
laden Sahel atmosphere has little effect. A comparison with time series approximating global radiation on clear
and partly cloudy days shows that the model accurately assesses the clear sky case but that better cloud param-

eterization would improve model results,

1. Introduction

The growing perception of climate as an integral part
of the global environmental system, influenced by and
influencing its terrestrial and aquatic boundaries, has
enhanced the need for assessing surface characteristics
and the exchange of energy and matter with the at-
mosphere. This is particularly true for the land surface,
which is increasingly acknowledged as having a major
impact on climate and weather on global, regional,
synoptic and mesoscales (Anthes 1984; Nicholson
1988). There exists a need to quantify surface char-
acteristics and processes for improving numerical sim-
ulation of climate and for monitoring long-term cli-
matic and environmental change.

The West African Sahel is a region where land sur-
face processes appear to influence climate significantly.
Drought has prevailed in the region since the 1960s
and the need to understand the causes of this phenom-
enon provides the motivation for our current study.
Charney (1975) once postulated that its origin was an-
thropogenic modification of the land surface, the
mechanism being the impact of desertification on sur-
face energy balance via altered surface albedo. While
few scientists currently accept the notion that surface
changes caused the drought, an increasing body of ev-
idence suggests that land surface processes can prolong
and intensify drought in the Sahel. The 20-year dura-
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tion (Nicholson 1986, 1988), a highly unusual occur-
rence elsewhere, is often cited as evidence of a land-
atmosphere feedback mechanism whereby droughts are
self-reinforcing as a result of the land surface changes
which they produce. These changes include not only
albedo, but also soil moisture, evapotranspiration, sur-
face temperature, roughness and dust generation, all
of which affect the mass and energy exchange with the
atmosphere.

The ultimate confirmation of this hypothesis pre-
sents a twofold problem: providing surface data for
numerical simulations of the drought and monitoring
the land surface and its characteristics on a regional
scale. A number of GCM studies have attempted to
ascertain the role of land surface processes in Sahel
drought, usually modifying one variable at a time and
utilizing highly unrealistic perturbations of surface pa-
rameters (e.g., Charney et al. 1977; Sud and Fennessy
1984). These studies would be enhanced by realistic
assessments of the manifold land surface changes which
accompany dry and wet years in the Sahel. Long-term
environmental modification by people may likewise
have significant impact on surface properties, and
hence, surface energy balance. Environmental moni-
toring can be accomplished with satellite observations
and recently a number of satellite methods have been
applied to calculating surface fluxes and energy balance
(e.g., Carlson et al. 1981; Price 1982; Taconet et al.
1986a, 1986b; Abdellaoui et al. 1986). These methods,
however, provide only indirect estimates of surface pa-
rameters and must be verified with ground truth.






