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Biosphere feedback on regional climate in tropical north Africa
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SUMMARY

The impact of land-surface degradation over the Sahel area on seasonal variations of atmospheric and hydro-
logical components over tropical north Africa are investigated in a general-circulation model numerical experiment,
together with the mechanisms involved. The model was integrated for four years with and without vegetation change
over the Sahel region with different initial atmospheric conditions. The results demonstrate that the degradation
of the land surface can have a significant impact on the Sahelian regional climate. It increases the surface air
temperature and reduces the precipitation, runotf and soil moisture over the Sahel region during the July-August—
September (JAS) season. The impact is not only limited to the specified desertification area and the JAS season but
is found also to the south of this area and extends into the October—November—December season. The changes in
the annual rainfall cycle and the JAS mean surface temperature over the Sahel area are consistent with the observed
climate anomalies of the past 40 years. The changes in rainfall to the south of the Sahel including eastern Africa
are also in line with the observed anomalies.

The reduction in total diabatic heating rate and relative increase in subsidence motion in the upper troposphere
are consistent with the rainfall anomalies. The variations in convective heating rate, which were caused by changes
in latent-heat flux from the land surface and moisture flux convergence in the atmosphere, are the dominating
factors in this process. The radiative cooling is a secondary effect. The influence of the initial conditions on the
simulation of the soil water balance is also analysed.
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1. INTRODUCTION

The African continent has been experiencing land-surface degradation during the past
century. Anthropogenic effects, such as over-exploitation of land resources by overgrazing,
poor irrigation, and the destruction of woody vegetation, have played an important role
in this process. The major desertification processes in northern Africa are manifested in
degradation of the vegetation cover and accelerated water and wind erosion (e.g. Gormitz
1985; Dregne and Tucker 1988; Dregne and Chou 1992). According to Dregne and Chou
(1992) these processes mainly affect the land uses on rangeland. About 74% of rangeland
is desertified, with 71% severely desertified.

A number of studies with different models have been conducted to study the role of
biosphere feedback on the Sahel drought of the past 20 years. In the earlier studies, simple
surface-layer models were used for sensitivity studies. Only a single land-surface parameter
was tested each time. The primary factors of the desertification under investigation were
surface albedo, soil moisture, and surface roughness length. These studies revealed that
higher surface albedo, less soil moisture, and lower surface roughness length would lead
to lower precipitation in Africa (e.g. Charney et al. 1977; Walker and Rowntree 1977; Sud
and Fennessy 1982; Cunnington and Rowntree 1986; Laval and Picon 1986; Kitoh et al.
1988; Sud er al. 1988).

Real atmosphere-biosphere interaction processes are, however, much more complex
and involve many parameters. Therefore, sophisticated land-surface models are needed to
assess realistically the impact of desertification on the Sahel drought. A proper evaluation
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of the surface feedback to climate can be abtained only when all comparable components of
the energy and water balances are considered. Models such as the Biosphere-Atmosphere
Transfer Scheme (Dickinson ef al. 1986) and the Simple Biosphere model (SiB, Sellers
et al. 1986), each of which has an elaborate and biologically realistic representation of
land-surface processes, have been developed with the help of the further understanding of
surface micrometeorology in the presence of vegetation. Satellite observations have also
provided much of the land-surface information required by these biosphere models. A num-
ber of Sahel drought studies have been conducted using coupled biospherc—atmosphere
models (Xue et al. 1990; Xue 1991; Xue and Shukla 1993; Diedhiou and Mahfoul 1995;
Xue and Shukla 1996). Unlike previous studies, these coupled models are able to simulate
observed decadal rainfall anomalics over the desertified Sahel region. These studies show
the following causes of the reduction of simulated Sahelian summer rainfall in the deserti-
fication experiments: the reductions in evapotranspiration and moisture flux convergence,
the shifting of the summer monsoon rain belt to the south, the suppression of easterly
wave disturbances, and the changes in other atmospheric components. The coupled model
provided further insight into biosphere—atmosphere interaction mechanisms.

In addition to the land-surface effects, observational and model studies have revealed
that sea surface temperature (SST) anomalies are highly relevant to the seasonal to inter-
annual rainfall variability in northern Africa (Lamb 1978; Palmer 1986; Nicholson and
Entekhabi 1986; Semazzi et al. 1988: Folland er al. 1991; Lamb and Peppler 1991 Xue and
Shukla 1993; Shinoda and Kawamura 1994; Rowell er al. 1995). In Rowell ef al. (1995)
a set of general-circulation model (GCM) simulations were performed aimed at simulat-
ing July—August-September (JAS) rainfall anomalics for ten selected years between 1949
and 1990. In each experiment the GCM was forced by the observed SST pattern for the
appropriate year. The model simulates the magnitude and patterns of JAS rainfall anoma-
lies across tropical north Africa very well. However, these results were not confirmed by
their integrations with a later version of the model or by other GCM groups (Sud and Lau
1996). After improving the model, Rowell (1996) again showed high correlations between
the SST and observed rainfall anomalies, but the correlations were not as large as in their
earlier work. The land surface-moisture feedback was also investigated in their study using
a simple soil-moisture scheme. The impact was limited. To investigate the causes of Sahel
drought comprehensively, the effects and mechanisms of SST and land-surface processes
need to be further investigated separately and jointly with different models.

To advance our understanding of the impact and mechanisms of land-surface degra-
dation on the climate anomalics over tropical northern Africa gained with a previous
study (Xue and Shukla 1993), four-year integrations using the Center for Ocean-Land-
Atmosphere Studies (COLA) GCM were conducted. Climatological S8T was specified
as the lower atmospheric boundary condition over the ocean in this study. No experiment
was designed to test the effect of SST anomalies. In Xue and Shukla’s (1993) study the
integration period was only three months. Although the influence of initial conditions for
some variables only lasts a relatively short period of time, the memory for others, such as
soil moisture. is much longer. The effects of such memory have been questioned and have
yet to be tested (Rowell er al. 1995). In addition to the summer rainfall anomalies over
the Sahel, the impact of land-surface processes on the annual cycle of other atmospheric
and hydrological variables and other parts of the African continent also need to be inves-
tigated. Specifically, longer-term integrations and large samples are necessary to establish
the statistical significance of the results.

In this paper the model is bricfly described in section 2. The experimental design
is deseribed in section 3. The simulation results are presented in sections 4, 5, 6 and 7.
Section 8 is the discussion and summary.








