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1. INTRCDUCTION 3. EXPERIMENTAL DESIGN OF DESERTIFI-

The semiarid areas of Sahel is the zone between
the Sahara desert and the savannah lands to the south.
It i characterized by the strong seasonality of the
climate with a short rainy season im northern summer,

Accordjng to Nicholson (1980) and Lamb’s (1985) -
¢

studies there were several drought periods in African
history, followed by the wet episcdes. Since late 19603,
an extensive drought swept across the Sahel and
Ethiopia. The drought has lasted about 20 years and so
far there is no sign of the end of the drought situation.
Current research on this problem has focused either on
the influence of sea surface temperature (SST) or
land-surface changes. We focus on the land surface
=ffecta in thig paper.

According to Skoupy (1987) and Lanly’s (1982)
study, for a half century, and particularly over the past
30 years, the plant cover in Africa has been increasingly
degraded across the African continent. Such large scale
land surface destruction may have a significant impact
on the African climate. ~Meteorologists have lon
suspected a relationship between desertification an
African drought {Charney, 1975; Walker and Rowntree,
1877, Shukla and Mintz, 1982; Sud and Smith, 1084;
Xue et al,, 1990). In this study, we try to simulate the
effect of the desertification on African drought using a
realistic model of atmosphere-hiosphere.

2. MODEL DESCRIPTION

The GCM model being used in this study is a
modified version of the National Meteorological Center
{NMC) global spectral model (GCM). The detailed
Srmulation and the initialization procedures and
oundary conditions are described in Sela (1980) and
Linter et al. (1988). An interactive cloud scheme,
which is similar to the one developed by Slingo (1987),
was incorporated in the GCM (Hou, 1998).

The biosphere model used in this study was
developed by Xue et al. (1991) which is a simplified
version of Simple Biosphere Model (SiBz7 of Sellers et al.
(1986). There are three major parts in 5iB: calculation
of radiative transfer at surface, acrodynamic resistances,
and stomatal resistances. All three parts are simplified
in the current version.

There are twelve vegetation types in the SiB
model. Different biomasses are distinguished by vege—
tation and soil parameters. Four types have two vege—-
tation layers in the original SiB model. The Sahel area
is covered by two two-layer vegetation types. The
second layer covers whole ground.like a lid.” This type
of structure has yet to be verified with the observational
data. We eliminated the ground cover and re—opti-
mized the vegetation parameters. While the second
layer was eliminated, the properties of the two layers
are combined into a set of reconstructed parameters
consisting of one layer each. In this way, we also reduce
the total number of parameters used in this model.
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Dregne 31977) compiled a map to show the
status of desertification in each continent. He divides
the degree of desertification into four classes: slight,
moderate, severe, and very severe. The Sahel region is
categorized as a severe desertification region on this
map. In our model, the changes of the vegetation types
ha;e bgen used to describe the degradation of the plant
and soil.

There are four vegetation types in North Africa
in the SiB model: bare soil (vegetation type 11),
broadleaf shrub with bare soil (type 3), broadleaf shrub
with grouud cover (type 8), and broadleaf trees with
ground cover (type 6). The Sabara desert consists of
types 9 and 11 &Fi . 1a), -

Table siows the values of some vegetation
and soil parameters for types 8, 8, 9, and 11.

From Table 1, we can find that type 8 has
larger vegetation cover, leaf index, greenness, and
su&aoe roughness length than type 9; it has loam soil.
Type 8 and type 9 both have sandy soil, which has less
capacity to hold water. Type 8 has larger leaf index
and surface roughness than type 9.

Due to lack of vegetation data after deserti—
fication in Sahel region, we simply replace the vege-
tation types 6 and 8 in that region with type 9. This
reduces the vegetation cover, leaf index, roughness
length, soil depth, and degrades other vegetation and
soil properties. Figure la shows the original vege-
tation types in SiB model over Africa. Figure ib shows
the vegetation iypes after desertification. It covers
Dragne’s severe desertification area, but expanded to
the southwest. This area is from about 10° N to 18.5' N.

Although we use type 9, not type 11 to describe
the desertification, the changes we made here still
exaggerate the real desertification.

The surface albedo changes with the vegetation
type. . The albedo varies with a diurpal variatioa in the
S5iB model. The mean value of the albedo is about 0.3
for desert, and about 0.2 for vegetation types 6 and 8.
The albedo changed by about 0.10 after the vegetation
was altered.

We also designed an afforestation experiment,
to test the impact of large scale revegetation on the
Sahel climate. Since afforestation experiment is a pure
sengitivity study, we do not reconstruct new vegetation
types, but simply chose type 6 to replace types 8 and 9.
The afforestation area is depicted in Fig. 1¢ and spans
about 7* of latitudes. The albedo lowers by about 0.1,
Since type 8 and type 6 have almost the same albedo,
the albedo change area is smaller than that in the
desertification experiment.



4, EXPERIMENTS AND DATA

We used different SSTs and initial conditions in
our experiments. The rainy season in sub—Sahara area
lasts about 2-5 months during boreal summer
ErNicholson, 1980). We started our model integrations

om June and integrated for three months to have 2
larger response from the amomaly experiments. Al
model integrations were started from the initial condi—
tions of June 1 or June 2, 1988. According to observa-
tions, 1988 had the highest precipitation rate during the
19803, June 1, 1987, which was relatively dry, also was
used as one of the initial conditions.

We obtained SST data sets from the U.K.
Meteorology Office for boundary condition, which
include 1950, 1983, and climatological SST. It is
prescribed in the model and updated once a day in our
numerical experiments,

We conducted one control experiment and two
anomaly experiments (desertification and afforestation)
in this study. Each experiment consisted of five cases,

-which had different initial and/or boundary conditions,

Three of them used climatological SST as boundary
condition with June 1, 1988, June 2, 1988, ard June 1,
1987 as the initial conditions. We also used 1983 SST
and 1950 SST, since 1950 is the wettest year in Africa
during this century and 1983 is the second driest year,

Table 2 shows the cases in our experiments.
We denote control experiments by C, desertification
experiment by D and afforestation experiment as A in
the rest of the text.

The soil moisture alsc has to be changed in
anomaly cases. The soil wetness became about 0.05 in
the test area in Cases D and about 0.16 in Case R.

5. RESULTS FROM DESERTIFICATION
EXPERIMENTS

Due to the large amount of computing time
required by these experiments, we run our experi—
ments in NASA CRAY YMP, NCAR CRAY XMP and
YMP. All these cases were integrated for ninety days.

Figures 2a—c show the five case mean rainfall
over Africa for Case D, Case C, and difference (D-C).
From Fig. 2¢, we find that, after degertification, the
rainfall reduced more than 1 mm/day and there is a
clear dipole pattern. The rainfall reduced in the
desertification area. But it increased slightly in the
south of this region. According to Nicholson’s studies
(1981), rainfall anomalies frequently occur of opposite
sign north and south of 10* N, with the discontinuity at
this latitude being very sharp,

Another important feature is the displacement
of isohyets. The isohyets moved south in the deserti—
fication experiment,.

Figure 3 has the time series of the rainfall for
Case C2 and D2, which is based upon daily means over
the test area, This figure (and other cases) showed that
the rainfall drop in the desertification experiment
started from about the third day and continued,
throughout whole period. We had similar results for
other cases, .

For the afforestation experiment, we had the
similar results, but with the opposite sign, Figures 4a,b
show five case mean rainfall for afforestation and
difference between afforestation and control Case
(A-C). The impact was not as large as in the deser—
tification experiment. The afforestation area in this
case i less than that in Case D. It is also possible that
the location of the changed surface condition is closer to
the descending branches of the tropical Hadley circula~
tion in Case A. The rainfall increased about I mm/day
in the test region.
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8. THE ANALYSIS OF THE HYDROLOGICAL-
CYCLE AND RADIATION BUDGET

Figures 5-7 show the accumulative rainfall,
evaporation from surface, and surface runoff, Figure 8
is total s0il water content at ground., All these results
are from Cases C2 and D2 for test area, After desertifi-
cation the rainfall was reduced by 107 mm during 90
days. However, despite the reduced rainfall, the surface
runoff increased by about 60 mm. This is because less
rain was intercepted by leaves and a large portion of the
precipitation would directly hit the ground, Meanwhile,
the soil layer had less capacity to hold water in desert
ar¢a. The evaporation reduced by about 60 mm in that
period, This amount of reduction is not large enough to
compensate the deficit caused by the reduced rain and
enhanced runoff. The total soil water content was
reduced by 107 mm in the desertification area.

We find that the reduction of rainfall and eva—
poration started at almost the same time. However, the
total reduction of evaporation is about 55% of that of
the precipitation. The remaining 45% should be contri—
buted by the moisture divergence and changes of the
atmospheric condition,

The main moisture source for Sahel summer
rainfall is the air flow from the Atlantic Ocean, and for.
east African, the Indian Ocean. The weakening of the
air flows from these two sources would significantly
affect the rainfall in the sub-Sahara area. Figure 9
shows the five case mean difference of the wind vectors
between desertification and control runs. Since thisis a
difference map, the vectors there do not necessarily
indicate the real wind direction. For example, a
westerly wind vector on this map means either the
westerlies become stronger, or easterlies become weaker.
From Fig. 9, we can find both air flows from Atlantic
Ocean and Indian Ocean get weaker and the dry
north-east air flows are stronger. This leads to a
teduction of the moisture convergence.

Ground temperature just increased slightly ia
Case D despite of the fact that the latent heat release
reduced significantly during the whole period. The
decreage oi5 the evaporation is balanced by the changes
of the net long wave radiation and short wave radiation
absorbed at ground surface.

The time series of short wave radiation ab-
sorbed at ground for Cases C2 and D2 are showed in
Fig. 10. The net short wave radiation decreased during
almost all 90 days in Case D2. The albedo plays a
critical role in this effect, despite the fact that the
reduced cloud cover (Fig. 11) tended to let more shott
wave reach the ground. Only when the cloud cover
reduced about 0.I, the two cases might receive almost
the same amount of short wave radiation.

The changes in sensible heat appeared to be
more complex. It was found that in Case D2 it reduced
during the first 35 days, then increased slightly during
the remaining time peried. However, in most other
cases, the sensible heat did not increase after it
decreased during first 30 days. The simulated outgoing
long wave radiation at the top of the atmosphere
reduced after desertification.

7. SUMMARY

The rainfall anomaly pattern from our deser—
tification experiment show that the physical processes
through which land surface affects the atmosphere are
reasonable and consistent with early studies. We
showed that the land surface effect” might play an
important role in the Sahel drought.
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TABLE 1
Type§ Types
Vegetation 0.3 0.1
cover
Leaf area 2.8 0.28
index
Greeainess 0.87 0.57
Surface 0.93 0.20
roughness{m}
Soll D1 0.2 0.02
depth(m}) D2 1.48 0.47
Dl 249 1.0
Soil
welness 7.12 4.05
exponent
Soil
teaxicon at —0.086 -0.035
saturation(m}
Hydraulic
conductivity 0.
at saturation
(m/e)
TABLE 2
Initial Coudition
1. Control tun
Cl June 1, 1988
C2 June 2, 1988
C3 June I, 1987
C4 June 1, 1988
Ch June 1, 1988
2. Desertification
D} June 1, 1988
D2 June 2, 1988
D3 June 1, 1987
D4 June 1, 1988
21} June 1, 1988
3. Afforestation
Al June 1, 1988
A2 June 2, 1988
A3 June 1, 1987
A4 June 1, 1938
AS June 1, 1988

SST

Climatology

Climatology

Climatology
1983 SST
1956 SST

Climatology

Climatelogy

Climatology
1983 85T
1950 35T

Climatology

Climatology

Climatology
1983 SST
1950 SST
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