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Abstract

Droughts and floods are important events which directly affect African water resources. The
causes of droughts occurring in semiarid regions are not yet well understood. Here we investigate
features controlling the dry and wet seasons in North African tropical regions. Data used in this
study are ISCCP C2 and Nimbus-7 ERB. We found that changes in surface albedo are major
parameters effecting dry and wet seasons. Also, surface longwave radiation and cloud radiative
forcing are found to be good indicator parameters to diagnose this phenomena. q 1999 Published
by Elsevier Science B.V. All rights reserved.
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1. Introduction

Tropical African precipitation is largely controlled by the north–south oscillation of
the region between the northern and southern trade wind belts, namely, the Inter

Ž .Tropical Convergence Zone ITCZ . The ITCZ moves with the seasons, following the
Sun. The north–south movement of the ITCZ is the most important feature of the
tropical climate system since it largely controls the spatial and seasonal distribution of

Ž .rainfall Farmer and Wigley, 1985 .
The main objective in this paper is to investigate the relationship of wet and dry

season characteristics to many physical factors. In North Africa, the rainfall pattern is
mainly a summer one, therefore data for the month of August for both wet and dry years
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Fig. 1. Precipitation index for the western Sahel for August–September normalized by the 1961–1990 base
Ž .period WMO, 1995 .

were used to explore causes of differences in the rainfall pattern. The mean summer
rainfall is found to be expressed by August. For this reason we take two seasons, one as
a ‘drought’ or dry season, August 1983, referred to as Aug83, and the other as a ‘flood’

Žor wet season, August 1988, referred to as Aug88, over North Africa see Figs. 1 and 2,
Ž . .WMO 1995, 1984 , respectively . Both figures satisfy our selection criteria for ‘wet’

and ‘dry’ summers in terms of the precipitation index and also clear identification of the

Ž .Fig. 2. Selected extreme continental precipitation wet and dry areas that persisted for more than a season in
Ž .the 1982–1984 period WMO, 1984 .
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Ždrought at summer 1983. Our quantitative definition of a ‘dry’ season is one in which
summer precipitation is less than 80% of normal, while a ‘wet’ season is one in which
precipitation greater or equal to 90% of normal precipitation. Precipitation departures are

Ž .based upon the reference normal period 1951–1970 .
This paper is organized as follows: Section 2 discusses the role of radiation

parameters, in order to distinguish between wet and dry seasons. In Section 3, cloud
radiative forcing terms for both wet and dry season are discussed.

2. Radiation parameters effect

2.1. Surface albedo

Ž .Charney 1975 proposed a biogeophysical mechanism to explain climatic variations
in terms of radiative fluxes. When vegetation decreases, surface albedo increases. This
variation induces more radiative cooling of the air, which induces ascending motion,
convective activity, and consequently precipitation. This process, which can occur for

Ž .large-scale phenomena, is different from the one proposed by Otterman 1974 for a
Ž .small-scale area. Otterman 1974 , who suggested that the denuded surfaces are cooler,

when compared under sunlit conditions. This result in a decreased lifting of air
necessary for cloud formation and precipitation, and thus lead to regional climatic
desertification.

The values of surface albedo in Aug83 are greater than those of Aug88 for each
region as shown in Fig. 3a and b respectively, or in a zonal pattern as in Fig. 4a. These

Ž .results in agreement with many other studies such as Charney et al. 1977 , Chervin
Ž . Ž . Ž .1979 , Sud and Fennessy 1982 , Laval and Picon 1986 , and more recently, Dirmeyer

Ž .and Shukla 1994 . They have analyzed the variation of climate due to an increase of
surface albedo over different areas.

Fig. 5c and d illustrate latitudinal variations of Aug83 and Aug88, respectively, for
middle and high cloud as zonal mean values. These figures indicate that medium and

Žhigh cloud cover is dominant in tropical regions observed by International Satellite
.Cloud Climatology Project ISCCP C2 . In general, total cloud cover was found to be

Ž .smaller in 1983 than 1988. The method of Griffel and Drazin 1981 , Fig. 4c, shows that
planetary albedo values for Aug88 are greater than those for Aug83 in tropical areas.
These results are consistent with other studies suggesting an increase of surface albedo
causes a reduction in cloud cover and precipitation and therefore a decrease in the

Ž .planetary albedo. Recently Dirmeyer and Shukla 1994 explained this relation as the
increase of albedo reduced the absorption of solar radiation by the ground. It also
reduces the transfer of sensible and latent heat to the atmosphere. This, in turn, causes a

Ž .reduction in cloud cover and precipitation and therefore will lead to a decrease in the
planetary albedo.

Ž .We have used a single column model, reported by Krishnamurti 1986 . The model
presents variations in surface albedo upon the net radiation at the base of the atmo-
sphere; estimates of latent and sensible heat fluxes also show this variation. This model
provides a method for the calculation of radiative transfer equations. With the aid of this
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Ž . Ž . Ž . Ž . Ž . Ž .Fig. 3. Regional distribution for a surface albedo August 1983 , b surface albedo August 1988 , c surface longwave radiation August 1983 , surface longwave
Ž .radiation August 1988 .



( )M.A. Wahab, H.M.S. HasaneanrAtmospheric Research 50 1999 105–117 109

Ž . Ž . Ž . Ž .Fig. 4. Zonal variations of August 1983, and 1988 for a surface albedo, b surface longwave radiation, c
Ž .planetary albedo, and d water content.

model, layer and integrated surface fluxes can be estimated. Results from model output
in this simulation are presented in Table 1.

Here RN is net radiation at the base of the atmosphere, LE is latent heat, and H is
sensible heat. The results indicate good performance by the model and illustrate the role
of surface albedo in the system energy balance for a region. Wet-to-dry season transition
has associated changes in surface albedo, therefore, the energy budget in the general

Ž .circulation will vary. These results agree with the result of Charney et al. 1977 . He
concluded that the increase in surface albedo from 0.14 to 0.35 in semiarid regions
induced a decrease of cloud cover. The increase of albedo, and consequently the
reduction of the transfer of sensible and latent heat to the air, led to a cooling which
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Ž . Ž . Ž . Ž .Fig. 5. Zonal variations of August 1983, and 1988 for a total cloud amount, b low cloud, c middle
Ž .cloud, and d high cloud.

either increased low-level horizontal divergence and sinking of air or reduced low-level
horizontal convergence and rising. As it is clear that the dynamical and thermodynami-
cal effects supported one another.

Table 1
Relation between surface albedo a , and surface fluxess

2Ž .a RN LE H Wrms

0.2 140.6 102.3 35.3
0.3 113.7 85.4 27.1



( )M.A. Wahab, H.M.S. HasaneanrAtmospheric Research 50 1999 105–117 111

2.2. Surface longwaÕe radiation

The surface outgoing longwave radiation, OLR , apart from being used as aBOA

component of the radiation balance, has proved to be useful for studies of the large-scale
Ž .circulation over the tropics, e.g., Heddinghaus and Krueger 1981 . This is because in

the tropics it is largely modulated by the cloudiness.
Fig. 3c and d illustrate the regional distribution of OLR estimated by the methodBOA

Ž .of Adem 1967 for Aug83 and Aug88, respectively. From this figure we see that the
Inter Tropical Convergence Zone for Aug88 was at 158N latitude, while in Aug83 the
ITCZ was at 108N latitude. A shown in Fig. 3c and d, the values of OLR for Aug88BOA

are greater than the corresponding ones for Aug83, especially at the ITCZ. The zonal
average of OLR shown in Fig. 4b indicates that the values of OLR for Aug88BOA OBA

are greater than the values of OLR for Aug83 in tropical regions up to 158N latitude,OBA

and approximately equal from 158N to 208N latitudes.
The relationship between OLR and surface albedo is an inverse one, as can be sees

from Fig. 4a and b, i.e., for Aug83 surface albedo is higher than for Aug88. The
corresponding surface longwave radiation OLR is lower for Aug83 than that for Aug88,
Fig. 4b. This explain that, as the surface albedo causes a reduction in cloudiness, there
was an increase in the net loss of longwave radiation from the ground, since the

Ž .downward longwave radiation from a cloud acting as a blackbody at base temperature
is much greater than that from a cloudless atmosphere. As a result, the net absorption of
solar plus longwave radiation at the ground was decreased.

3. Cloud radiative forcing factor

Ž .The effect of clouds on the radiative fluxes at the top of the atmosphere TOA , often
defined as the difference in the TOA flux between regions of cloudy and clear skies, is
called ‘cloud radiative forcing’. It is becoming increasingly evident that clouds play a
major role in governing the surface energy balance, affecting the weather and climate
through the modification of the radiative heating and cooling profiles in the atmosphere
and the modulation of solar insolation at Earth’s surface.

3.1. Cloud radiatiÕe forcing estimates

Ž .Longwave cloud radiative forcing C L is defined as

C L sL yL 1Ž . Ž .c

where L is clear-sky longwave flux and L is absorbed total longwave flux at the top ofc
Ž .the atmosphere. The formula of Blanchet 1990 for the longwave cloud forcing can be

written as

C L se sA T 4 yT 4 2Ž . Ž .Ž .c c s c

where e , A , T and T are cloud emissivity, cloud amount, surface temperature, andc c s c

cloud temperature, respectively. The emissivity factor, e , is taken as unity for sake ofc

simplicity.
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Ž .Similarly, cloud radiative forcing for shortwave flux C K is

C K sK yK , 3Ž . Ž .c

where K and K are clear-sky and cloudy shortwave radiation, respectively. These canc

be written as

KsS 1ya 4Ž . Ž .
and

K sS 1ya . 5Ž . Ž .c s

Ž . Ž . Ž .C K can then be written from Eqs. 4 and 5 as

C K sS aya , 6Ž . Ž . Ž .s

where S is the ‘mean solar insolation’ for the region of interest, a is the planetary
Ž .albedo and, a denotes the observed clear-sky albedo. Net cloud radiative forcing C Ns

is then

C N sC L yC K 7Ž . Ž . Ž . Ž .
We have used the data of Nimbus-7 Earth Radiation Budget ERB compiled with ISCCP

Ž . Ž . Ž .C2 data to calculate the three terms of C L , C K and net C N radiative forcing.

3.2. Cloud radiatiÕe forcing analysis

Long and short wave cloud radiative forcing is used to diagnose the role of clouds in
Ž . Ž .the climate system, e.g., Ramanathan et al. 1989 , and Harrison et al. 1990 . The

regional distribution of shortwave and longwave cloud radiative forcing from satellite
data for Aug83 and Aug88 are presented in Fig. 6. The SW cloud forcing produced

Ž .strong cooling over the Inter Tropical Convergence Zone ITCZ for both months. In
contrast, a maximum of LW cloud forcing is found over the ITCZ and consequence LW
cloud forcing produced strong warming over ITCZ for both seasons. The large magni-
tudes of SW cloud forcing exist over much of the ITCZ and compensate appreciably for
large values of LW cloud forcing. From Fig. 6 we can see that where cloud radiative
forcing is present, based on the maximum LW cloud forcing, the ITCZ for Aug88

Ž .shifted northward up to 158N latitude along 5 E–35 E longitude. On the other hand, in
Aug83 the ITCZ has been shifted only up to 108N latitude. The order of the negative
SW cloud forcing for Aug83 at ITCZ area is smaller than SW cloud forcing for Aug88,
as appears from Fig. 6a and b for Aug83 and Aug88 respectively. Comparing the Fig. 6c
and d, the longwave drop in Aug83 is smaller than in Aug88. Similar results have also

Ž .been obtained by Ramanathan et al. 1989 for severe drying of the mid-continental
Ž .regions in North America and Europe. According to Manabe and Wetherald 1987 , the

decrease could be as much as 25 Wrm2, as in our results over tropical region.
Ž .Ramanathan et al. 1989 explained these observations as an initial tendency for drying

causes a decrease in cloudiness, which leads to an increase of solar heating of the soil.
This amplifies the tendency toward drying. This positive cloud feedback mechanism
implies that the size of the negative SW cloud forcing would decrease significantly
during a drought event.
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Ž . Ž . Ž . Ž . Ž . Ž .Fig. 6. Regional distribution for a shortwave cloud forcing, August 1983 , b Shortwave cloud forcing, August 1988 , c longwave cloud forcing, August 1983 ,
Ž . Ž .and d longwave cloud forcing, August 1988 .
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Ž .From Fig. 7 for zonally cloud radiative forcing , we see that the values of LW cloud
forcing for Aug88 are greater than similar ones for Aug83 in the tropical region. This
suggests that the heating rate due to clouds in 1988 was more than the heating rate in
1983. This is due to frequent occurrences of high cloud during the wet season. But the

Ž .values of SW cloud forcing in the wet season, Aug88 , are less than values of SW
Ž .cloud forcing, in dry season, Aug83 . This is due to the influence of surface albedo in

the dry season. The values of net cloud radiative forcing for Aug88 are greater than the
corresponding ones for Aug83 up to 17.58N latitude. This also can be explained by
season 1988 having more cloud cover than season 1983. It is important to note that
results from Fig. 5 for zonally observed satellite data support this finding. This also

Ž . Ž . Ž .Fig. 7. Zonal variations of August 1983, and 1988 for a shortwave cloud forcing, b longwave cloud
Ž .forcing, c net cloud forcing.
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agrees with previous results. Moreover, we see that the wet season of 1988 has a larger
contribution of cloud-greenhouse than the dry season of 1983. Cloud greenhouse simply
indicate the role of cloud feedback in increasing global temperature.

In Fig. 8a and b taken at the height of 700 hPa for Aug88 and Aug83, respectively,
subtropical high pressure oscillated more eastward in Aug88 than in Aug83. Conse-
quently the Indian monsoon in 1983 is more dominant than in 1988. In other words, the

Ž . Ž . Ž . Ž .Fig. 8. Contour map of 700 hPa for a August 1983 , and b August 1988 .
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Indian monsoon in Aug88 was weaker than in Aug83, and hence reduced the cloud
fraction. The large-scale tropical circulation system is dominated by the monsoon during
the northern summer. The divergent circulations, i.e., local Hadley-type and east–west
Walker circulation, associated with the monsoon are substantially strengthened in this

Ž .season, Chen and Baker 1986 . The seasonal movement of the ITCZ is very similar to
the seasonal monsoon cycle. The north–south movement of the ITCZ is the most
important feature of the tropical climate system since it largely controls the spatial and
seasonal distribution of rainfall.

Thus the fact that features of the distribution of LW cloud forcing for Aug88 were
different from Aug83 in the tropical region may be due to the effect of Indian monsoon
in both seasons.

4. Concluding remarks

This treatment stresses that dryness is related to high surface albedo, and conse-
quently led to low outgoing longwave radiation, low planetary albedo, low cloud
amount. The situation is reversed with wetness. Also, dryness of the tropical region may
be attributed to the southward oscillation of Indian monsoon. Cloud-greenhouse effects
in wet years are more significant than in dry years due to high frequency of high cloud
in the tropical region.
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