Monsoon rains over West Africa
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ABSTRACT

Potential mechanisms producing high or low seasonal rainfall in tropical West Africa
are investigated for the period 196374 using monthly data of precipitation, surface
pressure in the South Atlantic and rawinsondes, mainly in Africa. Contrary to wide-
spread opinion, the South Atlantic pressures yielded no correlation; the best connection
was between rainfall and upper-level African observations.

Introduction

Variations in the yield of the seasonal mon-
soon rains have led to a drought period in the
Sahel Zone of North Africa in the early 1970’s
(Fig. 1) which severity has not been experienced
within at least 20 years or more (Strantz, 1975).
The severity is enhanced by a large increase in
population since earlier oceurrences before
1950. Unfortunately, the causes of the large
variations in yield of rain are not yet well
understood. In previous studies quantities
such as the departure of the Intertropical
Convergence Zone (ITCZ) position have been
investigated, as has the inclination of the zone
with height, steering through the adjoining
subtropical high pressure centers and relations
with the general atmospheric circulation
(Namias, 1974; Strantz, 1975).

Monsoon rains and surface pressure
distribution

In this study the thought, variously uttered,
has been at first explored, that the monsocon
rains in western tropical Africa are related to
the strength of the monsoon flow, and that the
strength of the monscon flow is correlated
with the intensity of the subtropical high of
the South Atlantic, or with the surface pressure
gradient between about 258 and the equator
or with about the south coast of West Africa
in 5 N. If valid, an increased pressure gradient
would coincide with increased transport of
water vapor from the South Atlantic into
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West Africa, hence a yield of more water—
and the inverse.

It is to be noted that the heavy rains occur
during very short periods related to squall
lines, waves and vortices traveling westward
over the continent (Asecna, 1975; Riehl, 1954).
Nevertheless, charts of monthly pressure and
rain might show a relationship. This contention
is based on studies of Solot on Hawaii (Riehl,
1954). The rains there do show a correlation
to certain pressure anomalies of the Northern
Hemisphere, yet the bulk of the water is
derived from a few intense passing disturbances
as is true almost everywhere in the tropies.
The suggestion is that long-period pressure
anomalies influence the frequency of occurrence
of such disturbances above or below average
in any year or month.

Riehl suggested that such relations might
typically hold in various tropical regions, as
experienced for example in Venezuela. An
attempt was made to gather observations for
testing the relation over western Africa during
the main rainy season of July—September.
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Fig. 1. Precipitation of the Sahel-zone in quintile
values for each summer 1963-74.



Fig. 2. Precipitation in quintile values for each
ares in August 1970, a sample.

Observations

The problems in obtaining relevant observa-
tions proved to be formidable, as might be
expected, and various approaches were tried
out. In the end, precipitation was accepted as
represented by monthly quintile! charts pub-
lished since 1963 in the Berliner Wetterkarte.
The area of analysis (Fig. 2) was divided into
12 parts. For each month of the main monsoon
season and for each whole season a quintile
value was determined from the data and the
published analysis. This procedure appears to
be superior to the representation of Sahel
precipitation by the records of 2 or 3 stations
(Namias, 1974; Strantz, 1975). Even the mean
of 3 stations often deviated considerably from
the quintile number which was determined
usually from about 100 quintile values of the
area of analysis. Because of the great variability
of convective rain even over short distances
the best representation of Sahel precipitation
would be area averages (Riehl, 1954).

Monthly surface pressure maps were taken
from the Hamburg series Die Witterung in
Ubersee (Deutscher Wetterdienst). Earlier pub-
lished maps from South Africa could, unfor-
tunately, not be used because these maps
were only analysed south of 108. However,
the Australian Weather Service in Melbourne
kindly placed computer-produced charts for
1972-74 at our disposal. They compared favor-
ably with the Hamburg charts in the area in
question. The problem of very sparse observa-
tions in some portions is of course therefore
not eliminated.

1 Quintile is a statistical measure: Quintile 1 cor-
responds to the six driest, Quintile 5 to the six
most humid years, 0 means less, 6 means more
monthly total precipitation than ever observed
during 1931-1960.
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Correlation results

At first the average of the quintiles in the
12 areas of Fig. 2 was determined for each
month and season. The total pressure difference
was determined by averaging the pressure
differences between 25 Sand 5 N at 20 W, 10 W,
0 and 10 E. Although both parameters varied
by factors of two in the 12 years 1963-74
considered, no relation was found for the 12
Julys, Augusts and Septembers (Fig. 3) or
for the whole seasons. Other relations were
tried without success, for instance the quintiles
of each of the three latitude zones with total
pressure difference as defined above, also
pressure differences between 10S and 5N or
25 S and 10 8.

No relation was expected between rainfall
and pressure gradient north of the ITCZ at
the surface. Nevertheless, the test was made
and the expectation was verified. It must be
said, however, that surface pressure gradients
were very weak and therefore subject to much
uncertainty. Position and intensity of the
ITCZ remained nearly uniform over the 12
summers of study in each month.

An investigation for a possible relation
between precipitation and the 700 mb geopo-
tential gradient, showing for the Northern
Hemisphere the inclination of the ITCZ axis,
unfortunately could only be made for the
Northern Hemisphere. A weak relation between
the position of the 700-mb high and precipita-
tion could be seen. The drier years coincide
with a more southern position of the 700-mb
high than the wet years (Fig. 4) excepting
1971.

Besides in the Northern Hemisphere a
strengthening of the surface anticyclone with a
southward bulge is evident during the dry
period of the early 1970’s (Asecna, 1975; Berliner
Wetterkarte; Strantz, 1975); in contrast the
central pressure of the South Atlantic anti-
cyclone remained virtually constant.

Monsoon rain anomalies and upper
temperatures

As already stated, a weak correlation was
found between the 700-mb position of the

Northern Hemisphere high and the precipita-
tion in the region of western Africa itself.
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Fig. 3. Comparison between the precipitation of West Africa and the South Atlantic surface pressure
gradient between 25 Sand 5 N at 20 W, 10 W, O and 10 E for July (@), August { O), September { x ), 1963-74.

The only additional effort that could be made
here, was further analysis of the atmospheric
structure over western Africa and extension
to the upper troposphere. Only the 700- and
200-mb charts have been published with a
definitive analysis in the 12 years studied;
other levels appeared irregularly or were largely
devoid of data.

Only temperature will be discussed. The
geopotential does not offer genuine additional
information because it is computed with use
of the temperature; moisture at 700 mb was
entered in the charts too irregularly; and the
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Fig. 4. Comparison between the precipitation of the
Sahel-zone and the 700 mb-height gradient be-
tween 30 and 20 N at 20 W, 10 W, 0, 10 Eand 20 E
for each summer, 1965-73.
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shear winds at different stations did not show
a correlation with precipitation. It must be
noted, however, that the aerological material
published was insufficient for a definite descrip-
tion of the wind structure of the current, which
Strantz also noted with regret—apart from
climatological aerological material (Griffiths,
1972; Jackson, 1961; Thompson, 1965). Such
features as a possible “easterly jet stream’ and
the potential role of two east wind maxima
along the vertical could not be treated.

Over western Africa the number of stations
with monthly temperature values at 700- and
200-mb entered on the monthly charts averages
less than ten. These stations were dispersed
from 5 N to 25 N. The variation of temperature
and geopotential, as given by these stations,
is predominantly meridional. However, the
reporting stations vary enough from year to
year so that construction of a mean meridional
profile with deviations in individual years
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Fig. 5. Comparison between the summer average
temperatures at 700 mb for Niamey and the summer
quintile values of the Sahel-zone, 1964-73.
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appeared to be a dangerous procedure. In
preference, temperature values of four usually
available stations were used individually: In
Salah, Niamcy, Abidschan and Dakar. Com-
parison was made with precipitation (a) at the
station, (b) at quintile value of the corresponding
zone (cf. Fig. 2), and (c) with the quintile
values of the whole area. This was done for
each month of the monsoon season and for the
whole seasons (see Fig. 5 for the latter). The
comparisons showed the following: (@) tempera-
tures at 700- and 200-mb are correlated, (b)
correlation is best between the temperature
anomalies of the stations and the mean quintile
of the zone in which they are situated, (¢)
monthly and 3-monthly quintiles of the zones
in a summer have predominantly the same
relation to the temperature of a month and
to the temperature of the whole summer.
Variations of precipitation are greater from
one summer to the next than from one month
to the next in the same season. The same holds
for the upper temperatures, (d) the precipitation
at each of the four individual stations analysed
has no relation with the upper temperature
at this station alone. This underlines the
importance of dealing with a network of pre-
cipitation stations rather than with rain at
any individual station.

Summary

The attempt to relate monthly gradients
of sealevel pressure north of the South Atlantic
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subtropical high with variations of monsoon
rains over western Africa was not successful.

On the other hand, the 700-mb height
gradient between 20 N and 30 N at 20 W, 10 W,
0, 1I0E and 20 E showed a more southerly
position of the subtropical high over Africa
during the dry than during the wet years
suggesting control of the monsson rains by
the general circulation of the Northern Hemis-
phere.

Considering tropospheric temperature, it
could be shown for the Sahel-zone that in the
three years with highest precipitation the tem-
perature was colder than in the remaining
years and that the driest summers had the
warmest temperature-—in agreement with what
had already been stated about the displacements
of the 700-mb subtropical high pressure belt.
Thus, the very large scale and time averaged
general circulation appears to be the most
prominent factor in facilitating local conver-
gence and divergence on short time and dis-
tance scales. This is in accord with the findings
of Solot mentioned earlier and those of Riehl
for Venezuela (1973).
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MYCCOHHEIE JOMAN HAJl 3AIIAJTHON AOPUKON

C MCroNB30BAHUEM CpeqHeMeCAYHHX AAHHHX 00
OCafKax U AaBJIeHMH Ha moBepxHocTH B IOskHoi
ATiaHTHKe M IAHHEIX PagMO30HANPOBAHHUA, B
OCHOBHOM B A¢puke 3a nepmopn 1963-1974 rr.
HCCIeNYIOTCA NOTeHIMATbHEe MEXAHHU3MbI, BHI-
3HBAIOL[ME BHICOKHE UM HU3KHE YDOBHU BHI-
majeHnus JOMAA B TpommMyeckoit 3amagHoit
Adpuxe
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B mpoTHBOBeC C MHPOKOPACHPOCTPAHEHHHM
MHeHMeM, faBjeHue B IOkHON ATiaHTHKe He
ZANT KOppedfAlNUM ¢ YpoBHeM ocaakoB. Ham-
JIy4IIas CBA3h MMEeTCA MeAy BHIaJAeHHeM
OOMIA M JAaHHBIMM HAOGNIOgeHMH Ha BHCOKHMX
ypoBHAX Hapx Adpukoit.



