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Some aspects of the West African monsoon circulation
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ABSTRACT. This paper focusses on some aspects of the West African monsoonal circulation observed
during the period : 15 July-10 August 1979 of the FGGE, as derived from the satellite cloud windvectors.
Temporal averages of the computed windfields reveal that the flow at the low level is southerly (monsoonal),
and 1ts line of discontinuity with the continental northeasterly was found at approximately 16°-18°N, lying about
300 km south of the accept-d mean position. At both the middie and upper troposphere. the flow is easterly with
an axis aboul 12°-14 N and fatitude 8° N respectively, such that it is a cyclonic circulation south of the axis and
northwards, it is anticyclonic. The satellite-observed tropospheric circulation is then discussed in relation to the
weather manifestations over the sub-region typical of the July/ August period.

The mass fields obtained from our gridded satellite-winds indicate that inflow into the land area occur mainly
at the lowest layer (1000-850 hPa), whereas at the upper levels (that is, above 850 hPa) it is predominantly an
outflow. The tropospheric average gives a net mass for  divergence from within the area. The significance of this
result in relation to the observed weather phenomenology of a temporary cessation of the monsoon precipitations
occurring about the psak of the season 1s also discussed,
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1. Introduction

It is well known that the mean near surface flow
over the West African arca exhibits a seasonal reversal
such that during the northern summe, it is predominantly
southwesterly. This current originates from the south
Atlantic due to the pressure gradient that exists between

identified as the Inter-Tropical Discontinuity (ITD) line
over West Africa(Hamilton and Archbold 1945, Adejokun
1966). At the peak of the monsoons in July/August,
the most northward extent of the southwesterly flow as
marked by the position of the ITD line is reached which
is approximately 22°-25° N. Associated with the
northward (latitudinal) migration of the ITD over the

the south hemispheric high and the low pressure situated
over North Africa. The air close to the surface is

heavily moisture laden and from the condensation of

water vapour through latent heat release, it is the primary
source for most of the precipitation that is received during
the monsoon period. The southwesterly flow forms a
wedge underneath the rclatively drier continental
northeasterlies (blowing over the Sahara desert) wi'h the
transition between the two air-masses at the surface
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area (the surface position at the beginning of the season
in April is 6°-8°N), are the identified zones of different
convective patterns that partitions the entire area into
latitudinal ~ bands of distinct weather characteristics
(Hamilton and Archbold 1945, Walker 1960). Contrary
to the well recognised flow features at or near surface
over West Africa, the circulation at the upper levels of
the troposphere is not as well studied particularly i
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Figs. 1(z-¢). (a) Low level (1000-850 hPa), (b) middie level
(852-370 hPa), and (c) upper level (300-150 hPa)
flow field over the West African arca during the
priod 15 July-10 August 1979 at 000" UTC and
1260 UTC

%‘é’:ﬁ ;Olil;le‘;‘_zllg?'to the obscrvec] surface weather (speci- It is the purpose of this paper to detail out some of
This has been :[)n .tl;) the precipitation characteristics). I!u: prominent featurcs of the regional monsoon circula-
upper-air data tributed mainly to the paucity of the tion for the entire troposphere that was derived from the
regard that theex'st'."_g Within the region. It is in this METEOSAT cloud winds observed during the peak of
s o availability of the satellite cloud winds the monsoon period in July/August of 1979. This is
advantage in obI:St? of in this study proves to be of an explained in relation to_the surface weather phenomena
the re .8 i aining a three dimensional structure of typical of the period within the West African area. The

glonal circulation, study is based only on the satellite-derived winds data
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collated for the Special Observation Period (SOP),
15th July-10th August, which falls within conduct of the
West African Monsoon Experiment (WAMEX) of 1979
and served as part of the monsoon sub-programme of the
FGGE (WMO 1988). The satellite winds selected en-
compass an area defined by latitude 10°S and 24° N,
and by longitude 25°W and 25°E which in essence covers
the entire continental West Africa. The year 1979
that has been chosen in this study is reported to be a
typical monsoon year in West African considering the
patterns of occurience of the onset and cessation of the
monsoon rains during the year (Adefolalu er al. 1985,
WMO 1990).

Estimates for the mass distribution along the lateral
boundary of the domain have also been obtained from
the same data set and which is discussed for the entire
tropospheric depth.

2. Data

As part of the monsoon sub-programme of the Global
Atmospheric  Research Programme (GARP), the
WAMEX was initiated to produce for analyses, an
extensive database specifically for the West African area
comprising of both conventional meteorological instru-
mentation and satellite-derived data for the reauired
variables (WMO 1978, 1988). It is in support of this
experiment that the satellite derived gridded winds (from
the METEOSAT) used in this study have been produced.
These satellite wind vectors have been obtained by the
tracking of cloud and water vapour elements from
successive images produced every 30 min in three spectral
bands : one band in the visible spectrum and two in the
infrared spectrum to generate the windfields at three
main levels : low (1000-850 hPa), middle (850-300 hPa)
and upper (300-150 hPa). The digitizing and quality
control for the satellite winds have been processed using
the Man-computer Interactive Data Access System
(McIDAS) based at the Space Science and Engineering
Centre (SSEC) of the University of Wisconsin, Madison,
USA. Details about the technicalities involved in the
extraction and processing of the WAMEX windsets are
contained in a special report published by the SSEC
and is available on request [Balogun 1982(a)l. The
satellite-derived wind data analysed for this study was
made accessible to the author by Professor E.E. Balogun
(personal communications). These are windsets retrieved
from the (0000 UTC and 1200 UTC) data stored on a
2°%2%grid format covering an area which is essentially
the whole of the West African sub-region on a magnetic
tape for the period : 15th July-10th August and at the
three afore-mentioned levels above.

3. Circulation patterns obsereved during the period : 15th July-10th
August

The main circulation features observed within the
troposphere over West Africa during the period are
presented in the Figs. 1(a-c). These represent the layer
averaged flow conditions for the low, middle and upper
levels respectively. The windvector plots analysed have
been computed from the zonal and meriodional wind
components digitized at every 2° x 2° grid.

From Fig. 1(a), it is observed thatat the lowest levels,
there was a southerly flow coming into the area from the
over south Atlantic and penetrates into inland areas

reaching as far as 16°-18°N where it meets the continental
northeasterly winds. It should be mentioned here that it is
the monsoon current which brings over the area moisture
from its transportover the Atlantic into the continent.
This is responsible for almost 80°/ of the annual rainfall
totals received (Balogun 1981, Omotosho 1984, 1985).
In Fig. 1(a), our identified latitudinal position of inter-
section for the two currents falls well behind the generally
accepted position of the northward tip of the monsoon
flow at the peak period about July/August. The position
that is often quoted for the monsoon peak period in the
literature is approximately 22°-25°N (Hamilton and
Archbold 1945, Walker 1960 Adejokun 1966). From
separate data collated during the WAMEX (WMO 1990)
the spatial mean for the surface position of the 1TD line
was established to range from 17.9° Nin July to 19.6° N
in August of 1979. The disparity in our results may be
attributed to the fact that in our case the satellite wind
data represents an average for a layer (1000-850 hPa)
and the confluence of the two currents which is located at
about 16°-18° N as shown in Fig. 1(a), might not actually
be a true position of the wedge at the surface (that is,
the ITD line) but rather at a relatively higher level (which
is behind) since the wedge slants heavily in a north-
south direction. However, it is clear that the position of
the ITD line for the Julv/August period in 1979 lags well
behind the mean. Ina related study of the climatology
of theannual precipitation trends over the West African
area, Lamb (1977, 1978) has associated the years with
pronounced drought in the Sudan sahelian areas as
those having poor northward penetration of the south-
westerlies during the course of the monsoon season (that
is, the flow not reaching as far as 20°N). Therefore, it is
stressed here that this feature of the ITD line not quite
advancing up to its long-time mean latitudinal position
for the period July/August is a reflection of a weakness
in the intensity of the monsoon season during the parti-
cular year over the entire area. In another study reported
by the WMO (1990), the monsoon year of 1979 was
partby likened to those of the other years (e. g.,
1972) with drought manifesting in the sahelian area of the
sub-region as a consequence of the shallow penetration,
by the monsoonal flow during the season.

In Fig. 1(b), the flow at the middle levels (850-300 hPa)
is easterly having an axis positioned along 12°-14°N
where a separation of the flow is noticed to occur such
that south of the latitude, the flow is cyclonic, whereas
it is cbserved as anticyclonic north of the latitude. The
synoptic observation that there littal i1s or no convective
activity in the areas beyond 20° N [which is north of the
axisin Fig. 1(b)] is supported here because of the mid-
level anticyclone that is found to exist in those parts,
unlike in the areas south of the axis where convective
activity is manifest which is indicated by the cyclonic
circulation noticed in these parts. The middle level flow
characteristics mapped out in Fig. 1(b) is supportive of the
previous classical studies in which the land areas over
West Afiica has been partitioned into different weather
zones or latitudinal bands from the coastal line up to
about 20°N (Hamilton and Archbold 1945, Schove 1947).
According to a study by Shinoda (1986) which is based
on an analysis of the 1979 FGGE data over West Africa,
he showed that the precipitating areas (over 10 mm rain-
fall) to be located south of the ITD line which he has
defined as the steep gradient zone of specific humidity as
922 hPa which crosses 15°-20°N. Also the author has




0. O, JEGEDE

[ = ai |
1 ? ek A
, 2 ]
522 ol B R
G e < e £
- = 1 ’ ‘-;;' N
L% x
’6/ L/'____..
Uppaer - = E
-
(300-150)
hPa
(300-150)p
| Qy hPa
| ¢ -
406 —
h - A e e 350,/
"S'B% -
Middle -
(850-300) .
(850-300)*- ©
361
—
e
Low ~ 7 \%Y /
-
11000 -850) L (1000-850) L | i
=10 4] 10 2-0
Ch (i s )
Fig. 2. Layer by layer nzrmai wind componznis. Cn arcund the Iaters! baundary Fig. 3. Vertical prcfile of the
of the dem-in :

identified that the zone of maximum rainfall over the area
is located between the latitudinal band 10°-15°N for the
same period. It should be remarked that the axis of the
easterly current in Fig. I(b), found as approximately
12°-14°N is in a close agreement to the acknowledged
posiiion of the middle-level African Easterly Jet (AEJ)
which is at about 700 hPa over West AfTica.

The flow patterns at the upper levels (300-150 hPa)
shown in Fig. 1(c). are very similar to the middle level
flow. But the position of the axis of the easterly flow has
shifted southwards to about 8N. This latitudinal
position for the axisof the easterly flow in the figure fo-

the upper levels is noted to be coincident to that of

Tropical Easterly Jet (TEJ) at 200 hPa located over
West  Africa for the period of observation. When
compared with the middle level circulation. the curvature
of the upper level flow is not as prominent which suggests
that the influence of the jet steam on the flow at the upper
level is more intense during the period.

The appearance of the two jet streams (AEJ and TEJ)
during the monsoons is seen on the surface weather by
the presence of a zone of bad weather formation in
between the relative latitudinal positions of the jets
(WMO 1990). This band which is about 200 km wide

S, 22 F.ZANnd 25 W (unit : m")

leyer aver: ged normal
wind Cn compenents
over West Africa for the
same pariod

corresponds 1o a region of maximum rainfall. and it
moves northward with the jets such that its poleward
displacement is observed to be about half that of the jets.
As the distance between jets widens the bard kecomes
narrower. The position of this band of bad weatker is in
agreement with the identified weather zone C fer West
Africa (Hamilton and Archbold 1945) whicl: is typified
by intense convective activity. It should be noted here
that the formations of both the AEJ and the TE) stipulate
different conditions (strength of the jet and its position)
for an active precipitation to be sustained during the
Moensoons.

4. Mass distribution around the luteral houndary

The mass fields within the West African area obtaired
for the period is as represented in Fig. 2 showing the
layer by laver averages for the low (1000-850 hPa),
middle (850-300 hPa) and upper (3C0-150 hPa) levels.
These averages have been determined from the normal
wind components taken at 2° grid locations around the
lateral boundary of the domain prescribed by 10°S,
25°E. 24"N and 25°W. At the low levels, the mass
inflow into the area occurs both at the southern and
northern boundaries, reflecting the influences of the
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monsoonal current (southwesterlies) and the continental
northeasterlies. Also at the low levels, there is outflow
from both the eastern and western flanks. Above, at
both the middle and upper levels, the patterns are quite
similar with an inflow into the area occurring only at
the eastern boundary which in some sense justifies the
expectation of the influence of the easterly and the two
main jet streams moving over the sub-region. At these
levels, outflow is noted to occur from the western,
southern and northern boundaries.

The mass fields at each layer are shown by the profile
in Fig. 3. This summary indicates that the mass inflow
into the area takes place at the lowest levels while out-
flow occurs at both the middle and upper troposphere.
The inflow at the lowest levels by the southwesterlies is
responsible suggesting that for the moisture flux into the
area. This feature of the low-level flow field, suggesting
that it is predominantly an inflow of moisture at the
lower levels from the transport over the Atlantic is
discussed by Balogun [1982(b)l. The water vapour
flux budget obtained over the West African area during
the 1979 monsoon season bv Cadet and Nnoli (1987)
also brings out the same conclusion for the low level
flow. This influx at the lowest levels is overcompensa-
ted for by the flow at the upper level which accounts for
a larger outflow (of moisture) from within the area at
thess levels. This feature is probably a consequence of
the two easterly jets—AEJ and TEJ, acting as a major
artery for the moisture. The tropospheric average indi-
cates mass divergence from the area during the period.
The picture of mass divergence that we have obtained is
probably a reason why there is the usual occurrence of a
break in precipitations in areas lying below Jatitude |5°N
during the monsoon peak period (from mid-July to
mid-August) despite the thickness of the monsoon layer.
Such a circulation pattern is probably responsible for
the noticeable period of a temporary cessation of the
monsoon rains which is well described as the “Little
Dry Season™ or the LDS in West Africa (Hamilton and
Archbold 1945, Omotosho 1988, Jegede and Balogun
1991).

5. Conclusions

From the gridded satellite windsets used in this study.
we have been able to obtain quantitatively, a three
dimensional picture of the flow characteristics in West
Africa typifying the monsoon peak period (July/August).
At the low levels, the southwesterly (monsoon) winds
plotted did not penetrate beyond I8N (which falls
behind the long-time mean position, 20°N for the mon-
soon peak). Consequently, we have been able to assert
that the monsoonal activity in 1979 was weak. The
axes of the easterly currents, was about 12°-14°N at
the middle layer (850-300 hPa) and at the upper layer
(300-150 hPa) it was 8°N, which are coincident with
positions of the AEJ and the TEJ respectively, over the
area. The mass flux estimations around the lateral
boundary of the domain indicate that mass (and mois-
tyre) inflow into the area occur at the lowest levels, which
is overcompensated by the outflow at the upper levels.
From the tropospheric volume, the net mass divergence
within the area was associated with the feature of a
temporary break in monsoon rains during the period.
This phenomenon is described in the literature as the
*“Little Dry Season™ or the LDS ,
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