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INTRODUCTION

In its simplest form, the general circulation of the atmosphere may be regarded as two
meridional circulation in opposite directions and separated by what is sometimes known as the
"meteorological equator".

The meteorological equator, as a planetary entity, divides the troposphere into two me-
teorological hemisphere Fig.l, ensuring energy equilibrium in them. It corresponds to what are
known as: intertropical convergence zone, intertropical discontinuity, intertropical front, monsoon
front etc.

The meteorological equator moves from the south towards the north and then from the
north towards the south in harmony with the apparent movement of the Sun; Fig.2 shows the ex-
treme positions at the Earth's surface: The mostly southerly position between 15"" January and
15**1 February during the northern winter, and the mostly northerly position between 15"1 July and
\5th August during the southern winter.

(a) The most southerly position is characterized by

- In the northern hemisphere, the position at the earth's surface is maintained over the
Atlantic and Pacific oceans due to the intensity of the anticyclones centred near S t. Helena
and Eastern Island.

- A north-south orientation over Central Africa at the boundary of two transequatorial
flows in opposite direction: South-north over the Atlantic ocean and Central Africa, and
north—south over the Indian ocean and East Africa.

- A large proportion of the northern meteorological hemisphere falling within the southern
geographical hemisphere over the south western part of the Indian ocean 10/15° south -
off the coast of Mozambique.

(b) The most northerly position is marked by

(i) The entire meteorological equator lies within the northern hemisphere.

(ii) A very considerable proportion of the southern meteorological equator lying within the
northern geographical hemisphere, in particular over the Asia-Africa continental area.

The annual meridional variations according to Dhonneur (1980) are least over the oceanic
areas of the Atlantic and Ff îfic and greatest over the Indian ocean.

Figs.3a,b,c and d give for the northern winter and for the southern winter, the mean values
at the equator of

(i) The meridional component of wind in the lower and upper troposphere (3 a, b).

(ii) The zonal component of wind in the lower and upper troposphere ( 3 c, d).
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These diagrams show up

(i) The meridional circulations of Hadley cells of the northern winter and southern winter.

(ii) The importance of the southern winter.

(iii) The connection between "lower-layer" and "upper-air" branches.

(iv) The "Walker-type" zonal circulations.

THE GEOGRAPHICAL ASPECTS AND CONSEQUENCES

A. Maritime regions on both sides of the equator

These are maritime regions, not influenced by the continental regions on both sides of

the equator, over the western tropical Atlantic ocean, from 20°w to the coast of America, and over

the tropical Pacific ocean from Ww to 160oE. The intertropical depression is a zone of confluence

between the trade winds due to the subtropical anticyclonic cells in the two hemispheres.

The amplitude of the meridional variations of the meteorological equator is small, and

these variations are linked to variations in the position and intensity of the subtropical anticyclones.

In these regions the meteorological equator is usually in the northern hemisphere, the subtropical

anticyclones in the southern hemisphere being more intense and more stable (anticyclone centred

near St. Helena and anticyclone centred near eastern Island). The vertical structure of the mete-

orological equator is characterized by a gentle slope and the homogeneous structure of the wind

field. In January, over the Atlantic ocean the meteorological equator is situated in the regions lying

between the equator and 5°" while in July it is between 5° and 10°". An important fact is that it

does not change hemisphere. This is confirmed by an analysis of satellite data. Fig.4 consists of a

diagram showing the main characteristics of the surface flow.

B. Continental regions on both sides of the equator

Continental regions on both sides of the equator give rise to topographies which are usu-

ally zones of transition or interaction between different regimes. The continentality, the relief and

the vegetation are of the greatest importance, and they alone can explain certain meteorological

characteristics.

In Amazonia, a regime of transequatorial flux with small amplitude, varying with season

is found. There are large vertical transfers of latent heat, making these regions comparable with

oceanic areas. Fig.5 consists of a diagram showing the winter and the summer situations over

Amazonia. The meteorological equator has meridional variations of intermediate amplitude and a

vertical structure with a gentle slope.

Over Central Africa during the northern winter, the meteorological equator has a merid-

ional branch which provides a link between the monsoon regimes of Southeast Asia, and West and

Central Africa. The vertical structure is very complex and can be represented diagrammatically by

a spiral.

C. Contrast of oceanic areas and continental masses

The fact that there are oceanic areas on one side of the equator and continental regions on

the other side produces large meridional variations in the radiation balance, and therefore a transe-

quatorial meridional pressure gradient between the winter hemisphere and the summer hemisphere.

When the continental regions arc having their summer regime, the intertropical depression is dis-

tinctly displaced with respect to the geographical equator and is no longer a trough between two

subtropical cyclones, but a true centre of action, the characteristics of which are linked to regional

geographical factors. The flow associated with this isobaric topography is shown diagrammatically

in Fig.6 for the case of the southern winter. The trajectory is characterized by three stages:

(a) A trajectory associated with southern hemisphere subtropical high pressure areas- Sector

ESE-SE;

(b) a trajectory associated with the transequatorial pressure gradient -Sector S;

(c) a trajectory associated with the intertropical depression situated in the northern hemi-

sphere - Sector SW-WSW.

This trajectory, which is that of a deflected transequatorial trade wind, corresponds to

what we define as a monsoon regime.

Fig.7 shows the case of the northern winter, the northeast trade wind is then deflected to

the north west.

In this case the vertical structure is much more complex; the slope may be steep and the

vertical structure of the wind field marked by considerable shears of speed and direction.

Particular structure in West and Central Africa

General

Figs.8(a,b) show the mean positions, at the surface and in the upper-air, of the meteo-

rological equator in January and July over West and Central Africa. The air masses present at the

surface are:

(i) The Harmattan flow originating from the north, very hot and very dry and characterized

by a very large diurnal variation.

(ii) The Atlantic maritime trade winds, originating from the north which affect the west coast

of West Africa; this flow is stable and relatively cool and moist.

(iii) The monsoon flow originating from the south, hot and moist and characterized by strong

instability in the deflected portion. A meridional vertical cross-section of the African tro-



posphere on the standard meridian in August enables 5 climatic rones to be distinguished

(Fig.9). The characteristics of these climatic zones are set out in Table 1. The African

Easterly Jet (AEJ) of the middle troposphere has to be incorporated in the mean structure

of the meteorological equator, the meridional variations in position being linked to the

apparent movement of the Sun and the variations in mean intensity being linked to the

contrasts between the regions in which the thermal equator is situated and the oceanic

regions of the south Atlantic.

Figs. 10(a,b) give the values of the zonal component of wind for the station at Lagos in

the coastal zone and for the station at Niamey in the Sahel; occasions when the African Easterly

Jet (AEJ) passes over the area show up very clearly.

Fig.l 1 shows the variations at the surface, in the standard meridian of

- the equatorial depression

- the thermal equator

- the 15 mb isopbeth of vapour pressure

- the 100 mm isohyet.

A comparison of the periods corresponding to south-north and north-south movements

shows differences:

- The relative positions of the equatorial depression and of the 15 mb isopbeth of vapour

pressure. When the monsoon is replaced by the Harmattan there is no decrease in vapour

pressure.

- The relative positions of the equatorial depression and the 100 mm isohyet. During

south-north movements the 100 mm isohyet is closer to the equatorial depression.

The origin of the differences which are found is the changes in the state of the ground

and the vegetation cover associated with the rainy season. At the beginning of the rainy season,

the Sahel is a semi-desert region with dried up soil having no potential for a water supply from the

soil. In contrast, at the end of the rainy season the Sahel is transformed into an immense marigot

with abundant vegetation. Large transfers of water vapour are then possible - these persist after

the meteorological equator at the surface has passed.

Fig. 12 shows the mean structure of the zonal component of wind in the Sahelian area in

July. Three features can be identified:

(i) The monsoonal flow in the lower layers, the speed and depth of which result in the ad-

vection of water vapour.

(ii) The tube of strong winds of the middle layers - the African Easterly Jet (AEJ) which may

be regarded as placing a constraint on convection, on the one hand, and as the entity in which
synoptic disturbances of the wind field develop, on the other.

(iii) The tube of strong winds of the upper layers (TEJ) which provides a link between the

Indian and African monsoons.

In Central Afric.i in January and February, the particular structure gives to the meteoro-

logical equator an active frontal structure when there are east-west movements, and an inactive

structure when there are west-east movements.

On the west coasts of Sahelian Africa, the meteorological equator is a zone linking the

classical oceanic structure and the structure given for the standard meridian.

PRECIPITATION IN WEST AFRICA

Fig. 13 shows the mean annual isohyets for West and Central Africa; the zonal distribution

corresponds to a mean meridional gradient which may be estimated at 1 mm per year.

These amounts of rain fall during a variable period depending on the latitude - 5 months

in the south, 1 month in the north. Fig. 14 shows the mean annual number of days on which the

amount of precipitation is equal to, or greater than, 1 mm.

The amount of precipitation in West Africa, and in the Sahel in particular, according to

Thompson (1972), varies enormously from year to year. The coefficient of variation (ratio of the

standard variation to the normal) has values lying between 25% in the northern part of the Sahel and

20% in the southern part (this ratio brings out the large inter-annual variability of precipitation).

In certain exceptional cases, such as that of the year 1973, the departures from the normal,

expressed as standard deviations, were 3 to 5 on the bond of the Niger and the east of the Niger.

The precipitation may be classified in three categories

(a) Isolated convective precipitation.

(b) Line squalls and moving cloud masses which account for 80% of the precipitation be-

tween 10 and 15"".

(c) Monsoonal type of rainfall, the amounts of which only preponderate to the south of 10°".

The importance of the monsoonal flow in the genesis of disturbances in Africa has led

many meteorologists to study possible correlations between the positions and intensities of the

subtropical anticyclones and the amount of precipitation over the continent. Among others, Lam-

bergeon (1977) considered that anomalies in the positions and intensities of the subtropical anticy-

clones were not always linked to regional rainfall anomalies. His main conclusions were that on

the scale of one month:
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(i) Above-average pressures at Abidjan correspond on the whole to above-average rainfall

in the Sahel.

(ii) Below-average pres sures at Nouadhibou correspond on the whole to below-average rain-

fall in the Sahel.

(iii) Pressures which are both higher at Abidjan and lower at Nouadhibou correspond to

above-average rainfall in the Sahel.

If it is assumed that the surface pressures at Abidjan and Nouadhibou enable the activity

of the anticyclonic cells near St. Helena and the Azores to be evaluated, it would appear that the

Azores anticyclone exerts a restraining influence on rainfall in the Sahel, while the anticyclone

near St. Helena exerts an enhancing influence. The enhancing influence seems to be linked to a

non-negligible response time, whereas the effect of the restraining influence is immediate; hence

the priority given to changes observed in the northern hemisphere for short-term forecasts, while

for a longer—term outlook, changes taking place in regions to the south are kept constantly under

review.

It would appear lhat the general circulation and, in particular, the features which deter-

mine the transequatorial circulation associated with the anticyclone near St. Helena, do not play

such an important part as some people seem to think, in the distribution of rainfall in West Africa.

The main reason for a dry year is that less than average use has been made of the potential amount

of water available in the lower troposphere. Thus, it is those features which determine deep con-

vection which should best show up the contrasts between dry and wet years. We are concerned in

particular with

Ca) the vertical structure of the wind field

(b) divergence in the upper troposphere.

The studies which have been undertaken by WMO (1977-81) lead us to think that the

features linked with a dry year are:

(a) late arrival of the AEJ moving in the direction south-north in its passage over the Sahelian

zone;

(b) a positive anomaly of speed of the AEJ;

(c) a weak TEJ

while the features linked with a season with plentiful rainfall are:

(a) early arrival of the AEJ moving in the direction south-north in its passage over the Sa-

helian zone;

(b) a negative anomaly of speed of the AEJ;
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(c) a strong TEJ.

As regards the moving disturbances which affect the Sahelian zone, there are two differ-

ent approaches. Some meteorologists think that the easterly waves in the middle troposphere are

the most important feature, while others like Dhonneur (1986); Tourre (1970) and Finaud (1980)

consider that the line-squall type of moving cloud masses are most important.
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Zone

A

No precipitation

B

Precipitation possible

C1

Heavy precipitation,
convective in origin

C2

Heavy precipitation but
not convective in origin

D

Little or no precipitation

Meteorological Characteristics

- very dry and very hot air (Harmattan)
large diurnal variation of temperature

- easterly winds
- clear sky or small amount of cloud
- the only important phenomena are

lithometeors; blowing sand and haze

- hot and moist air (monsoon)
- south westerly winds
- instability developing during the

day with isolated thunderstorms
breaking out late in the day

- hot and moist air (monsoon)
— south westerly winds
- strong instability developing

during the day and development
of line squalls (in the Sahel
80% of the precipitation is
associated with this type of
disturbance

- hot and moist air (monsoon)
- south westerly winds
- cloudy skies due to medium

cloud cover, only slight instability
- abundant rainfall (monsoon rains)

- cool and moist air
- southerly winds
- cloudy skies due to low cloud
- the most important phenomena

are fog and low cloud
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