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Monsoon Heteorolgg = Africa
Approach

There are three lectures on Monsoon Meteorology -
Africa. Lecture 1 is on the Climatology of Monsoon in
Africa and it deals eSsentially on a general discussion
cn the prevalence of the Monsoon in Africa. Subsequent
lectures (i.e. Lecture 2 and Lecture 3) will deal with
the structure and forecasting models in current use in
Africa (West end Esst Africa respectively) for the
cnget and cessation of the monsoon.



Lecture 1 Ciinatolggx of Monscon over Africa

1.1 Introduction

The Monscon, a term which is used to describe a
wind system in the tropics 1n which there 18 a persistent
Seasonal reversal of the mean winds in an area, 1z derlved
from the Arablc word HausIm,aﬁIcF means ssason
(Neiburger et al., 19K, It was originally used by the
Arab traders to describe seagonal winds which blew steadily

for six months from the north and six months from the south
(Ramage, 19571),

A pecullar feature of this terminoclogy is that N

there 18 a seascnal reversal of the prevajling winds over

an area (Walker, 1960; Ramage, 1971), which, strictly

speaking, implies the operation of two distinct climatic
reqimes, depending on whether in ong season the mean wind
8 onwshore and off-shore in another and vice versa,

2. Monsoon Components and Research Emphasis

Although most writers on the monsoon climate in

all parts of the tropics where the monsoon climate ia '

observed, have tended to concentrate on the summer
rain-bearing component of the monsoon, recent works in
tropical meteorology reveal that the winter component

of the monsoon 1a equally important, This che-sided
emphasis, which had in the past pervaded discussions on
monsoons of the world, is gradually dying out, thereby
9iving room for a more well balanced treatment on the two

components of the monsoon climate which we designate aa: -

(a) The Southewest Summer Monsoon {Swsm)
(b) The NorthEast Winter Monsoon (NEWM).

A more comprehensive understanding of tropical
climate in both west Africa and East Africa, where the
Monsoon system is cbserved in Africa in different degrees,
demands a good knowledge of the monsoon climatic pattern
in these regions.

As a result of the prominence and interest which
the Indian primary monsoon system hasz generated among
early tropical meteorologists, the SWSM has been Y TN
unnecessarily emphasized by several researchers on the

of the aignificant role of the NEWM in the African
Monsoon system,
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This one-gided treatment of monsoon climatology
is also evident in the planning and implementation of
large-scale research experiments in Africa. For example,
the recen: West African Monsoon Experiment (WAMEX) ,
conducted in summer of 1974, considered only the summer
component of the West African Mensoon., Perhaps, hopefully,
phase II of the monsoon research pProgramme in West Africa
may involve the NEWM,

This 1s primarily because in terms of the energetics
of the tropical atmosphere, the winter monsoon iz ve
important in a proper understanding of the climatology of
West Africa, for example, especially in terms of heat
sources of the tropic atmosphere {n winter. As
Chang et 21., (191:ﬁ"h ve discussed, the northern winter
monsoon iz one of the most energetic systems of the tropical
atmosphere, .

Consequently, therefore, these lacture series will
emphasize the NEWM in our discussions for both the wWest
Africa and East Africa monsoon systems, i

3. Establishment and Maintenance of the Monsoon
Lirculation

In the literature on monsoon meteorology, frequently,
one finds an explanation in terms of differential heating
between adjacent land sand sea (e.g. Flohn, 1960), However,
on a careful examination of the monsoon concepts « its
extent and intensity in the context of tropical meteorology
&nd presen: day knowledge of the structure and mechanisms
of the tropical atmosphere of which the monsoon {s an
important circulation system, one finds that this
differential heating is itself not a causal factor for the
monsoon, but somehow an effect o e monsoon phenomenon,

This view is based on the fact that temperature
gradient arising from a difference in the heat capacity
of land and water bodies is insufficient to generate and
sustain the intensity of the monsoon ¢irculation, This
is primarily becasuse the ‘sea-breeze effect', as the
atmospheric process of air motion emanating from the ‘
existence cf a temparature difference between land and sea
Ts usually cailed ENeIEErger et al., 19%1), can also occur
in both Seasons, even on a daily basis. What causes and
maintains the African Monsoon is, in fact, more dynamically
involved than this simple heat capacity concept,

Further, a close study of the monsoon dynamica as
an important component of tropical general circulation
reveals that the African Monsocon, including the Indian
Monaoon system, is dynamically induced, The writer is



——

therefore in perfect agreement with Krishnamurti and
Bhalme (1576) fn stating that there probably exista a
natural oscillation of the broad-scale monsoon due to

its own inherent dynamics,

. The observed persistent Beasonal turning of the
prevalling winds from south-easterly to south-wasterly
on croasing the equator on a large-scale over a given
monsoon reglon in the tropics in summer 1s not a direct
result of differential heating effect between land and
sea, but derives from the dynanical structure of the
tropical atmosphere determined by the apparent annual
movement of the sun across the equator. The dynamical
controls on the monsoon may be of the same degree as that
produced by the Coriolis force - a force which is capable
of deviating the powerful Bouth-easterly trades into a
south-westerly monsoon current on crossing the aquator intc
West Africa over the Gulf of Guinea (see Fig. 1). This
same effect occurs in the Indian subcontinent and alaso in
Eastern Africa in summer, The writer, doas not believe
that this soft of 'sea~breeze effect! explanation for the
existence of the monsoon actually tells the whole story
of the evolution and maintenance of the monsoon circulation.,

For example, in West Africa, the prevalence of the
highly stable dry dust-laden North-East Trade winds during
the northern winter and their reversion, on a continental
scale, to an unstable moist cn=shore south-westerly winds
in summer is determined principally by changes in the
dynamical structure of the tropical atmosphere, especially

in the meridional direction in which the Apparent movement
of the sun across the egquator in the course of a year 1s
the prime ‘motivator o the monsoon system,

It iz usually constitutes an interesting and
intriguing spectacle to observe on synoptic weather maps
the highly organized flow of air on a large-scale from
the South Atlantic in northern summer arriving West Africa
a8 a south-westerly wind on crosging the equator.' *The
south-westerly winds which cover most parts of the
subregion as far north.-as 26%y by mid-August 1s completely
replaced in winter, say, January, by a dry north-easterly
wind called the Harmattan which 18 of a different
thermodynamic characteristic when compared with the moist
south-wezt monsoon current. This observation may geem
rather surprising, but it explains the dynamical background
of the monsoon climatology in West Africa and other
tropical areas where the nystem is observed,

— —

4, Factors which favour Monsoon Circulation in
frica
4,1 ggggrlghica! Posttion of African Contineng

The geographical location of the continent of
Africa, which is approximately symmetrical with the equator,
strongly favours the Prevalence of the monsoon clrculation
in Africa. This, together with the presence of a continental
land mass to the north Of the equator in West Africa and the
presence of two oceans to the West and eastern sectors of
the continent, are highly condusive for monsoon circulation,

4.2 Meridional Seasonal Displacement of Pressure
Systems

A second factor which favours the monscon circulation
in Africa is the characteristic meridional displacement of
major climatological pressure systems. The latter for the
West African subregion are the Saharan anticyclone and the
Equatorial trough ET), referred to in this lecture as
Monsoon Trough {MT). These systems are known to generally
move polewards in northern susmer and in the reverse

direction in winter as if connected by a spongy loop.(Kalu 1985)
Sea ﬂtg.n,. Y " '

these pressure systems. It is a known fact that it iz the
direct interaction of solar radiation on the equatorial
region that creates the permanent low pressure area
observable all over the tropics in the equatorial area,

general circulation of the tropical atmosphere, That is
why in northern summer ths MT 18 located to the north of
the Equator about 20 - 25% in mid August guring high sun
pericd while it 1s found as far south as 5°N during low
sun period in Weat Africa, Although the MT 1is permanently
north of the equator all the year round in West Africa,
this is not the case in Central and Eastern Africa where
in winter the position 1s found south of the equator

{See Flg. !).

Se Influence of Togggraghx

Adefolalu (1979) has divided Africa topographically
into two distinct relief categories, namely : (a) Low Africa



and (b) High Africa. This type of consideration s
relevant in studies involving the monsocnal flow in
Africa especially as it is known that topography does
exert some significant impact on the intensity, bursis
and persistence of the monsoon, especially in creating
the shear-lines which are favourable weather development
areas of the Easterly wave, S, p FS‘ 4,

While the monsoon circulation is well pronounced

in the areas described as Low Africa, e.g. West Africa(jldo, 11?3)

this 1s not the case in the High Africa. Topography
distorts significantly the organisation of Easterly wave
synoptic systems (e.g. the Inter-Tropical Discontinuity
(ITD)}, cyeclonic vortices, the Easterly waves themaelves),
The restricted application of the Easterly wave concept

to forecast weather development in East and Central Africa
18 primarily attributable to the complex relief features
of these areas.

Perhaps, the greatest influence of topography on
monsoon circulation in Africa is in the low~level Easterly
windfleld. The impact of topography on low=level Easterly
Jet of East Africa has been discussed by Findlater
(1969, 1972) while Kalu (1983) has described the role of
topography (Gee fig, 5° as an enhancement
factor to the atrenathening of the Easterly windfield which
is important for dust transport in the area,

The influence of topography on the monsoon system
of West-Africa is also recognized because it was designated
a8 & third phase of the WAMEX programme for the tropical
atmosphere over West Africa (GARP Publlcntion@)kr

6.8 Major Monsoon Pressure Systems

On a climatological basis, the principal pressure
systems which are important in the generation and

Equatorial trough. The prevailing winds and weather pattern
observed in Africa are linked with the meridional oscillation

activity of the sun in the course of a year. Although the
subtroplical anticyclones (M semi permanent, their influence
shifts slightly polewards and equatorwards owing to the
Pronounced movement of the Equatorial trough. See Figd..

The meridional distribution of the pressure systems
is an important feature of the general circulation of the

tropical atmosphere., This is such that there is a
poleward displacement of these systems during the high ,
sun period and towards the equator in the winter low sun,
period,

The prevalence of low-level Easterlles and Westerlies
at upper levels derives from the interaction between the
two hemispheric anticyclones (the Saharan High and st.
Helena High for West Africa) and the monsoon trough,

The generation of weather is also dependent oh the relative
positions of these two climatological pressure systems,
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Lecture 2: The West African Monsoon
———C A ElCAN Monsoon

1. Introduction

In lecture 1, we have discussed some recent ideas
on the monsoon climntology in Africa. In the following
lecture, we shall treat the structure of the monscon
system and a review of some current forecasting techniques
for the onset, cessation and breaks of the monsoon in
West Africa.

2. Structure

2+1 Flow Pattern

In order to understand the structure of the tropical
atmosphere in West Africd, it is hecessary, firstly, to
discuss the flow pattern during the two seasons which
characterize monsoon system in Africa. Thus, the structure
of the_troposphere in west Africa, as can be seen in
Pigs. &,b, axhibits the following typical features :-

Ao Northern Winter

{1) A persistence of Easterlies at lower tropospheric
levels (surface « about 650mb) with cores of maximum
wind velocity which Kalu (1983) has described as
low=level Easterly wind maximum (LLEWM). Some other
authors have also designated this wind as a Low-Level
Jet (e.g. Alna, 1972). It is located approximately

betwegn 950mb and 900mb for most parts of West Africa.

See RS g

{11) A broad band of westerlies extending approximately
over the second half of the troposphere with core
forming the subtropical Jet stream at approximately
200mb over North Atricl..

b. Northern Summer

(151) Weak upper westerlies and the disappearance of the
subtropical (westerly} Jet stream which 1s then
replaced by an upper trOpospheric/stratospheric
Tropical Easterly Jet (TEJ).

(iv) A boundary layer weak south-westerlies, sometimes
* known as the Equatorial wester)ies (Watts, 1955, t
Flohn, 1960)}. This 1is tepresented by W in Flg. §
and S In Fig. 4b for both the U- and V- components
of the mean zonal winds, and

G
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{v) A mid-tropospheric Easterly Jet stream which has
now been called the African Easterly Jet (AEJ).
(Adefolalu, 1974; Pedgley and Krishnamurti, 197¢).

A significant feature of Fig. Ba is the increased
depth of the Easterlies during the dry season. This 1is
very important for an effective dust transport in west
Africa (Kalu, 1983),

2.141 The Harmattan

The Harmattan, one of the most important low=level
regional winds which are assoclated with the winter monsoon
system in West Africa, The Harmattan, is a dry but cool
and often dust=laden wind, blowing from the subtropical
anticyclone  across the Sahara into the Equatoria) trough
in West Africa during the dry season., It is an English
derivative of the word "Harmata® from the Panti language

during the dry season {see Longer Oxford English Dictionary),
The Harmattan in West Africa 15 synonimous with increased
turbidity of the lower atmosphere due essentially to
suspended sofl-dust particles from the Sahara and its
equatorward fringe areas, for example, the Sahel zone. The
Harmattan and its associated weather have been well
docurfented in Nigeria (e.g. Adefolalu, 1968; Aina, 1972;
Kalu, 1379, 1983?.

An important feature of the West African Harmattan
wind 13 the existence of a well defined core of maximum
iocal Easterly wind in winter at the gradient wind level
{about 950 - 900mb in most cases}. This wind system has
been previously described a4z a low=level jet (LLJ) (e.g,
Adefolalu, 1968; Alna, 1972; Kalu, 1979), but Kalu (1983)
has discussed the same wind under the term low=~level Easterly
wind maximum (LLEWM), This termlnology is still maintained
in our present discussion without any prejudice to the LLJ
terminology which has hitherto been applied to describe
;hisa:ignificnnt low=level winter windfield (see section

eds L] | .
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2+1.2 The Egquatorial Westerlles

On examination of the annual wind profile for west
Africa, one will find a distinct wind system at lower
levelf of the troposphere in summer below the Easterlies
(rig.€§ « This is Equatorial westerlies which has been
described by various authors (e.g., Watts, 1955; Flohn,
1960’ e, )' t ximi. '1984).

The appearance of the low-level westerlies is due
to the increased depth of the south-westerly Trade windsa
(originally Bouth~Easterly Wind south of the Equator,
but becomes, South-westerly wind on crossing the Equator
as & result of the Coriolis effect). The Equatorial
westerlies are a significant wind fleld of West Africa as
it represents a change in the structure of the monsoon
circulation in the area, It is usually very pronounced
in August when the walker's (1960) Zone D is located over
the coastal areas of West Africa.

2+1+3 The Lower Tropospheric Easterly Wind Maxims

a, Nomenclature

A significant feature in the structure of tha
lower tropical troposphere in West Africa,which 18 pelevant
to the dynamical feature of the tropical atmosphere in
both seasons, is the existence of cores of maximum winds
in the easterly windfleld. These low=level wind maxima :
have been designated by various names. For example, in
summer the terminology, the African Easterly Jet (AEJ),
has been used to describe the summer mid-tropospheric
Easterly wind maximum occurring at 600 - 650mb (e.g.
Burpee, 1972; Adefolalu, 1974; Pedgley and Krishnamurti,
1975. etC) -

Also in winter, another core of maximum wind in
the Easterlies is observed, but this time at the gradient
wind level (950 - 900mb) and has been designated the
Low=level Easterly wind maximum (LLEWM) by Kalu (1983) as
mentioned in section 2.1.1. Sae Ry-3-

While the AEJ has bean extensively studied, its
winter counterpart has received as yet very little attention.
This 1s probably because of 1ts direct association with the
winter monsoon which has not been widely studied. Another
reason may be that, being a boundary layer wind phenomenon,
it is very often missed by upper level ascents based on
standard pressure levels., However, as a result of its

—1l-

direct amsoclation with dust transport across West Africa
from the Sahara desert, the LLEWM has of recent received
some atzention by meteorclogists (e.g. Adefolalu, 1968;
Alna, 1972; Kalu, 1983),

Our discussion here is not to present a detailed
treatmen: of the two seasonal lowelevel Easterly wind maxima,
but to emphasize their importance in the dynamics of the
monsoon circulation in West Africa, .

'b. Dynamical Significance

The large-scale loW-level atmospheric ¢irculation,
especially with regards to the existence of wind maxima,
can determine the structure of the lower troposphere in
three ways. These are : .

(1) They influence directly the energy and momentum
budgets of the earth~atmosphere (P8L) Bystem
through horizontal and vertical advection processes,
particularly the latter,

(11)  The low-level wind field controls exchange processes
in the atmospheric boundary layer, and

(111) Convection 1a requlated by both dynamical .and
thermal structuresof the PBL.

Perhaps, a most important contribution of the
existence of characteristic maxima in the Easterly wind
fleld in West Africa during the two seasons is the provision

of definite shears in the zonal Easterly windfleld, both in
the vertical and hor zontal directions, These are very
Importan! and necessary factors for the various instability
modes which have been found to be important for the tropical
monsoon atmosphere in West Africa, for example, combined

baroclinic-barotropic instability (Burpee, 197A; Rennick,
1976; Pedgley and Krishnamurti, 1976},

Furthermore, both the AEJ and the LLEWM are also
important in energy exchange mechanisms of the tropical
atmosphere for both seasons in West Africa as have been
variously discussed by Reed {1978), Krishnamurti et ale,
{1976) ; Norquist et 21.$1977), etc.

———

Ce Possible Ralationshi between Winter and Summer
Essterly Wind Maxima — - on-tinter and Summer

In order to establigh a possible relationship
between the LLA and the two Easterly wind maxima in winter
and summer it is npecessary to note the following:
firstly, the observation by Adefolalu (1979) that the AEJ,
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whose mean level of occurrence in June through August, is

€50 - 600mb,descends sharply to about TOOmb in October;
Secondly, the documentation Y Thompson who has -
shown evidence that the low=leval anticyclone (LLA) over
West Africa is found at a lower level of the tropospaere

in winter than its summer position, and thirdly, the
observation by Kalu (1983) that both the AEJ and LLEWM

are Easterly outlows from the same subtropical anticyclone
and which are located to its equatorward south-eastern
periphery. On the basis of the above observational evidence,
it 15 reasoned that these two seazonal Easterly wind maxima
may, after all, be essentlally the same windfield whose
seasonal prevalence in Weat Africa is attributable to
monsoonal circulation. Although the above contentiom is
3t111 highly hypothetical and still needs further research
confirmation, observational evidence so far established

are highly in favour of the existence of such a relation-
ship between the two seasonal low-level Easterly tropospheric
wind maxima,

3. Elements of Monscon Circulatjon in West Africa

Although under this heading several synoptic and
climatological features ma be discussed as have been done
by Krishnmurtl and Bhalme {1976 s for purposes of the
present discussion, we shall restrict our attentfon to
the following two primary monsoon systems:-

{a)} The Monsoon trough
(b} The Hemispheric anticyclones

3.1 The Monsocn Trough

In this lecture, the term Monscon Trough (MT} is
synonimous with Equatorial trough, asz the low pressure
area in the equatoriaj} region 1is generally known in the
tropics. The Monsoon trough develops as a result of
radiative imputs into the earth-atmosphere system such
that the characteristic intense heating of the ground

surface roduces a persistent column of rising alr in this
regign. This creadtes a condition favolUrable for the

existence of a broad belt of low ressure region all over
P 29 uM’II

the tropics. g4 is a went o} TN maninum at qrewnd 3

A significant feature of the MT 15 its meridional
oscillation in the Ccourse of a year, This is astronomically
controlled with the position of the earth relative to -
the sun at any time of the year determining the surface
position of the trough. As a result the trough moves

']

¢

—1B~

polewards during high sun period (northern summer) and
equatorwards or sqpthgirds during low sun period {northern
winter), Saa Ry

d.1.1 The Inter-?rog;cal Discontlnult!

In West Africa, an important weather-related
feature of the MT is the Inter-Tropical discontinuity (17D),
The ITD is not a temperature discontinuity as earlier
mnateorologists had tried to imply by erronecusly coining
the term Inter~Tropical Pront (ITF) which does not apply
in the tropics., But it is & discontinuity in both molsture
and wind flelds., It describes the trade confluence zone
over=land and its Counterpart, the Inter-Tropdcal
Convergence Zone (ITCR), 15 used to describe the Trade
confluence zone over the oceanic areas of the tropics,

The ITD 18 a synoptic feature which is located
within the Monsoon trough and oscillations of the latter
are interpretted in terms of diurnal and seasonal movements

of the ITD in sympathy with the apparent movement of the sun,

3.1.2 Dpiurnal and Seasonal Osc;llatlong

Although the ITD is a persistent synoptic-scale
feature of the monsoon circulation in west Africa, it is
found to exhibit some oscillations in the course of a year.
These oscillations, which have been identified on surface
weather maps, are of diurnal and seasonal nature The ITD
iz the most relevant featurs of the MT in West Africa as
far as the generation of weather, especially during summer,
is concerned,

Essentially as a result of the steadiness of the
1TD, a determination of its surface position on weather
maps is of great forecasting interest, Apart from the
delineation of West Africa into weather zones with
specific reference to the mean surface pogition of the iTp,
routine forecasting based on the north=-south migration of
the ITD 15 of more practical importance, The u&l!h,"of :
weather in Nigeria is principally based on the characteristic
meridional cscillation of the MT which 1is represented on
sgnzgtlc weather charts in terms of the surface position
o « ITD,

The diurnal oscillation of the 1TD is non-directional
but represents a daily variation in cloudinesa and convective
weather over a given station, while the seasonal
oscillation 1s strictly directional - moving polewardsoin -
summer to a maximum possible position of about 22 - 25% [rn;-&)
in the longitude of Nigeria and Southwards in winter to a
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maximum Southward position of about S°N. 1t should be
pointed out that the ITD is permanently north of the
equator throughout the. year in West Africa, This is,
of course, not always the case in all parts of Africa.

: 1 An important feature of the ITD to monsoon circulation
is that it constitutes a zone of convective weather in West
However, observational evidence in Nigeria reveals
that surface position of the ITD does not usually coincide
with active weather zone of the ITD, the latter is the
Walkerts (1 zone C. Synoptic evidence shows that the

Burface position of the ITD as defined by the 15° | 1saplath
of dew polnt temperature §s not necessarily convective and
continentsal North-gasterlies which overeride the moist
south-westerlies, 1In threeedimentional perspective, the
ITD slopes equatorwards with height as schematically
depicted in Fig.ﬁi? Both the diurnal and meridional

oscillations of the ITD should be emphasized for purposes
of weather forecasting in the area,

3.2 The Hemispheric Antlcxclones,‘

The Hemispherie anticyclonegpwhich are known to
influence the weather and, In fact, climate of West| Africa
The Saharan High, anpd -

(b) The South Atlantic Migh, See RJ-’(&}

These are subtropical anticyclones which are located
respectively to the north and scuth of the geographical

Je2.1 Osecillations

The hemispheric anticyclones, like the MT, also
exhibit a meridional oscillation in the course of the year,
it is necessary to point out that the present work does not
consider the weather patterns associpted with each anticycione
because such information s available in the 1iteratyre,
but it emphasizes on the seasonal oscillation of these
pressure aystems and their effects on the weather and the
climatic pattern of West Africa. This line of action is
adopted primarily becuase its understanding 1s fundamental

to Buccessful forecastin of monsoon weath
West Africa, 9 °F systems in

Although on 1;c1§matologicll consideration,the subtropical

high pressure cell Are semi-permanent featires of
the earth's atmosphere, they are nevertheless known to
exhibit some significant movements, especially in the meridional

7
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direction. Such movements have been observed on synoptic
weather maps in West Africa and they may be better classified

as seasonal displacements rather than oscillations - a term
which 1z more appropriate for the Monsoon trough and its ITD,
Or the basis of the general circulation of the earth's
atmosphere, it appears that the three pressure systema
effectirg the subregion (i.e. the Saharan High to the north,
the south Atlantic High to the South and the Monsoon trough
in between) are connected in a form of s¥ogg¥ atmospheric
1o00p. Ey Lthis we mean that the intensiffcation or weakening
n one system affects the other in a chain, Thus, for
example, 11 northern summer, there ies a general tendency
for these pressure systems to move polewards with the
movement of the MT being most pronounced and more easily
ldentifimd on weather maps in terms of the ITD, The northward
displacement of these hemispheric highs are usually indicated
oh synoptic weather maps in the form of closed anticyclonlc
eddies or in some cases intense ridges in areas usually

occupled by other pressure systems e.g. the polar low during
the nortyern summer.

Slmllarly, during the same period the influence of
Saharan Hich over West Africa is greatly diminished with a
subsequent intensification of the Sahara High over the
extratropical latitudes over Gibraltar and the Meditarranean
Coast of Africa., The raeverse 1s, of courze, true in winter
when, due to a southward displacement of the Saharan High,
the North-Easterlies exert a controlling influence on the
weather of West Africa with a relative decréase on the
influence of the moist south-westerlies, originating from
the soutrern hemispheric high over the Ascenssion Island
in the South Atlantic. .

3.2.2 Signlficance of the Oscillations

These temporal and spatial oscillations of the
hemispheric anticyclones are important &n many respects,
Firstly, they produce the hecessary drive for the monsoon
Bystem, especially by producIng the necessary poleward
s¥eering for the rain=bearing Bouth-westerly winds, Secondly,
they determine the climatic pattern of the West Africa .
subregion, For example, during the rainy season, the thrust
from the 3outheAtlantic high or St, Helena High over the
Ascension Itland, as it is sometimes called - —

" 15 very much felt over West African maleand in the
form of considerably increased surge of the south-westerlies,
Kalu (1972) has sutgested that it is because of the proxImIty
of the Somth Atlantic High to the West African coast {n
mid-summer that produces the anomalous mid-summer monaoon
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breaak called the Little Dry Season ., . : The
high produces the observed characteristic pronounced
stabllity of the lower troposphers inspite of high dapth

of moisture resulting in persistent cloudiness, but without much

rain, Obasi (1964) has also discussed the anticyclomic
circulation which may produce such observed stable lewer
troposphere over Nigeria during the Little Dry Seasoms.

3.2.3 e _Relative Strenqth of the Hemispheric Antie e

The relative strength of both the North=East and
South-west Trade winds determine structurally the mean
climatic pattern of West Africa in either season. A
decrease in the thrust of the south-westerlies, for exampla,
into the West African mainland, possibly due to either a
decreases in the strength of the E:uth-Ehltcrlics, soLth of
the equator, or the strengthening of the North-Easterlies
{or both), may cause the existense of a drought condition
ovar the semi-arid areas of West Africa. This situation
has bean described by Bryson (1973) as a "failure of the
monsoon”,

On the other hand, 1if the thrust of the south=-
wasterlies into the heart of the African bulge is
appreciable, then an above-average rainfall may be found
to prevail over the Sahel regicn. This relative strength
between the two Trades winds of the monscon aystem in
West Africa in relation to the inhibition or enhancement
of tropical droughts in the ralnfall-sensitive area of the
Sahel has been discussed by Kalu (1983). He attributas
the severe 1972/73 West African drought to a decrasase in
the poleward thrust of the moist southwwesterlies and a
corresponding increase in strength of the continental dry
North-Easterlias resulting from an equatoiward intenaiticatiem
of the Baharsn high, .

It is however true that,whether below-or above-
average,rainfall = ' obtained in transitional rainralle~
sensitive zone of West Africascalled the Sahel Region.
depends on the relative strength of the two Trade winds,

4. Review of Forecasting Techniques in West Africas

4.1 Introduction

Although the climatological and the frontal nir-mass
schools of thaought in tropical meteorology may have had
their merits and damerits, latest developments in tropical

h
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meteorology which seem to fit in with actual observations

of weather in the aresa is produced by the perturbation school.
The lattar is a line of thought which is based on the
existence of an organized wave attern of atmospheric motion
systems in the low-level Balterflcl, propagating from east

to west south of the subtropical anticyclone. The ability

to predict weather development with the Easterly wave

concept therefore depends largely on & knowledge of the
synoptic-scale disturbances associated with the Easterly
Waves.

Portunately, in West Africa, unlike in the complex
topographical structure of East Africa, most of the region,
sxcepting the eastern boundary, lies within the area
described as Low Africa (Adefolalu, 1979). As a result
the Easterly waves are little distur d by topography,
espacially west of about longitude 25°E, bee J'p’-

Since two different weather systems are observed for
each of the two componshts of the monsoon in Weat Africa

(1.8, the NEWM and SWSM discussed earlier); we shall
consider each component separately,

4.2 The Winter Monsoon

4,2.1 Forecasting Dust Haze

As a result of equatorward displacement of the
monsoon trough during northarn winter, the Saharan High
pressure, with its increased surge of the Harmattan over
West Africa, is the dominant synoptic system during the
period. A most persistent weather during the dry season
is the Harmattan dust haze and this is the only weather
phenomanon for which several research efforts have been pade,
Especially in Nigeria because of its role in Civil Aviation
Operations and, perhaps, as a result of its contributory
feature in air pollution during the dry season and its role
in the atmospheric phenonemon of desertification in the
northern fringe areas of the subregion, several meaningful
researches have been carried an it,

Pirstly is the ploneering effort of Hamilton and
Archbald (1945) who produced the first attempt to forecast
the Harmattan dust haze by means of conventional synoptic
techniques of pressure field analysis and visibility.

This was followed by Burns {1961) who introduced the

pressure gradient technique of forecasting dust haze and
further developed by Adefolalu (1968). This method was

later reviewed by AIna (1972) who recognized the significance
of the low-level Easterly wind maximum (or Jet) in forecasting
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dust in Nigeria, However, an important point against

the pressure gradient technique for forecasting dust in
Nigeria was that the model proved useful only for cases
when dust had been visibly reported at the Bilma or Paya
Largeau source area, The technique failed to forecast

the mohilization of Qust at the source region. This
nowcasting methed dld not provide the forecaster with the
necessary tools to predict the mobilization of dust in the
form of duststorms., It is in this area that the recent
work on the West African cust plume by Kalu (1979, 1983)
constitutes a significant contribytion in the winter monsoon
meteocrology of West Africa, Sex ﬁ,.‘o.

Kalu (1983) has applied different synoptic methods
to forecast the three Phases of the dust plume, namely

{a) The mohilizatien phase
(b) The transport phase , and . .,
(c) Tha clesrance phase, -

For {(a) he uses the genesis and subsequent
intensification of the low-level anticyclone (LLA) over
the Sahara and its subsequent development in the form of

n this area was the
rather periodic incursion’ of frontal‘depressions and theip

2ssoclated cold air outbreaks into the Sahara desert,
The westerly subtropical Jet Stream was identified as a
steering force for the frontal depressions,

1 Sahars,
with its South Eastern periphery suitably orientated over

the dust reservoirs and ergs, then the conditions for
strong wind development — the LLEWM = are satisfied on a
broad-scale. Under such synoptic situation with the
strong development of the low~level Easterlies, it 1s most
likely that duststorms will develop over the dust source
reglon,not necessarily over established synoptic stations,
The low=level Easterly wind provides the necessary
instability requirements -~ shear-induced instability for
the destabilization of the PBL over the desert ergs,

For (b) the usual Burns' {1961) and Aina's (1972)
gradient wind technique is used with some modification,

But for (c) a completely different parameter is
introduced in the meteorology of the Harmattan dust haze -
that of using thermodynamical techniques of the low atmospheare

T e e PR
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¥ { Dpaily varistion of relative humidity, temperature and visibility
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at the ground surface during dust outbreaks, 1200GMT, Kano.

10

) | r—_ MARCH 1977 FEBRUARY 1974 DECEMBER 1980
e e | o] o Ton o] meo] 2 ] s
1 [2a] 19 23] 9|06 07 |20.0] 10|20 24 | 1400
2]m3] nlwo| 10|26.7| o8 {6.0] 11|23.s| 26 | 0.3
ylauar] 23| oo nl2a6| 18 |wo| 12]19.72) 32 | 0.2
o |22.2| 16| 0.2 12{24.6| 10 | 0.2 | 13206 | 29 | o.3
s [21.9)] o8| o0.3) 13]266| 08 j1.5 | 24221 ] 204 | 1.2
6 {246] 08| 03] 14{28.3| 10 l30.0 | 15]{23.4 | 28 | 1.4
7 {2.9]| 06| 0.6| bpecEmER 1973 16 (225 | 30 | 1.6
2 | 8 {228 | 07| 0.7 ] Pate o, P “’i:) 17 |25.4 | 28 | 3.5
% |29.0] o8| 0.4 25300 11 [25.0 | 18|27.4 | 27 | 15.0
10 [20.0] 08| 0.6] 26|26.1| 00 | 5.0 JANUARY 1975
, | or| 10| 200248 | 14 | 1.5 | P2te{T(og preadl B
12 28,6 | 07| o.5] 28|23.3| 15 |12 | 11238 | 20 | 5.0
13 {28.71 o5 | o5 29{25.0 16 | 1.6 | 12203 | 17 | 0.4
4 14 32,2 05 1.6 | 26.7 14 4.0 13 |20.0 | 18_| 0.4
15 129.8| 03| o5 n|27.2| 16 |10.o| 14199 | 18 | o5
16 |28.5 o5 | 0.3 15 |21.7 15 1.1
17 |272.5 | o6 | 0.3 16 |20.0 | 15 1.0
18 [26.6] 03| 0.3 17 (2001 | 19 | 0.7
19 127.2| 04| 0.7 18 [22.8 | 19 | s.0
2 |29.0 o8 | o.8 19 j25.6 | 12 4.0
21 31.1 08 4.0 20 |23.9 11 25.0

R | B




—19=-

based on upper air radiosonde temperatures for the
dissipation of the plume and so clearance of the dust in
a downwind area.

An important radiative characteristic of asolian
dust.that of absorption of solar radiation - was used to
infer the concentration of the dust in terms of horiszontal
visibility., This was reflected in terms of dust-induced
temperature inversion which waa found to be related to
the variation of horizontal visibilit ad ,;np rature
on the ground surface (See Fig. |.;J » l-|5-

Apart from conventional synoptic techniques, the
use of satellite images in forecasting the transport phase e,
and the clearance phase of the dust has also been discussed
by Kalu (1983},

4.2.2 Forecasting Foq

[ T Introductign

Another significant weather which is observed during
the winter monsoon in West Africa, especially over the
coastal area, 1s fog. This is not observed to the north of
the ITD because of low humidity field in the area, But as
has been discussed by Kaly (1980), 1t constitutes an
aviation hazard in the coastal aAress especially during
sarly morning flights into and out of the various airputs
located around the gaast,

For this weather phenomencn, no specific model has
been produced, but the use of pressure field analysis and b4
identification of the centre of the high pressure in
relation to the forecast area and the T-9 diagrams for
moisture and stability criteria of the lower atmosphere
are important for forecasting the formation and clearance
of fog. Porecasting of fog 1ifting can alsc be more
successfully done if the radiative response of the ground
surface together with ths Sun-rise data are considered
along side with the relief features of the area of interest.

Further, external inadvertent contributions by man
on the persistence of fog can also be surveyed and understood,
This 1z because of the observation in Nigeria that increased
pollution level of the PBL especlially over the increasingly
industrialized cities of coastal areas of West Africa e.g.
Lagos (Ikeja) and Apapa industria}l complexes in Nigeris
affects the persistence of fog in these areas. An
interesting observation in this regard 1s the sldghtly
increased persistence of fog in these areas of Lagos, This
is attributable to the strongly turbid atmosphere where

-3.0-

particulate pollutants, especially the highly hygroscopic
ones ,which may not have ln{ asolian origin, are found to
enhance the growth of liquid droplets around these numerous
condensation nucled.

Present evidence in Nigeria, however, does not favour
the enhancement of the microphysical process of rain
formation by the presence of large concentration of dust
in the lower atmosphere. What is observed during severe
dust outbreaks over the COAstal. areas: whare mristure content
of the air may be high, even during the dry seabon, is that
& near-smog condition is obtained dus to the simultaneous
presence o; large quantities of both 1liquid and soiid (dust)
particles. Kalu (1980) has discussed the significance of
such a synoptic situation in Civil Aviation Operations in
Nigeria and has suggested a mechanical method for clearing
sevare dusty atmosphere through areal flushing device.

b. Pormation

1« Clear sky or little loudiness at lower levels. This
condition permita upwelling radiative transfer and

cooling of the ground surface.

2.  Light and variable winds. This condition doas not
anhance aTxing o avaliobie maper nction doas ot
enhances nocturnal cooling. It stagnates the air and
enhances concentration of available water droplets,

3. High moisture content of the lower atmosphere during
early morn ours. ¢ climatology of West Africa
Indicates that minimum temperature in the day is always

attained at dawn, say 0400 = 0500GMT. This is also the
time when fog is commonly observed in West Africa,

High humidity is fiecessary 3o that only little cooling
will be necessary before saturation can occur.

4, Anticyclonic circulation. Produces favoursble stable
atmospheric conditions for effective prevalence of

the synoptic conditions discussed abave.

5. Topography. Relief features (e.g. whether the forecast
drea ls characterized by - ' open flat fields, valleys,
topographic constrictions, coastal areas, etc) are
important in the enhancement of fog formation. This
is the reason for the common occurrence of fog or -

smoke trapping in valleys.

6. Climatol « There are regions or areas which are
EIIEETEIE%*&-I favourable for fog formation. These

are areas which are characteristically affected by
upwelling ocean current as over the Ca.nary Island
and the Benguela Coast of Angola,
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i
Ce Clearance,

Mechanical turbulence ia Usually generated by strong
winds. This causes mixing in the air column due to increased
insolation. It is perhaps the most important synoptic
feature for fog dissipation. Fog occur as a result of
radiative cooling of the surface layers of the atmosphere
and when insolation increases after sun rise, two thincs
are known to happen, Firstly, the heating renders the
water droplets unstable and will therefore evaporate as
they will no longer maintain their thermal equilibrium.
Secondly, the fog layer closest to the ground surface will
be affect=d most and it is from here that fog lifting
starts,. : T

Prom studies on the formation and disaipation of fog
by means of satellite images and other conventional
techniques, it is known that extensive areas of fog,
particularly radiation fog, start dissipating from their
outer edges and from below., This is attributable to
heating from below and from their cuter edges. An inward
mixing process is one of the strongest mechanisms of fog
dissipation through inward erosion into the fog ensemble,

Another synoptic feature which can favour fog clearance
is the presence of convective system in the area affected
by fog. This is Suggestive of a vertical motion in the
boundary laysr. It therefore destroys the stability of
the lower atmosphere which is 80 important for foqg formation
as discussed in (4) abova. :

4.2.,3 The Susmer Monzoon *
S SoTmer Tonzoon

[ Introduction

Since a most significant waather type of the summer
Monsoon in West Africa is squally thunderstoru,ulullly
associated with squall-lines, our next attention will be
directed towards a discussion of some procedural techniques
for their prediction. Although Riehl (1954) and othars
have 1sid the foundation of weather forecasting in the
tropics especially by means of the Easterly waves concept,
recent observational evidenc the behaviour of weather
systems during GATE (e.g9. R i919), for example, appear
to indicate that the cllssicallviev may be modified in order
to be consistent with pPresent obaervation of weather in
the subregion,

An important characteristic property of the Easterly
wava concept which enhances its application te waather
forecasting in West Africa is that most aquall-lines which

AL

give a wide-spread

~%2=

rainfall are usually well organized,
This condition makes 1t possible to predict very
nuccessfullr subsequent arrival of the various wave
L}

components
forecast area.
of the wave and squ

+g+ the trough and ridge zones) to a given
This is only poasible if some properties

allelines themselves are well known,

The following discussion therefore goes to provide such

useful information
effectively forecas

with organized squall=liines, .

which will enable a forecaster to
t rain storms ang squalls associated

b. Origin of West African Disturbance Lines

In this section, we shall offer a brief insight into
the possible origin of the violent weather systems which

affect Weat Africa

during northern summer, These systems

are already well known by various names such as squall-

The rationale

. lines or Disturbance Lines (Albignak and Reed, 1980)

in considering the possible origin of

disturbance 1ines in West Africa before outlining the
various synoptic symptoms which can be used effectively
to forecast their presence in the subregion is that, from
experience, one stands a better chance to predicting the
future state of a weather system 1f he knows its origin,
Thus, in order to be able to recognite and readily predict

the weather assocla

ted with squall-lines, it is necessary,

first, to have some insight. finto the dynamical as well as

ron-dynamical origi

Ny a3 the case may be, of the synoptic

Bystems giving rise to such distinct weather features of

the summer monscon,

Several theori
possible origin of
1957; Carlson,
These theories wil)]
will be restricted
of the motivating f

1969a,b} Prank,

#8 have already been given as the

West African squall-line (e.g. Eldridge,
19701 Burpee, 1972;etc.).
not be reviewed here, but the survey
to a treatment of an agpect of some
actors which are gradually beceming

Pepular in the meteoroclegy of Disturbances Lines in west

Africa,

This concerns

the role of topegraphy in the

genesis of the lower tropoespheric cyclenic vortices which

form and propogate
from east of Nigeri

An impertant r
that the basic east

tent theeory

westwords within the Easterly waves
Qe §
equirement in this understanding is
erly wave ig perturbed into discernible

shou erefore exp yriamical

Closed circulation centres in the form of cyclonic vortices
with alstInct shears in the mean zonal wind ow pattern,
A consls th hould th £ 1ain what d 1

and/or mechanical £
perturbation of the

orces are responsible for this

type of
basic Easterly current.
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viey 5“"}1.“’:,*%351.... wred Nempon (109 ) « Ser

from where emanates these vortices.with the Cameroun

leeward side with some mechamical force such that

the mountain peaks constitute themsalves into closed

trigger point for squall-line gcnerltioz’
-

The present suggestion and amplification of the role
of topography in the perturbation of easterly waves into
closed lower tropospheric vortices is, however, without
any prejudice to existing dynamical theories for the growth
tropics
generally. Howeweg, experience in Nigeria on the frequency, emsr~

and maintenance of Easterly wave disturbances in the

gence (alwAys from  the East of Nigeria) and the

direction of movemént of these vortices associated with well
organized squall-lines, which produce wide-spread rainfall
and squally thunderstorms along their tracks, suggest that
such topographically induced perturbation can be possible.

Ce Synoptic Peatures for Porecasting Squally Thunder=
gtorma

An important requirement in weather forecasting in

the tropics, or any other parts of the world for that

matter, is an accurate analysis which is representative

lee-roaves which havt beow o oid

A careful examination of the nature of the possible
mechanism which can perturb the basic zonal Easterly lower
tropospheric flow into closed circulation centres reveals

that such perturbation may be mechanicall induced. The
relief features of the eastern sector of West Africa
mountain nearest to Nigeria and the Etheopian highlapds
further to the east, seem to confirm that the existence
of such mechamically induced perturbation may be possible.
Both the Cameroun mountain and the Etheopian highlands are
topographic features with peaks above the mean ilevel o
maximum intensity of the Easterly waves (700mb or 3km)

The situation is such that the basic easterly current on
rising above the maintain peaks descends sharply on the

distinct shears in the horizontal windfield are produced
n the basic zonal Easterly wind pattern. Initially closed
circulation centres are not tormed, but as time goes on the
sheara in the wind flow pattern at or balow the level of

vertical centres which then propagate westwards within the
Easterly wave current. In this way the mountains act as a

Observations in West Africa show that not all the
cyclonic vortices so-formed may energire into organised
aquali-lines. Some of these may die out before reaching
the Eastern Nigeria border owing to lack of or weakening in
the sustaining dynamical influences such as the availability
of moisture for a proper development of the shears in the
windfield into clear vortical centres. La Seur (1962) has
noted that orography can play a vital role in the structure
of shear-lines and weather systems associated with them.

_important requirements are,firatly
SYNop
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of observed real-time data, Contrary to this, fdrecastl
based on wrong analysis of synoptic data will definitely
produce wrong forecasts of waather at any particular time.

It 1s, however, very difficult to identify one
synoptic technique or modsl which will be suitable and
also acceptable for weather development 4§n a
the tropics. As a result, various Naticnal Serv ces have
1.ve1o5§a their own spacific techniques or "rule of thumb*
in some cases, but the end result of these various techniques
is to be able to predict,as accurately as posliblc,tho-_ r
development and movement of meso-scale cyclonic vorticed ',
usually associated with squall-lines, However, the most
the identificat

B ADD D
ure to energize such a system. -

availability of moist

Based on the above introductory discussions, the
following features need to be observed and identified:-

(1) Shear-Lines in the zonal wind flow at the appropriate
evels, Such shear-lines may include features like
trough-lines, ridge-lines, cols, etc.

(1) Closed Cyclontc Vortices. The appropriate levels in
West A?rica for the location of these lower
tropospheric vortices are the 900mb, 850mb and sometimes
700mb especially when the moisture depth 1s very high
&8 during mideAugust when Zone D 1ies over the coastsl

drea of West Africa,

(111) Asymptote of Converqgence. This is a most favourable
area of cyclonlc vortex for the formation and
development of squally thunderstorms, It is usually
located at the co fluence zone of the vortex an
depicted in Fig.lh. 1ts counterpart the asymptote of
divergence 1s an area of diffluent motion and 1s not
usually found with cyclonic vortices and so not
observed in squall-lines.

{iv) Lower Tro heric Jet Stream. This is the familiar
rican tasterly Jet (AtJ ich has been well

documented in the 1iterature {e.g9. Dhonneur, 19743
Adefolalu, 1974, Pedgley and Eris i, 1976)
Its significance is stressed here aspecislly in
producing the vertical and horizontal
shears in the valocity fleldfof the troposphers which
are very vital in the barotopic instabllity model
(e.g. Bumpes 1972; Rennick, 1976, etc).

(v) Precipitation Areas of the Easterl waves, As may be
erv rom sate @ images (see Flate A), areas
of most intense precipitation within the squall=line



is around the south-eastern portion of the vortex =
that is the ssymptote of convergence as discussad

in (111) above. Although there is confluence within
the vortex, but a careful examination of satelllte
photographs in the tropics reveals that most frequently
the bright shower gones of the vortex are located most
characteristically to the South-eastern periphery of
the vortex and not at the centre. The shear-=line
analysis will show precisely the configuration of the
asymptote of convergence in a particular synoptic

situation.

Moisture Content, This is usually indicated from

many synoptic Inferrences,notably T« ascents, vhere

the dew point depression may be indicated at various
levels of the lower atmosphere. Apart from ccnventional
synoptic methods, satellite water vapour (WV) channel
data are presently the most effective tracer technique
in the tropics (sees Plate B).

{vi)

In addition to the identification of the abovs
symptomatic synoptic features for forecasting the development
and tracking of squallalines, it is also necessarly to use
these feature in close association with the geophysical
features of the forecast area such as topography, nearness
to water sources, etc.

Further, nowcasting may sometimes become Vary necassary
especially when tracking the movement of the squall=line.
It will be necessary to carefully examine the significant
weather for the past 24 hours, 6 hours and at the tiwe of
forecast preparation. This will enable the forecaster to
know the past position, the present position, and then a
possible direction of movement of tha squall=1ina, The
sequence of severe weather development from Eastern Lo
Western stationsysuch as squalls, rain showers and twundery
activities should be clearly identified especially for well
organized systems. In Nigeria, for example, it is possible
to predict very successfully the arrival of squally
thunderstorms in Lagos, 24 hours (or longer) ahead waich
had previously been located at, say, Calabar, Arochukwu,
Benin and Ibadan, for example. See '4,

4.3  Monsoon Breaks

[ 18 Definition

Monsoon breaks are short periods ranging from a faew
days to about three weeks (or longer) during which the
characteristic heavy monsoon rainfall is relaxed intc a
period of essentially fine weather with little rain ar

s

- significant monsoon break

' by a definite break in the summer rainfall, Sea

. A o

none in plaéea (Hamiton, 12?93 In West Africa th

: . e most

h -
eggi:gikno;n a0 the Tieok. gry @& meso-scale climatological
A ch is sometimes locally called in Nigeria th
"Auguat break". This ig because the phenomgnonaocczrs in
most years in Nigeria in July/August, Kaly (1972) has
however defined it as & period of rainfal} minimum, while
:gge::mﬁg;garndzﬁglllaﬁ 1973) have considere ags a
- ought, atever terminology m b
point is that the Little Dry.Season is & peclo usa::ét:lzl-:zed
H‘ﬂ" Ba-L.

b. Features : e

The Little Dry Seagon is restricted to

areas and inland up to about 9*N in West Arriggf °?§af§1
leas intense in the mountainous eastern border of Nigeria.
This is principally a direct result of orographic influence
Recently, it is obseprved that its onset and duration have
veried somewhat, especially since the last pesk of the
It now o
earlier than before - s:mgtimea in June as ::u::amgz:t two
7, bnd lasts much longer thereby d
markedly the rainfall pattern of the sﬂ%regiOn. bgowiszgrting
1nvestig§tiona in this direction are 5till continuing, inspita

gh moisture content of mid-~summer atmosphere, the
moiat instability usually associated with this condition is

not released with the result that essentially th
e weathe:
is characyerized by a Eersistent cloudiness ggvoid of viglent
weather like 8qually thunderstorms Wl on occasional slight
. L Tain and drizzle in Taces. This
contrasts very sIgnITicanEI? with the situatl E T :
after thia meso-climatic phenomenon.a siiuation before and
Forthermore, an important characteristic of t
is ¢he congiderably stable lower atmosphere durin;etigs
time'when the LD5S is observed, Thia, according to the
findings of Obasi (1964), has been attributed to the

Pronounced low-~leval anticyclonic circulati h
characteristic of the lower troposphers durf:gwﬁigfsé;mer

over HeatiArrica.
Nooli et al., (1987) are still workin
g bn various aspe
B fhe Hoeoryor o, heTems o erett clltoiseTiatt e,
n fac the ¢li
history of Weat Africa - a year in which th. 108 :a?t:%ggﬁ;l
Spse If this continues next rainy season, then it means .
¢ at the climatological map of West Africa will have to be revised
o take into consideration the new rainfall distribution pattern
in the subregion. But we hope this does,not. happen.

C. Genesis

Although the LDS is a significant eclimatological
£eabure of the annuatl rainfall of the Bouthern ngt of
eat Africa, especially the Coastal areas, it has not
Teceived a Proportionate research attention. Most of these
;eaeurchea on the %henomenon have not been publisghed,
ior example, Kalu 1972) in collaboration with Obasi has
nvestigated the caugse(a) of this large-geale monsoon
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break phenomenon using surface preassure fields derivable
from IGY 1958 Data. Thay related the LDS to the influence
ef the South-Atlantic anticyclens ever the Gulf, of Guinea ,
Coast in mid~summer months of July/August, during’ which
time pronounced pressure surges at louor_trqpolﬁhet;c
levels are observed in West Africas ' ..
at finding a possible forecasting model for the Little Dry
Season. Adekoya (1979} has also investigated some dynamical
basis for tha occurrence of the mid-summer minimum rainfal:
phenomenon.

A most outstanding investigation which has a clue to
the genesis of the Little Dry Season is by Obasi (1964) whe
has shown evidence that, although the total moisturs flun
over Ikeja is larger in August than in June, rainfall is
higher in June than in August when the Los il chserved over

Southern Nigeria. His computations show that 5%;_!g;§;nng
fi ent in June and divergent

The latter is confirmed by the finding of Kalu (1972)
that the nearer presence of the southern hemispheric
anticyclone over the Gulf of Guinea Coast of Africa is the
possible source for the observed predominantly anticyclende
circulation in the lower troposphere. The latter produces
the observed stahle atmospheric condition which is
associated with the Little Ory Season in West Africa,

This condition only implies that what determines the
rainfall over a given station is not only the moisture flux
ever such a station, but grinaril¥ Lhe convergence or
divergence (as the case may beJ of :the molature fleid., Pror
the former, the requirement 1is that to enable rainfall
to occur on a large-scale, the tranbient eddies which are
rajn-producing systems, must be activated si1 nlflcnntl .

In July or August the 15wer ropospheric circulatlon 1s

found to be predominantly divergent over West Africa resulting
from the prevalence of a strong anticyclonic circulation.

This is not favourable for effective development o

f th
transient systems and so dampens any convective 1nstnbi11ty which

may be present by virtus of the observed high moisture depth
during the period.

d, Synoptic Indications

Forecasting the onset of monsoon breaks,like the West
African Little Dry Ssasom,is essentially a cil-ntologic-l

This effort was

/5
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prediction for which no acceptable model has 80 far been
produced in wast Africa. It is, however, possible

on the basis of a good knowledge of its salient
characteristics, to be able to recognize the on~-set of
the LLCS and 1ts cessation. This is the precedure adopted
in the present treatment.,

& most significant synoptic feature which indicates
the on=set of the LDS is

at lower tropospheric levels over the
1f of Guinea and coastal areas of the subregion.

A most important characteristic of the LDS in this
connection is a stable lower troposphere in the presence

f & hlgh molsture depth. Por exuplol, tth. LDS l1s observed
] : . att h
f&gﬁhm mototure SentEs 1, "00E0" o e, LAELeE orfBt1E°8 ot of

® IID with height towards the Equaton. The stable atmoaphers ig

usually asseciated with strong anticyclonic circulation

which in our consideration here is the influence of the
south atlantic anticyclene. Additive to the above may be
Mentiomed of a low-level flow with pronounced anticyclonic
curvature in the streamlines. A synoptic feature which may
therefore depict the above characteristics is the presence
of strong closed anticyclonic eddies and/or ridges at surface
and lower atmosphere at least below 700mb over Southern
Nigeria, for example. The presence of these synoptic
features implies, among other things, that the centre of the
lew-1level subtropical anticyclone is close to the Guinea
Coast of West Africa. Purthermore, axtensive observation

by the writer in Nigeria shows that theae are not & featurs which
is associsted with convective raln-besaring weather aystem
1ike sguall=lines,

4.4. Tbchnlgfeg for Forecasting Onset and Cassation of
nsoons

I sections 4.2 and 4.3 we have reviewed soma of the
methods which are currently applied in West Africa in
forecasting major weather disturbances of the two monzoan
seagons in the subregion. In the following sections, an
effort is directed ftowards Predicting the onset and
cessation of the monsoon rainfall.

The forecasting of the onsat and cepsation of two
honsoon rainfall is essentislly a climatological problem
and up to the present time, climatological forecasts have
not been sufficlently documented in the literaturs., 1In
Wast Africa there is at present no published medel or
technique en a synopticescale basis which has been spacifically
directec to this purpose. '
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However, in the absence of such a recognized medel,
the author has chosen to discuss a climatological method
which has been produced as a basis for the prediction of
@ climatological rainfall foracast . in Nigeria in the form
of the onset and cessation of the rainy season. The project
was initiated and organized by Prof. G. 0, P, Obasi,
forme*ly of the ‘ Nigerian
Meteorological Services and ‘tht thenDirector, Education
and Training, World Metecrological Organization Headquarters,

Geneva and presently the Becretary - General of the Organisation.

Although the programme was eriginally meant for
agricultural purposes, it is presently being used as 2 basmis
for some climatological forecasts for both the onset nd-.
cessation of the rainy season and dry season, including
for example, the first monsoon rains in the year.

4.4.1 Dpata

The data include running pentade rainfall values for
a1l syneptic stations as well as climatological stations in
Nigeria as long as rainfall records were avajllable. Data
for the perlod 20 - 50 years were considered in most cases.
Such data are presently available on punch cards at the
Data Processing section of the Nigerisn Meteorological
Department, Oshodi, Lagos,

4.4.2 Method

The precedure adopted is a simple tim series plot
of running sums (or cumulative) of 5 « day aPantqdeO
rainfall for a given year for the period for which data
were avallable. The plotted graphs have running sums of
pentide rainfall as ordinates and pentades (days) ags
abscissa. This 1s shown in Fig. g .

a, Deflnltggn of Onpet and Cessation of Monsoon Rainfall

Onset of the summer monsoon rainfall using this
method is defined as the point A (day of the month) at
which the pentade rainfall curve (see Flg, 1) just ins
to rise monotonically, The point A does not, however,
represent the first rainfall in the year at the station.
The onset of monsoon ra nfall, on the basis of the above
definition, iz therefore different from the "firat rains®
in the year for a given station, As a corollary, the point

A automatically defines the end of the dry seaszon in Nigeria
for a given station,

L

L6

. Separately for the whole country.
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Similarly, the cessation of the monsoon raing is
alse defined as the point B (day of the month) at which
the pentade curve fust becomes parallel to the abscissa,
As a corollary also, e poln efines the onsel o [
dry seasen for the given station.

Mean values of A and B were obtained for each station
and for the duration of the period for which data were
available. PFor each rainfall station, thene values were -
pletted on a map of N geria. A rainfall station as uged
in this paper refers to either synoptic station or
climatological station. This is because for a sufficient
Coverage of the country rainfall or Climatological stations,
Furthermore, in Nigeria, every synoptic station is also a
rainfall station, but there are typical rainfall or
climatological stations which are not nogelsarilx synoptie
stations, like, fgr exanpse, Umudike (08%13'n,10%357E) ang
Samaru (Zaria) {11833'N,1001815) :

1solines of onset dates and corresponding dates for
the cessation of monsoon rainfall in Nigeria were drawn
The resulting twe
distinct maps, obtained after smoothing of the resulting
Curves, are shown in PigsJ7yand i7 b Smoothing was .
necessary because of the . heterogeneous data whioh
were used especially in the Southern States to estimate the
pentade dates, )

A representative standard deviation for the whole
country was necessary and was estimated to be 3 which is
equivalent to 15 daysy€8% of the observations will lie
between plus or minus 1 of the standard deviation,
The significance of this will be discussed in the next
section,

b. Interpretation of the maps

Isolines on each of the two MApS represent  a
climstological mean onset or cessation dates for the rainy
season (i.e, summer monsoon). There is a 70 percent
probability that the rainy season in Nigeria will commence
or cease when the standard deviation value of 15 days are
added to or subtracted from the mean dates shown on the
isolines onset or cessation of the rainy season as._the case
may be, Toke for example, the case for 1badan
(07°26'N,03°54'E) which the onset and cessation dates are
respectively 21 March and November 15, Considering the
former first, on adding to and subtracting 15 days from the
Wean onset date, we have two dates (6th March and 5th April)
which constitute a range for the onset of the rainy season
It may therafore be concluded that in 7 out of
10 years, the rainy season will commence at Ibadan between
5th March apd Sth April, .



—2} -

Similarly, for the cessation date (November 15), by
adding te and subtracting 15 days from this date, we shall
get that the rainy season at Ibadan may cease betwean
31 October and 30 November.

4.4.3 Application

Although the project was originally mean te give s
backing for the Operation Feed the Nation (OFN) programme -

& programme initiated and supported by the Federal Goverrment

of Nigeria, to encourage agricultural productivity in the
country, it is pPresently being used by weather forecasters
in Nigeria to refine their forecasts for the meridional
displacement of the actlve weather zones of West Africa

{See Section 4.2.3) which are directly associated with the ITD.

This 1s beceuse of the observation in the area that the
first monsoon rains of the year are directly produced by
squally thunderstorms. Thus the isolines for the onset of
the rainy season give valuable information on the location

of the railn-producing synoptic systems affecting the subreqion

in summer and as well as the onset of the Harmattan dust
season which follows immediately the rainy season .

Further, the two maps are of great use by climatologists

a3 well as agriculturalists and all other: whose operation
are weather-dependent, The range of onset and ceasation
periods shown as insets on the two diagrams are of high
climatological significance especially for an effective
Planning for the farmerd calender Year in terms of planting
and harvesting of farm crops.

Since the method was based on tha rainfall for each
synoptic station, its use necessitated the drawing of
space-time curves for the synoptic and rainfall stations
in Nigeria used in the analysis. Thus, isolines for the
onset of rainfall and the corresponding dates for the
Cessation were drawn for the whole country. The analysis
and subsequent smoothing of the resulting curves produced
the two maps depicted in Pigs.jTacnd iTh :

The use of time saties analysis for climatolegical
variables, like rainfall, which has been used in the present
analysis in Nigeria is considered a reliable method for
forecasting such climatological features as the onset of the
rainy season and its Ccesszation. The method is sufficlent]ly
accurate for climatolegical forecasts which do not need a
very high precis lon level. For the resent time y 01 the

agricultural needs of the farmer — information on ‘the onset and

cessation of the rainy sehson, the ?xmr; imple mathod will
suffice until topical Hetcorologlc{ Lreachies such a level

that a more précise prediction may be necessary.,

—3%r

The methed which has been applied in Nigeria with
falrly geod results may be extended te other parts of
West Africa with identical climatic pattern as Nigeria,
This recommendation is based purely on the realizatien
that In most parts of West Africa, more than about 90
percent of the annual rainfall is produced by squalle
line activities in West Africa {Trewartha, 1966),
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PART 1Y

————

EAST AFRICAN MONSOON SYSTEM
e AN DIo N
1. INTRODUCTICN

S0 far we have considered ope part of the African Monsoons -
the West African Monsoon circulation systen' . In the following
chapter, we shall treat an imvortant monsoon featurw - the Fast
African Monsoon System (EAMS) which is in fact a part of the
Asian Monsoon System, In thig treatment we shall discuss the

the East African sub-region and at the same time highlighting
the peculiarities of this very important Monsoon eystem in Africa,

2, FRYSICAL FRATURES CONTROLLIR: THE MONSOON SYSTEM

a. Yhe GeoMcal Setting

In our earlier discusgion in Chapter { (See mection 4,

¢limate in some detail as it specifically exerts s strong control in
the weather and climate of Fast Africa.

Conaidering the relief features of Africa, it will be ohserved
that the East African sub=region is located within the topographical
arca desigmted an High Africa (vde, 1978; Adefolslu, 1979), This,
like the influence of the high Andean Cordillers of the Pacifie
coast of South America,controls the elimate of the region in ita
entirety.

The East African highland 1lies paralle]l to the const such
that the mainland of the subregion,extending from Lake Victoria
lowlands to the African peak of Kilimanjaro in Tanzania s forms only
a narrow strip of land with moatly of f-ghore winds most of the year
in many parts of the region. This, in faot, makes the climatic
peculiarity we obaserve in Eastern Africa, The Exgt African highlands
narrowe the coastal Iowlands so that 1t fimally pinches out just
north of Iake Victoria in Southernbgandsa. This is evident in Fig. 44.

As a remlt, X most impressive climatic anomaly i oboerved
in Enst Afriea,particuhrly cohtrolled by torographic features of th e
subregion, Thie olimatie anomaly ig in the form of o widespread
deficiency of rainfall in traopical East Afries (Trewartha, 19663
Ogallo, 1981, Ckewola, 1983), To sn umusual depree, the restricted
area with geminely humid olimates in Fnst Africa following
Thornthwaite's (1948) classification system, coinciden wit. tne
uhigher elevations, Along the whole of East Afsica borgering the
Indian Ocean - from Cape Guardafai at about 12 8 to 30%s, considerably
lees than half of the coastline, has aas mush as 102mn of anmal
rainfall, while only three relatively short stretches of the coast
may be classified as humid, following Tho ite's classification of
meiature regions in Africa, +

b. The Climatic Pattern

-9 -

Loen ey,
East Africa w'ke described as & reglon with, - - striking
climatic features %+ ~'H

ie climatic characteristics which are greatly determined by

topogra; of the region as discussed in Section (a) stove, . clism . te s
oy o Manpir tE lacfoery 1 orlen rmt)

very umagut snd = S

ound in Weat Africa. Imste ywhat is observed .

B

Rainfall in East Africa, eespecially in the western interior Convfen bofs.

parte, ocours in association with irregular incureions of unstable

sir from the Congo Basin = the mo-called Congo air mass !Seg_ F;; N1 ')

. There 1s a corridor of wet climate along the coadtal are
and tnie reflects the tqpographical features of the area. .

Distribution of rainfall is very difficult to deecribe, This
is because a clearly discernible synoptic pattern for rain prevailing
systems im also conplica.tﬂ. ‘R;tg.xmple, north of the equator,
areasof  higher elevation': he ‘sites of heaviest rafnfall,
Humid climates are found in barte of the constal lowlands while
dry Savanna climate prevails over the Kenya=Uganda highlands.

Genuinely arid climate aye lacking south of the equator, except a
few areas in Eaatern Kenyn. In contrast, dry sub-Mmid and semi-
arid climatea are widespread both along the west and in the interior
plateau of Kenya. The highlands provide necessary trigper action
for precipitation syetems which ere orographically induced in most
cases,

The moisture tranaport into Kenys is controlled by the

Mascarene Migh preseure and it has been observed that an intensification

of the anticyclone gererally oauses a freshening of the South Easterly
Monsoon in Fast Africa (Okoola, 196%). An important evidence im

thia connection is that there is a relationship between the intensity
of IPCZ in East Africs, though highly diffuse (Trevartha, 1966) and
the extent and intehsity of the pemi Pemmanent anticyclone in the
South-West Indian Ocean, Sansom (1955) has, for example, reported
that the 8, E, monsoon vhich brings most of the moisture into Kenys,
wsto a large extent controlled by the Mascarene High. He further
studied the relationship between 6easonal rainfall over Central

Kenya and the sea-level pressure changes {the Z4~hours pressurs
tendency values) for the Preceading three months at stations located
to the north and south of Kenya. His results indiocate that seasonal
rainfall was above . average of the normalized pressure departe
ures during the three months preceeding the rainy season,

Also evidence has been entablished for a mid-latitude influence
on the climate of Eastern Africa, For example, Lamb (1966) in his
study of the disturb-pges causing rainy season along the Fast Afriecmn
region during May, has: dSsociated Tainy periods with the remnants of
cold fronts that “Intride into the southemtroples, The effect of
cold air surgea into the Mozambi1ue @hannel i to sharpen the coaatal
ridge located to east of the Malagasy republie,

Findlater (1974) has observed that during periods of the Fast
African Low-level Jet, rainf, 1 occurs to the Fast Africnn coast

(near the Fort of Mowbosa )'Close to the nosition where the jet approaches

the coast. Also Findlater"(1972) and Ckoola (1982} have reported that
the low=level Jet core found near the 850 hpe level during : . northern
dummer is assoeiated with horizontal velocity convergence and not
Telated directiy to the Tz,
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Abnomally wet conditions over most parta of East Afriea are
asnoolated with westerly winds from the Bouth Atlantic. 'The dry zone
of the seml-arid area of FKenya and Tanzania which is always under
the influence of low-level diffluent monsoon current {M,E. Monsoon
during - southern summer and S.E/S.W monsoon during northemmmmer), o ﬁ,-“.
This sone receives most of ita precipitation during occasions of '
intense ITCZ activity, "The month of January is generally dry in most
Parts of Fast Africa emcept perhaps southern Tanzania, whereas Aipril
is a peak rainy month for a greater part of the subregion., There
8re two major rainy periods in East ifrica. These are. (a) the Long
Rains: Merch = May and (b) the $hort Rainsr Cotober through Deoesber.

Seasonal rainfell variations over Biuatorial Africa as well as - ' .
other P.'ugtorial regions the world over, are controlled for the

largerpart iy the behaviour of the ITCZ, This iz in terms of its intems-

sity, location and width. Adecuste rainfal] {or lack of it) over an

area which is affected by the meridional movement of the ITCZ in genernl )
¢an be ascribed to an expansion (mpresaion) of the area covered by

the ITCZ or an enhancement (dimination) of the moimture convergenoe

(Obasi, 1964) in such an area. The non~randomness of rainfal) in

Africa in general (and in East Africa in narticular) calls for a clomer

look at the large circulation ratterns that will uninuely charsoterise

rainfall ancmalies of g particular area, But the absence of a well

defined Easterly wave syateam in Emst Africa due largely to orogra~

phic foreing distorta the rainfall distribution and hence the olimate

of the region, '

3. Explanation for (beerved Climatic Fattern
¥ow that we have surveyed the olimatio pattern of Emstern
Africa, it 18 necessary for us to examine briefly the atmosvheric
features assoociated with the observed climatic pattern, Pirstly,
the presence of g large body of water - the Indian Ocean = lying
approximately parllel to the Fast African subregion meridionally, as
would be expected, should btring . . molsture into the highland region L )
of Eastern Africa, Rowever, observationa] evidence pimply indicates ~.... - .
that thevtwersg is the case - in which the two principal monmoon 0
circulation systems — the M. E. and the 8. E. monsoons fail to bring
sizeable amount of moisture into the ares, . :
L
What then is the cause of this apparently dry ares in ﬁmtorhl
region of Africa? According to Trewartha (1966), the origin’of the
general rainfall deficiency over Emst Africa may be attributable to
Beveral causal factors. Topography and the low-level circulation
features of the tropical atmosphere are to the greatest extent
responsible for the observed low rainfall in thie region of Africa.
There ix a genersl comcensus that both monsoon systemss in the region
are divergent and subsident over extensive areas . PR
The lowwlevel flow 18 much that the wind fail to depoeit the moisture
in the area. This impliea that the dynamical Rechanimms asscointed
with rain=producing Bystems in East Africa are rather too weak to
cipitate the available moisture, In this WAY INRSTABILITY
iz not usuaily released, although the atmoaphere may be cloudy,
This is very much similar to the eltuation in West Afriom during the
neso~climatic phencmena of the Little Dry Season (Xalu, 1972) which ;
ve had discussed in part T of this book (See section 4.3)." 1 common {
characteristioc synoptic situation observable in East Africa, for
examnle over Mairobi, im the prevalsnce of persistent Stratua,
stratus~cutulus ¢cloud &enera with occasional overcast conditions
over Mairobiy during the dry season, This is the pariod vhen the
mongaone ere at their mazimum develomment. te v / f

+ atmospherie snvirdment
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A possible realistic explanation for this striking climatic
feature of Emstern Africa may be sought from the divergence field
and less w0 from the trade wind confluence in Eaet Africa. Observations
in the area confirm that low-level eirculation features over Enst
Afriea is largely divergent. Thompson (1965) points out that the )
S. E. monscon which im falrly moiet but shallow s it spproaches | Lo,
the Kenyan Coast and Tanzanian Island becomes alvuptly diffluent as
it moves inland with one branch contimiing westward acypss the Inlamd
and apreading north and south over the interior, while Jother branch
turne abruptly northwards to parallel the Somali coast.“ ™is 1s
{1llustrated in Pig, lqa; '

dnother argument which has sometimes been used to account for

the pauct of rainfall in East Africa is the capping inversion
phencmena wi has been diacusned various authors in African

Keteorology,especislly Riehl and Ma) (1958). These shallow

Nonsoon eurrents are capped by another air of different thermody-

namic characteristios originating from a different direction. :
Ses Fig. 2. The moisture content of the capping air mass im low

ard variable such that lapse rates are weak and sometimes gub-—

aident @A4 stable, subsident  with inversion . The laps. rate

may in fact bs favourable for Freoipitation as in excess. of the wat

adiabat ~ andthe moisture.slse sufficient, byfg rain ices not

occur] This ¢ i{s Prin Cé’M ‘ ‘» due to the general

ing nnt.,:v ot poet O lnrew bapiagtae.

Furthermore, the observed charactristic strong meridional

flow over Bast Africe during each of the two moneoon components

is favourable for moderate rainfall. The more humid §, E, 'qg}rqglo *
bas had a long trajectory across the Indian Ocean before reach a African lowe
level Jet yhich has been discussed . by Pindlater (1969, 1971, 1969
as follow, this tmjectorz. However, the drier northerly N, E,
RONAGON h.‘ a more meridibnal trajeotory both over the coean and over
lard areas of East Africa, The flow at timoa is such that the wimd
is rarallel to the comst. Thia is highly unfavourable to molaturs
release over the African high. The result is therefore, as would
be oxpeotu_,n much maller transport of mojsture from the ocean to

lard than would ‘be true i1f the air flow were nearly nomsal to

the coast, while at the same time the 1lifting effect of the eastward =
facing plateau escarpent is greally minimized. Ironically, . .
however, it 1s significant to note that it is during the transition
pericd betwsen the iwo monsoon syoteas, Whlfair movement is more
zonal and from the sast, that rainfall reaches iis maximus in East
l.frieu.

50
It i::ibaemd that in the vicinity of tue equator, the 3.E,

fmonsoon during northern winter tay extend up to 8000 . e 12000.
feet above mean Sva~level, but this still wmeans s relativel shallow
maritime current ower the East African Platev: whers sea~level
Pressure in almoat at the 850 hps level (505.21".1)_ As a result
the depth for convective overturning is very shallow and hence doea

not favgur the releass of moisture for rainfall processes { PRImen ’ i

and -.f\lwi-ch;ﬁbﬂmniomlly, as bas been pointed out earlier,
fferent thermodynamio

these air masss n; & higher level*yf :
charaoteristi O ilginating from i different direction, A ! |



of Mairobi, Kenya in the 1971/72 session. We

¥

It is necessary to streesa the point that the depth of moisturs
Plays & very significant part in the satual process of producing
rainfall in tropical lands, Por example, in the
coastal region of East Africa/Southern Afrios, the southerly flow
is only 1 = 2loa deep and hence too shallow to surmo t the escarp~
ment ard reach the Kenyan plateau. This explains 'Why Maircbi, for
exanple, has significantly temperate olimate and bPegetation patters,
This, in fact, reminds me of the usual emphasis of my one=time
lecturer, Mr. John Fin'oﬁ‘dewfamoun for the East African Low-Iawel
Jet (Findlater, 1967, 1972, 1974, ete). This was while I was doing
my professional Class 1" Meteorologist training course at the Universd ty
used to be told of the
importance of the depth of moisturs which will produce rainfall. There
I3 USUALLY A CRITICAL DEPTH OF MOISTURE AS MAY PE INFERRED FROM
T§ dingrams obtained from radicsond@ ' ascents, It is therefore mot

O wenovgh to forecamt rainfail eimply because of the flow field, tut « rmew
M:“""‘r(,hw deep ia the moiasture available and synoptic mechanimms (e.a.

the collision procesa) to mrecipitate the available moisture?

Furthermore, Koteswaram (1958) has proposed a meridionsl oireulaticn
pattern between equator and the heat source of the Tibestan plateaw.
It is to be noted that the Fast African monscon system is a part of
the Anlan South-West monscon systemas ke ron
) . According to the model proposed by ¥nteswaram (1958), the
Tibestan plateau, an extennive land mass of an average height of
about Akm. receives cupiove smount of solar radiatiopg during the mmmer
thereby ralsing its mean temperature to about 2 t0 3 € above its
surroundings, It therefore, mo to B8Y, becomes an elevated heat eource
generating an area of rising motion owing to the heating of the alr surrounding
it. The air ascending here spreads southwards amd gradually sinks cver
the Bquatorial region in the vicinity of the Indian ocean thereby gere-
rating a reverse flow from south to north and creating a Southewest
monscon at lower levels of the atmosphere. This mechanism has sometime:
been tagged Reverse Badley Cell and assumes the origin of 3, westerly
monsoon winds near the Etvétor. This is not obsterved. Thers is scme
doubt regarding the role ©f ihe Tibestan Flateau iteelf as the ini tator
of the monsoons (Singh, 1986),

The above consideration, ae well as the sea~bresse effaot used
somatimes to account for the West African monsoon cireulation system
do not give adequate explanation which is in ful]l agreement with obsep=
vation (Kalu, 1983). In the author's View, these theories are obser—
tiomal consequences of the monsoonal circulation eystems in the
tropics and not necessarily W causs' for the Bystem itself,

Meteorologista in meany cases have tended to emphasize the cbaerved
influences of a particular meteorologlcal phenomenam, For example, in
West Africa, earlier meteorologiots had tried to explain the causes for
the Little Dry Semson (I1DS) of West Africa in terms of 8 outatand:ng
effecti « the strong stability of the tropical atmosphere, Investi=
gationa by Kalu (1972) in collaboration with Obasi (1972) demonstrate
that this is not true. a:e Btable atmospherio enviroment usmually
aspociated with the IDS is not a cause but its direst effent {See
section 4.3d)

(‘!
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4. THE CIRCUIATION SYSTEMS

A major differeng between the circulation systams of West Africen
monsoon and that of the East African monsoon is the mture of the Intery
Tropical convergence Zone (ITCZ), In Fast Africa, the latter appears
diffuse and not clearly defined as in West a. thereby making ite
use as & predictor variable rather urnm%m in West Africa,
vhere itm appdication forma - aajor Ioreeu"'ting model in the region,
In faot, there are sultiple eonver noe sonts | Fast Africa implying
the existence of more than two wind systems, The Trade vinde are
weakly defined in association with the Easterly waves which are of
11ttle wynoptic consequencs over the Fastern African mtuu)mept p&k.r.g
further East over the Indian Ooean area, :
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and southerly surface/low-]evel

vwinds, there are also occanional invasion over Faat Africs, sspecially
weat of lake Vietoria area, by moist westerlies - the Eruatorial
weoterlies which have been properly documented by Kiangt (1984) over

Kenyn., Thef are considerably unstable and glve rime to most of the rainfall
in the Central part of East and Central Africa. This ia asscoisted vith
the so~called Congo Adr Mass (CAM}. M

In addition to the northerly

5. FURECASTTN: MODELS IN EAST APRICA
5¢1  Introduption

In view of the established relationships between eurface preasuTe
systems to the north and south of East Africa (e.g8. over Kenya)and the
weather-producing systems, East Afvican Meteorologists have routinely
used surface pressure field changes over (1) Arabia, (ii) the Mascarene
Islands, (iiigmthe South-Fast Atlantic ocean (to the east of St, Felena
Island) to give both short-range and medium range forecasts of rainfall
in East Africa . .. .. BSince thess pressure systems methods
have been variously desoribed in the literature, they will only be
ltma.r%zed here, These are - .

i) ‘The pressure temiency method.
(i1) The Johmson and Morth (1964} preasure gonfigurstion Phdsd, ‘F‘_Er
*(x) the DUCT, (b} the MIXE snd (o) EOUATORIAY MODETS.

They have received sn inoremsed applicabi) ity both in Eastern Africs
as wellgin other AYEAE of thh troples especially in regions which lie¢
- astride the geographical ecuator, For example,both the DUCT amd

the FRIDCE models are useful forecanting tools for rainfall ageas of

the Easterly waves eppecia}ly in the near=Byuator sone where ‘_jsdhypees o
Frofmosis became ! less Lusthl - forecasting toolsowing to the collapee of

the coriolis pringiple, Alm the orossgyuatorial flow technique
especially in comnection with across-equatorial moisture tramsport

(Cbasi, 1864) 1 very popular in both East and Vestern Africa.

PP

{111) e Easterly wave model

T™his method does not receive a wide applioability in Fast Africa.
This is especially because of the faot that the Fasterly waves are weakly
developed in Tastern Africa, unlike in Weet Africa and the Caribbean
Islands (Rieh) 1954). East African Meteorologist
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based on this technique rather weak eapecially as 3#,};3 ratn=produsing
:y-tuu;, like lqmll-uula)-m oonoeried .

Climatol 1 techni i
[ (v) The Climatological techninue w

This method has been found very reliabl® not only in East Africa,
tut in @l f-of the African tropics. The method has to be used
with cautisn because ¢limatological fields themselves have been found
in & mmber b cases to exhibit some signifioant variability,

(v1) LongwRanke Weather Forecasting. Technique

This type of weather forecast 1s astiil in  ° infaney in
parts of the tropice end Fast Africa is not an expeption in this
respect, BHowever, the Commission for Atmoepheric Soiences (GAS)
Working Group on Tropical Meteorology has strongly reccmmendsd ap
increased interest in the practice amd application of long-range
Weather Porecasting remearch, It is interesting to no Bumb:
zational Services in Africa attended the » last CAS lodg-Bange
oourse in Sofia, Bulgaris rrecesding the 9the Session of CAS in
October, 1986,
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Where the ITCZ i well den%oped, this technique may prove ﬁ\rn...( ’?_ . ﬂ(._,‘ .
very useful. The major problem with it is that theTTCZ is weakly defined - . ofe -9. @ CHmS
over Eagt Africa. Unlike in West Africe vhers thers is a ¢learly Lo A4 La Cond c,(( o ev .
defined confluence sons or a surface of dizcontimity in woisture LS W72 (ot onf
content,, wind field and clowd cover, the situation in East Africa Ts ol 24
different ~ there are multiple ITCZs. This makes westher forscasting f htevra et s
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