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INTRODUCTION

Since the lirst weather satellice was Tainched in April 1960, obser.
vation {rom space of the carth’s wmosphere wnd - the weather systems
embedded in i Jas developed rapidly in quality: and quantity. Today
every part of the globe can be viewed o frequent intervals from hoth
orbiting and geostationary satcllites. An advantage of peosiationary satel-
lite observation is the vast spatial domain served Trom the vantage point of
outer space.  There has never been an observational platform with a
resolution to coverage ratio of 12 EO% as in the case of geostationary satel-
lites. Vive of these satellites can provide data on an alimost plobal basis
vvery hali an hour. With the visual and infrared sensers on the satellites
it is possible o provide coverape on an almost continnous day and night
basis. A peostationary satellice is a satelbite, the circalar orbic of which
lies in the pline of the carth’s cquator and which wirns ahout the polar
axis of dhe carth in the same direction and with the same period as those
of the carth’s rotwmion, The period of a geostationary satellite is aboar
1436.0683 minutes. Tts norminal orbit is abom 39.778.6657 km. An
orbiting satellite on the other hand can have i1s orhit as near polar as
possible. This is determined by the inclination angle necessary 1o induce
a precession of one rotation of an orbital plane in the conrse of a vear,
This cnsures that the satcllite passes over the equator ac a lixed solar time
rather than a fixed sidercal time, every dav. A perfectly polor orbit satel-
Bite will not precess. An orbiting satellie can be so placed such that
mininuim  possible period is only ninety minntes. An orhiting sawellite
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provides Inll covor e ol the carth twice adae Tran altindes Toes cnoneh
o permit pood wonnnd reolntion,

Romote sers e ol the carth’s otmosphere brom spice s partivedarly

advmtaecons i opies which s 300 aeeanie and whose Tod ares
i rchaeely spar e pepateed Tarpe i Doumae and even concepbind
caps Dond inposed bl Tindation ansresearch efforns e no
pical wenher svaems, Fonce e wenther sestems ol the tropics are not
an D aodertood s e of the extrarropical areas, The nse of sarelline
o coppnetion with i few eronnd [vised observations, Tas PI'H\-'\\L'«]
aew perspes ees B lookine o the weahor svstems ol the rrapies. The
prospects of e e of L and she desire o nnders wnd the ole
of the tropie b eneral Greadagion of the atmosphere hod motivied
special obwerationad caperiients aver the ropiaal oceans i the st 1o
decades. T the Lie sivaies focatized C'\IK'Ii]”L'H"\ in the Ill‘|\it'« W
monnted. Sl cxperiments induded the Line Isbd Experimen (LIF
1967 Tocated i the tropicad Pacilie Ckean, the Barbiados Mereoralogie
Paperinent (BOMEY 10091 the Venezaeln Forernational Meteor
Togieal and T Jogiceal oo riment (VINEIEX, 979 and TROPIIX, «
tropical fiekl copcriment orsaneed by the Russians in 19720 The suceess
of such exporiments onlv nslerscored the need for more claborate on
periments. The Global Adesplherie Roscarch Program was an inferiational
research enderram which made, as one of s main objectives, the $illieg
of tropical weaher data gaps inoorder 1o provide means of estimating the
effects ol smuller s cale topeal weather svstems on the carth’s Tarpe seal
clrenliwtion and e b iliane meaerical modelfing and prediciion by develop
e better meldls of tropieal weather svstems, More relevant o dhe
present discossion is the GARP wuls progrannne called GATE that ds
GARD Mloie Tropien! Bxperiment execoted  doving the Sumimer ol
1971 Daring the oo periment. dar were collected fram aboat one thind
of the carth's trovical hele between baiude 200 N oand Lariade 2008, Tl
experiment Tocated over the Fast Atdanie Oeeans Areas involved sevenie
swo mations which prosided 40 Ghips, Eiair crafis, a Svinchronons Meteons.
Foagical sarellite and severad TES and USSR oebiding, sawelites, The GATTL
expetiment eteaths stimdaned ropical wentber researchs Sinee GATTL,
FGOGT e CEART Cllals ol Teperpment 1 MONEN CtMonsoon Fxperiment
of ahe Todim €% s WAMEN D (Wea Alvican monsaon Bperiment)
I\.I\'i' .II\[) |n'{"1 Lot :',

I,

Beois et (v abdbe and o haps even not aporopriaie oo review e
| |

peenlte of al b o cperineents i this paner This paper diseasses 1l
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sole plaved b snetlise derived . dave o aling B0 possible o observe
coane praminent feasres of e weather sostens and dimae s over tropical
Alvico ning the excention of some ol these evperiments ond o oher
HNes.

Pienre 1oshows the essential ingredivis of 1l weather over Tropical
Miricas The Soboopical Thiph Pressure sestems, the Tropical Easterly
Jts (| lll I]\L‘ ,*'\[VT‘.ILIH | ls‘Itl']\' _]L'IS (;‘\]“h‘ ”h' z‘\h‘i(.ll] ['.1-\“1!\‘ WAVLS,
the Monsoon svstems, e Tnrertropical Disconinuiee, e sltj‘ and
ocean inlToences ol coninbore in voving wovs (o the seeather and elimane
aver the region The extent oo which olservation Trom space-hased pla
Forms Tios Bielped 1o deline the seracre of these atmospheric svstems and
intheences and the promise den saelline-derived iy Tolds for he Tt
in the raderstanding of the weather amd dimare of Tropical Afeiea are
the Tocus of this mpat o the stodyv weck

bt e W (g
o EQUATOR
o 1 Same armospheric systens whio e mofhe e weathe e cvcnre o Propsoal A
Cacapred Trome GARE S Pablcation series N 0 W il Mt bl Dl i
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Midrororoaoan Parantntes MEASURAGLE FROM Sracr

The namber o meteorolagical parsneters: measarable from space 15
only limited by e capalsilioy of (he instrument that can by mounted on
asarclize. Some of the wenther and clinate pariameters that e derivable
diseatly or hudirecdy Trom satclliteborme instruments are: cloud cover,
atmospheric protiles ol waer vapour and wemperatiee, soface albedo,
rain areas and rain wnowes, coud drilt winds, sea surlace temperatures,
estimanes of other wnmspheric constituents fike ozone, dust ete., earth
rudiation budper und some vilier weather related information, The process
of retdieving the various paramicters can not be adequately covered in
this paper. Te suleequent secions summaries of the importance of these
parameters inoweather and climare analvses and the importaace of the
paramaiers 1o the undesinding of the weather and elimate of tropical
Alrica will be discussed.

Bodh active and passive svsiems abourd sandlites ave used in the
IHCasureine i l'llr \\‘\';lLl]L‘l‘ |)(l1.||]|R‘lL‘|'S. f\L'Ii\'C h}’SlL'lllS, 1’(][' L'Xillllp]k’ l'ilk[ll]"
seied out signals which reacr with o targer and afier seaction are observed
and mensured qualinaively and quantitatively by 1he system. S:llg”ilc-
horne active systems now Teatuie promineatly in the estimation of rain-
Ll Radars which perform as scaveromerers and aliimerers are also
active sensors which inage the oceans and Lind surfaces, Passive systems
on the other Band observe and measure the natal coananions (rom the
gas and aerosol constitieny of the aimosphere or the scatiered and re-
flected solar radianion from the carth and the atmosphere. Much of the
carly vse ol ahe saellite observation has beer in the form of the visible
and infrased ingeny which were repistered by passive instruments on
satellites, Passive sensors can also detect radiation in the acar infrared.

Most of the illustrations in the paper have been obtained rom the
synchronowns mcteorolovical sarcllite (SMS) which was available over the
GATLE arca, 1the METEOSA'T t1he peostationary satellite of the European
Space Agencvd, and from several orhiting sawellites belonging to the
United States of Anerica and other conntries. Special mention needs o
be made of the METEOSAT because of its unique view ol the Arican
continent (Trom o aldtude of 36000 km) with most of the continent
being within 30" of the subpoint of the satellite and because most of the
data presentedl in this paper waes derived from its observations.

The privcipal pay load of the satellite was a multispectral radiomeler
which had two identical adjwcar visible channels in the 0411 um
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spectral band, o thermal infeared channe! in ihe 103129 v Dand and
atinlraed warer vapour camnel in the 5.7-70 jun band. The witler
vanour band is normally operated i place of one of e visible <hasncls
and becanse of dhai, two possible sets of insages are available in any
thiviy mioute period: images with 2.5 ki resolution in ihe visible
channel and images with 5 km resalution in the iufred clunnels, or
inages with 5 ki resolation in the visible channel and a5 ki resolution
mthe infrared channels. The later set of niages was used inothe resufis
presented in this paper. METEOSAT-T was also part of 1the global ner-
work ot five geostationary metcorological satellites plwed arond the
vtor b intervals ol approximacely 707 Jongitude 1o penerate cloud
miges during the First GARDP Global Experiment (FGGLEY. O interest
in the preparation of his paper were observations from two of (he other
Ive sawllites: GOES-T and GOESE in orbit over the Indian and the
Athantic oceans respectively. GOES-LIE was 2 replacement fur the SMS.

Croon Covir Ovik Tropreat Arvrica

A striking Tavare of any satellie imagery of the Eareth in the visible
or infrared band is the presence of clouds. Satellite obseryed cloud cover
ol weather systems provided the first clues 1o the three-dimensional
structure of the atmospliere. Clouds indicate weather processes. Confi-
gurations of cloud patterns often refloct the motion of air thar carried
them. Repeated ocearrenee of certain types of clonds ofien indicates 1he
trequency of o specific set of atmospheric condidions that are responsible
tor the clouds. Apact from indicating weather processes, clouds also make
mipact on global weather in two mmpartant ways, through the albedo
elfcer and the preenhiouse effect. Because clouds are cliicient scatterers
of solar radivtion (809% can be elfectively reflected by clowds a few
hosdred meters dhick) inereased cloud cover means increased amount of
the toaal solar radiantion scattered and less energy to be absorbed by the
carth’s surface. This is the albedo effect. At thermal inlrared wavelengths
clonds are cfficient absorbers and so infrared radiacion Trom the carth
surface s absorbed and reradivied downwards by the clouds so that the
temperatie of air near ahe carth sueface increases. This is e preen-
hounse elfear. There is a complex interplay between these two effects
bat recent investigations indicate that the cloud albedo eteet is dominan

Starting with obscrvations from the carly pencration of satellites
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(e TIROS series 196019606, ESSA - series 1966-1969) 1'('%“;%1.'(']1:1‘3”:}l"
tempted 1o compute average clond L‘U\'AL'I’ over the earth hill'f‘:lu_' (f ;lf. t\I],
1968; Tavlor wnd Winston, 1970} With -.\‘lsl)SL'lf.EIL’Hl pener ion “,| S-li‘L‘-‘
lites, i owas possible o studv the lmh:l\tmuPr ol I.;u';:r M‘.rlE{‘ ‘Lllhll\l ‘.1;17({)5-1
in Teopical clondiness iBalosun, 1972, 1975; Fanpvil, I‘J? 3. Chang, l ;
Revoaelds and Vander Thuar, 1957 Yanai and I\]Lll'fl]i;ll]il, 1970: Wallace,
1971, Wallace and Chang, 19725 Martin and .\‘rlncln_vr, tust and ut"'\?rsli
Despite the anremitting rescarch effort l}.“l nagure of the Tarse scale ¢ (N.itr
ficlds over the tropics and its relaionship with the farge seale wave kllv.‘v
trbances fave not vet been clearly undesstood. Faen spvf'lml ;HL!JV.\I‘;
of 7 Hloud Tickls only succecded in piving approximate estimates of the
space and e seales of these distarhances. o o

Tigure 2 shows an infrared maeery ol clond orpuntzation veer Atrica
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Drom METEOSAT I The hand of coudiness over tropical Alrica is made
ap of cloud svstems in differen seales of crmanization. In the [eHowing
subwections,  turther discussion of the varioas soales of «Joad vreiization
over trepical Alrica will he presented.

Mean Cload Corer

The mean clondiness map prepared e Sadler (19751 shows similar
featares to the map shown in figare 3 cven though with less details, os:
pecially as it concerned the Tand area of West Africe. The mean cloud
cover shown i the Tigure was Tor only 32 davs at the peal of the monsoon
rains over West Alvica. The source of dara is the METEOSAT and the
method of estimating the clond cover was that developed by the author
{Balogun, 197731, T'he sipnificant {eatnre of (he map is that there is a
zone of maxitom clond cover some 00 ki ol of 1he sueface position
of the Tatertropical Discontinuity (FT1). The sirlaee of transition be-

SN
15" N
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e 5 Mean dodd vover i temibes (o 1 he perionl T L e Napest 1l 1979, [TENERRSE
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Lweenn e Tnoist monseon i streant and e div aie sass o the ‘S‘dll.ll.l
is known s the FTT sirlacc The inersection of this surkaee with 1he
pround bas o nigrating position Lotween bt 4”-(‘:"-N (1 J.lllH.Il'\")l -.m.d
Lat, 22725 N (- August). The northernmost position ol the 110 s
trercfore observed wonnd the middle of Angust amnd e that tme, ithe
slope of the TTD surdace is abont one in bive hundred.

That the zone of masimonn cloudiness is not eloser 1w the surtaee
pusition ol the FID than ivis as reveahad by the satellice is noy Ll‘]“’l(l‘lil
to explain. Near the grond position of the T, the dyp}h ol e moist
Yaver is snll and vertical development of clouds is inhibited by the dry
Saharan air aloft, However, that the zone of coudiness did ot extend
further sowth than it s, given the Tacr that the mokstare LlVL_':‘ is dt?cpcl‘
w0 the south, cannot be vasilv explained. That this zone of C]nlldllk’hh‘
marehes north and south s nicared schemanically in Figare 4. Zone C
in the figare conesponds to e zone ol naximum Cll)li-l.i‘lll\.‘.\h in Figure 3,
Figure 4 was composed bythe auihor from conventional data sousces,
tother carlivr authors, notably Thamifron and Aschibold, 1945, Walker,
1958, Advjokun, 19606, bave identificd simibar zones), and it illtlbl[.l.lcs
how the zone ol waximam clondiness stults in the weridional direction
during the course of the year over purts ol West Advica.
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Fio, 4. Maidiondd sariation ol te T posion ac ahoat Jongiinde okl and the wuather
wones over Moperia.
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Clond Cluters

The mean cloud cover over an wrea does not give an indication of
the various cloud organizations 1hat constitute it. Figare 5 shows the satel
e dmagery from the Dedence Mcteorological Satcllite (DMS, Unired
States Government). The pieture shows various clouds assemble over Last
Alrica. (Picture taken June 1, 1977). A cloud cluster is Jdelimed as o
distinet persisting cloud mass (essentially of convective origing conining
very deep convection during some parts of s life, The average lite e
ol hese clusters has been found w0 be about 24 hours {Murtin and
Schreiner, 1981). With 1he help of sawellite data it has been possible
e study same characieristics of the cloud cluster. Their teacks, time of
ocearrence, their sizes have been stadied and classifiecd. To some extent
their thermodynanic structure is koown. What is sall a mystery about
these systems s the wimospheric mechanisms thar wigger them off, and
the weclanism tor their dissipation. e is siill not clear why some of these
clusters move rather slowly and some, like the West African squall lines,
nve Last Because of the importance of the West African squall lines
an major rein-bearing systems over West Adrica, they will be piven special
attention ina subsequent subseetion.

Figure 6 shows the DMS picture of the same wreas in Fipure 5 for
Bime 304977, By dha time the cload clusters shown in Figure 3 had
cenved with some mew ones just developing. The Gpure also shows very
clearly the Bast African like sysiems. Figure 7 shows the freqoency and
the time of oceurrence for cloud clusters as estimated trom sarcllite (SMS-
I during GATTEL More clusiers are observed in the e afiernoon than
at wnv other tine of the day over the West Afvican Jand areas while a
bimodal distribution iy observed over the East Adantic Ocen and at the
coastal areas. Figure 8 shows a schematic diagram of the distribuiion
ol various types of clusters ar 113000 on July 27, 1979, over West Africa.
That convection can be organized on different scales and with dilferent
struciutes within the same air stream s a feature of the West Alrican
atmasphere dat is sull being mvestigated.

Frgure 9 shows the vertical extent of the tops of samples of clowd
clasters ol different size categories over the West Afvican region during
luly T4 10 Augost 15, 1979, The diagram shows that the Jarger 1he
coud cluster, the more probable it s to find very wll cloud clements
within it The cload herghis and clond aveas were estimated from the
METEOSAT observations with the aid of « compurer,
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West African Sl Lo

The squial] line s an important rain-beaving system over West Abea.
The system aceounts lor more than two-thivds of the vainfall over the
Sahel e contributes substantially o the rainfall e wiher areas of West
Africa. The tmportance of these sysiems o Agricuhure and Water re-
sources mrnmagenient over the region can not be over empleisized. Syuall
lines are dilferent Trons other cloud clusiers only i their propagation
speeds and their vertical wind shears.

THEL TRPACT 00 ST Pt ORATTON 0N Sl 5 S

The Wes Atrican Squall ling system has been reporied upon by
nrchents ad by schiolars centuries ago. Tlabert (19260, Brooks (1432,
and Reguba 119303 have provided some information abown these weather
systeiy, The quest Tor the origin of the disturbances thar eventuadly
chevelop tnte hirricane and the revelations of satellite imageries motivared
severgd publications on the disturbancee over West Africa during the middic
and late nincteens sixties. Publications by Arnold (1966, 1967), Carlson
(E209, 1970, Frank (1963) and others Toossed arendion on the variery
ol systems over the Lind areas of West Africa and the adjacent oceans.
Mare recent investigation by Olori-Toghe (1981), Balosun (1981), Burpee
(1976, Dhonnear (1974), Tschirhaet (199%), La Roux (19761, Latrasse
(1972), Obasi (197+), Payne and McGarry (19773, Olutaga (19703, Aspli-
den er @l (1976), House (19773, Fortune (1980), Irank L1978y, Touree
{1979, Bolion (1981 have produced o wealth of ideas aboue 1he sequal!
hoe svstem over West Alrica, Reports [rom special experiments like the
Operation Niger ASHCNA have also provided some information. Mosi
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of the research efforts used satellite data in varying degrees. The follow-
ing characteristics of the squall line have been established or corfirmed
by satellite data:

fa) They are identificd in both infrared and visible images as distinct
coua masses characterized by explosive growth, and high brightness.

{b} They propagate generally from East to West. Most squalls
move directly westwards rather than towards the Northwest or Southwest.
The speed of propagation is between 15 ms'' and 18 ms !

(¢) Their leading edges are usually arc shaped while their edges are
generally rather indistinct and fibrous. Roll clouds are sometimes visible
along the leading edge and sometimes detached from the main cloud
systerm,

(d} Their cloud masses achieve areas about 1" square and have life-
times of at least six hours. Cloud masses could achicve a length about
300-1000 km long and lving roughly North South over the West African
tegion.

THE IMPACT OF SPACE EXPLORATION ON MANKEIND 251

(@) Squall lines forming over the West African land mass often dis-
sipate on arriving at the coast. Squall lines forming over the oceans often
differ in their orientation and direction of motion from squal! fines {orming
over land.

(f} Tops of cloud element within the squall line may grow up to
17 k.

Several classifications of squall lines as seen by satcllites have heen
made hy some authors. Latrasse (1972) classificd squall lines into two
main types depending on whether they are made up of one or two arcs.
Gurka (1976) using both visible and enhanced infra-red images identified
four types depending on the relationship of the are front to the main
cloud mass. Balogun (1984) using data from DMS and the METEOSAT
concluded that only three independent tvpes of squall line cloud structure
could be isolated. Type one is gibbous-like in structure with a well-
defined convex leading edge and fibrous at the rear. Figure 10 is represen-
tative of this type. Roll clouds may or may not be discernible in front
of the convex leading edge. Sometimes the gibbous-like structure may
exist as & doublet as shown in Figure 11. Type two is usually made up of
a long line of cumulonimbus ensemble oricnted mainly in the north-south
direction. The leading edges are not so well-defined as in tvpe one and
roll clouds ahead of the leading edge may or mav not be seen. The
impression is given of a “beadcd” well developed cimulonimbus cloud.
Fibrous exudants are also visible to the rear of the system, Figure 12
shows a representative of this type of squall line. The third type often
appears as a semicircular ring of cumulonimbus elonds in which clouds are
not as well developed as in type two and in which the clouds are not
strictly of north-south orientation as in tvpe two. Near the left edge of
figures 12 and 13 are rings of propagating convective clovds which belong
10 this class of squall line systems. 1t should be noted that convection
is not of the same intensity around the rings. Figure 12 has heen erhanced
to show the convective cotes of the cloud sysiems.

In spite of these research efforts, there are still many unanswered
questions about the West African squall lines. The important factors
which if present tn the right order of magnitude and ac the right time
within the basic flow could trigger off the chain of convection in a squall
ling are not known. Althongh there have been good suppestions as to
the relationship between squall lines and low level vortices, waves and
the 1wo jet systems (AF) and TE]Y, the precise relationships are sull no
vet known. The prediction and derection of potensial arcas of initiation
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andformation of squall lines are still difficult, Sarellie daia can still
play s significant role in solving these problems. Rapid scan observation
of the squall tine system can be used effectively to detect the churacteristics
of the system during its formation stages. Use of such rapil scan products
have so far not been reported in the study of West Alrican squall line
systems.

SAaTeLLrreE-DERIvED Croun Drirt Winns ovegr TrOPICAL AVRICA

Reports of wind measurement from conventional sources (radio
sonde, pilot balloons ete.) are usually not of sofficient quantity or quality
to carry out reliable wind analysis for weather forecasting putposes over
tropical Africa at any given time. Weather forecasts can not be based on
climatological wind maps which have heen composed over long periods
and from various sources (ships of opportunity, aircrafts e1c.). That wind
directions and strength remain the same for long periods over the tropics
s a general statement that is not totally supported by recent experiments
m the tropics. The great potential of satellite-derived windfields in the
tropics and elscwhere lies in the improvement aver conventional data
sources in both temporal and spatial resolution. Even where radiosonde
obscrvations are abundant, such observations are normally availuable at 12
hour intervals which is 100 infrequent to describe the development in
any meteorological phenomena particularly those ovcurring at subsynopric
scales. With an image frequency of one per hall-hour from geostationary
satcllites it is possible 1o estimate wind flow reliably from 2 sequence of
three images. It is now even possible to obtain an image frequency of
one image in every 6 minutes from some of the existing sutellites, Such
rapid scan images permit computation of subsvnoptic scale motions which
charactetize severe local weather events.

The philosophy behind estimating winds from ¢lowl displacements
from 2 sequence of images from geosynchronous satellites is predicated
on the assumption that if clond tracers are properly chosem and tracked
theit motion will reflect the speed of the air in which they are imbedded.
Several methods have been developed to estimate clond motion from
satellite imagery. These range from manual 1o fully auwtomatic methods.
The important steps in all procedures are: a properly aligned sequence
of 1magerics, objective criteria for cloud selections, caleulation of cloud
_ Sunooanishs: e : displacement and altitude assignments of the displacements. The various
I 13 Cloud tings om lefthan | sude methods, the assumptions usually made, and the problems associated with
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cach siep have been discussed by various rescarchers, amony whom are
Feawat and Fujita (1968), Hubert and Whitney (1971), Hasler and Smitth
(1976), Pujita et af. (1975), Bauer (1976), Suchman and Martin (19706),
Hubert (1979) and Balopgun (1982}, In spile of the enthusiasm for satel
lite-derived cloud drift wind, it was also soon realized that the data set
was 1 meteorolopically biased set, that is, such data could only be obtained
in cloudy areas. Atlempts were therclure also made 1o estimate water
vapour drift winds from satcllite measurcments. These attemipts, (Mosher,
1977; Johnson, 1979; Kaustner ¢f af., 1980, Balogun, 1982 and several
others) have been larpely successful and have provided usetul air mution
duta in cloud free areas,

Attempts at computing cloud drifv winds over tropical Africa from
MIFFEOSAT data are shown in Figures 14-19. Figures 14 and 15 re
present flow at the low levels of the troposphere (900-850 mb). Figures
16 and 17 represent flow at the mid-troposphere (650-450 mb) ad
Figures 18 and 19 represent atmospheric flow ar the upper levels of the
troposphere (200 mb). In each case, motion ficlds were computed from
a sequence of three half-hourly photopraphs from the METEOSAT. Mo
tion at the low levels was obtained by tracking low level cumnilus cloud
orpanization.  Vectors in Figures 14 and 15 represent the direction ol
low level monsoon {low and the isotacs represent the strength of the flow.
I is observed that winds were stronger on the 18th of July a the Gulf
of Guinea than on the 20th of July, 1979, Such wind ficlds, and the
noticeable changes in wind direction and strength which they can exhibit
within forty eight hours could not have been obtained from conventional
wind data. The significance of such wind changes in the Gulf of Guinea
and the southern Atlantic to weather events in West Africa is stifl under
study by the author and his colleagues at the University of Tfe, Nigeria,

Figures 1o and 17 represent mid-tropospheric flow. The important
thing about these windficlds is that they were obtained by tracking wuter
vapour ficlds. Carefully tracked imageries of moisture in the water vapour
bands (5.7-6.3 wm} ave thus capable of revealing atmospheric motion be-
rween 650 mb and 450 mb level in the atmosphere. The subtropical
ligh pressure system is very prominent in the northwestern portion of
Africa in both figures. Figure 16 contains more water vapour wind vectors
and apart from showing the subtropical high pressure system also shows
4 wind maximum (maximum of 12 ms ‘) around Latitude 12° N. This
wind maximum can be associated with the African Easterly Jer (AE])
whose core is known 1o be situated at about 700 mb level. Water vapour
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Jrift winds therclore provide a means ol studying the chraceristios of
this jet and it impact on the weather systems of Tropical Afica.

Fipures 18 and 19 e samples of the upper level wind field obrained
by tracking cirrus clowds. The subtropical high pressure systems in the
two hemispheres and the Tropical Basterly Jews (TE]) are indicated in
the two diagrams. These systems are more prominent on July 25, 1979
than on July 18, 1979, These windfields have been computed from
MLETEOSAT Jdua.

AL this juncture somce relevant questions may be usked. How ac-
curaicly can the clowd displacements represent the wind? How accurately
can ditferent eloud trackers reproduce the same set of winds? How
internally  consistent are these diift winds?  These guestions have
been addressed by some rescarchers referenced cardier and the conclusion
is that flow ficlds obtained by tracking cumulus and cirrus clouds ap
proximate the flow at the Tow levels (900-850 mb) and u the upper levels
(200 mb) 10 within the accuracy of currently available ground truth data
(that is data Trom raw-wind system).  The vror characteristics of water
vapour drilt winds ure still being determined but the initial results of
compuiations are very cncouraging.

Estimares o RANGann rroM Satierires Dara

Publications by Martin and Scherer (1973), Baurret and Muartin (1981),
Atlas and Thicle {1981) have reviewed the different stages in the develop-
et of precipitation measurement from space. The problems and prospects
of monitoring rainfall Erom space were fully discussed in those publications.
Attempts are often direcied 1owards achicving two  poals, namely: 10
delincate accurmely rain areas from satellite imagery and w wake quanti-
tative estimares of rainlull from saellite radiance measurements. The suc-
cess i antaining the (st goal is impressive but in spite of some encouraging
results, there are still major obstacles in the way of achieving the second
goal. This is because most of the results obtained so far rest on uncertain
assumptions.  Satellite-derived rainfall estimates however hold promise in
providing dua for rainfall inventories, droughis and {loods, water resources
managenent, crop growth and production et

Barret (1980) has developed a cloud indexing method to monitor rain-
fuo o om satcllite imagery over some North African countries. This method
establishes cloud indices for all significant cloud cells obscrved in satellite
images and 1elaed conventional observations. These methods have been
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used operationally with some success i some conntries. Resulis of the ap-
plications of this method for rainfail estimation over the Sahel and sontl ol
Suhel s not available o the author and therefore its suceess or Latlure vver
such areas can not be discussed in ths paper.

Barrer (19701, Woodley and Sancho (1971), Kitonsky and Ramage
(1976}, Scoltickd and Oliver (1977), Stout ¢l al. (1979), Barret (1980)
have discussed i detail such echnigues as brightness technique, cloud
system lile history echnigue, highly reflective cloud rechnigue, thresh-
holding technique, cloud indexing technigue, parameterization technique
cte. Some of these can only be applied with confidence over the ocean
areas and some have been tested only in the lemperate regions without
consideration for the special circumstance ol the tropical land arcas. Dif-
liculiics in organizing rainfall data from conventional sources and almost
complete absence of useable radar data needed has retarded the process
of developing a scheme for estimating raindall from satellite radianees over
the counteies around the Guinea coust. Preliminary investigation by the
author (see Figures 20 and 21) using rainfall figures from rain gaoges wod
clowd cover estimates from ESSA satellites over Nigeria for the coustal
stations (coast 10 Latitude 10° N) and the inland stations {(Latitude 10°N
o 14 N) indicate that while an association between monthly mean rain
il and cloudiness may be obtained for inland stations, there may b
considerable difficulics in drawing such conclusion beiween rainfall and
clowdiness for the coustal regions, Most of the precipitation indband 15 from
convective coud, Precipitation along the coastal arcas is {rom both
conveetive and non-convective clouds and variations in clowliness do not
necessanily follow the variations in mean rainfall amount. Corrent efforts
are bring made 10 establish some relationship between clondiness und rain-
fall using data from the METEOSAT for the West Alvican land arcas.
Of interest at the University of Ife also is the cstablishment of rainfall
nventory for the West African Squall line system using data from the
same satellite. Progress on these projects depends on availability of funds.
Such investigations should prove useful to agricaliural and water resourees
management aver the repion.

SATELLITE STUDIES OF THE AFRICAN EAstEkLY Waves
African BEasterly Waves or simply African Waves are the wave-like

disturbances  which  propagate  westward  across West Mrica and  the
Atantic Ocean. Farly observational studics of these waves by Arnold
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(1966), Cuolson (19691, Frank (19700, Burpee (19723, emplasized  the
importance of the wave system to 1he development of tropical cyclones in
the Adantic Ocean. Frank (1970} has shown that as many as hall ol all
Arlantic “Tropical cyclones develop from the Afsican waves, More recent
studies by Birpee nd Dogdale (1973), Balogun and Tecson 11979), Ren-
nick (19761, Reed cr a0 (1977), Thompsan ot o0 (1979), Adbignor and
Reed (T9801, Spencer (1981 focus attention on the oripin, structire, and
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enerpy transformations of the wave system as it moves across the tropicas
African region and the Atlantic Ocean. In most of these studies satellite
photographs have been used i conjunction with conventional data. Burpee
(1972) suggested that the waves originate a1 700 mb level near [Longitude
30-35° 19 and that the waves are most intense at about Tatitude 127 N, Later
studies show that the waves amplify mainly between longitade 010" F
and that the waves do not have the same structure in their course. The
waves are known to derive their enerpy (rom the bareclinic and harotropic
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instabilities of the mean flow. The formation of these waves is tied to
the presence of the AlL). Waves form in the zone of cyclonic windshear
on the south side of the jet axis which itself is located north of Lar 12° N.
Waves intensity as they propagate across West Africn with a period of 3-5
days @ mean wavelength of 2,500 km and a westward phase speed of 7-9
ms ' The importance ol these wave systems o Tropical Alrica is that they
modify weather events over the region,  Convergence and  precipitation
feature prominently ahead of the tough line of the wave system and
syualls are known to develop in that scction of the irough.

Composited satellite data have been very helpful in understanding
the wave structure. Figure 22 is a time latitude section of SMS infrared
pictures at six-hour intervals from Scptember 8 10 Seprember 16, 1974
This mosaic is composed of longitudinal recuangular strips five degrees
wide and centered w 23,5 W near 10° N and extending trom 107 8 10 20" N.
Superimposed on this mosaic is the 700 mb wind analysis of obscrvations
from ships along 23,5 W. The heavy solid line indicaies the wrade wind
contluence zone, and the trough axis appears as a heavy dushed line.
Figure 22 is an illusiration of how satcllite imagery could be used to
clucidate an avmospheric event.

SURFACE ALBLBO MEASUREMENTS FROM SATELLITE DATA ovir WeST
AFRICA

The recent or mare properly the on-going drought conditions vver
the tropicat Alrican region (Sahel, parts of Sudan, Ethiopia, Somalia, c1c.)
have engenderad considerable interest in the climate of desert and semi-
desert regions of the world awong various scicatists in recent times. The
social, political and environmental consequences of the drought have been
discussed by Glaniz (1977 ab}) and many others. An imporiafit aspect
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of the discussions on the drought condition is the role played by man in
bringing about such conditions. Ty is believed by some scicmists: Charney
(1975}, Berkotsky (1976), Onterman (1977), and some athers, that the
drought situation over the desert regions of the world may have been a
result of inercased surface albedo over those vegions and that the increased
abedo could be traced to man’s activity in the regions. The reasoning
poes as follows. As a result of overgrazing and other poor land manage-
ment practices, these semidesert regions are further deprived of the
little vegetation they have. The reduced vegetation leads o increased
albedo, The high albedo means that more of the solar radiation that
impinges on the carth surface is reflected back to space. This leads to
4 oot radiative loss over the regions relative 1w its surroundings.  The
atmosphere near the ground cools and sinks. Sinking motion in the
atmosphere is not conducive o the growth of clouds and becanse of the
reduction in cloud formation, there is also a reduction in precipitation.
There are a few scientists who hold contrary views but the weight of the
opinion is in favour of such a theory or a slight modification of it.

The Sahara desert is currently the world’s largest deserr. 1t extends
from the Atlantic Ocean 1o the Red Sea. The Sahelian region extends
from west to east and lics at the southern poriphery of the Sahara desert.
It receives a lony term average annual rainfall of between 200-600 min.
As i s a marginal climatic zone it s subject 10 @ wide variation of
precipitation in both time and space.

The Sahelian region encompasses six countries: Senegal, Mauritania,
Muli, Niger, Boutkina-Fasso and Chad. The saiellite therefore becomes
2 useful tool in monitoring atmospheric cvents over the region. In
particular, computations of albedo variations over the region between
1967-1974 from satellite data have been carricd out (Noron et al., 1979)
using SMS-1 imageries. The unexpected finding from that investigation
which has been confirmed by observations from Landsat is that over-
prazing from arid and semiarid regions has a tremendous impact on
incrensing surface albedo. Figures 23-25 from Norton ¢f al. were computed
from SMS imageries and confirm that satellite daa could be used o
monitor albedo changes over a large territory.

It should be noted at this juncture that apart from using satellite
data for estimating albedo changes, satelliie data is alsu becoming very
useful in documenting incident and net solar radiation for agriculiural,
weather and climate monitoring. The existing ground-based pyranometer
neiwork produces very limited information on net solar radiation estimates.
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Fesmerrature ann MorsTorn: PROPILES FROM SATELLITE SOUNDINGS
ovir Troricar Avrica

Even in the parts of the world whete tadiosonde facilities to measore
temperature and maisture profiles in the atmosphere are relatively abun-
dane, observations are made, probably for economic reasons, once in twelve
hours. Radiosonde Tacilities over Tropical Africa are (.(.‘,\V and far he-
twe. Obscrvations are usually made once a day at most of the radiosonde
stations if at all. Maps showing temperaiure and moisture fields over
tropical Africa for weather forecasting purposes are therefore difficult to
prepare. Climatological maps have limited wse in weather forecasting.
Some examples of estimates of moisture content and temperature profiles
over parts of West Alrica computed from satellite Jata are presented in
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Vi, 24, Seasowral surface albedo chanpe over the Sahel (afrer Norten et af., 1979}
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this paper to illustrate the fact that satellites can provide such information
on an operational basis if the facilities and 1he manpower are available,

Literature now abounds on the theorics relating satellite radiance
measurements to the temperature and moisture Jistributions in the at-
mosphere. Details of the various methods used and the difterent stapes
in the development of the methods can be obtained from Kaplan (1959},
Wark and Fleming (1966}, Malkevich ef of. (1969), and in more recent
publications by Smith and Howell (1971), Smith et of. (1979, Lausiston
ot ol {1979), Hayden et al. {(1981).

The concept of determining the vertical profile of an aimospheric
parameter, be it temperature, water vapour ot ozone [rom ‘il!(‘l.'ll'ﬂl radiance
mesurements, is hased on the fact sha atmospheric absorprion and trans-
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mittaney are Lighly dopendent upon the wave Tength ol the vadiation sud
the amount of the absoibing pas, At Fregquencies close 10 the cenire of
absorbing gas, o soall amount of gas resulis i considerable attenoation
in the transmission of radiances and therefore most of the ougoing
:‘;1di;1[it1|1.:l|'i.~.cs (e the upper levels of the atmosphere. On e other
hand at {requencic, which are Lar from the centre of e band,a refatively
large amount of absorbing gas is required 10 atienuate transmission, there-
ii—::l\-jcl“-n];l;,}::::cull'1‘:.;]]:.':[::::.;[:;::.)ltl._ of the outgoing radiation arvises hrom the

Horp lhcrdczunnin;niun of temperature, the appropriate absorption bands
are those of carbon dioaide w short wave and long wave infrared, that
is at 4.3 i and 15 pun respectively, and that of oxygen at microwave
!cngt])s, i i, ar wavelengths of 0.5 e The profiling of moisture
is accomplished by wiilizing the absorption bands of water vapour in the
infrared at the wavelengihs of 6.3 1rmoand 18 1 and in the microwave
at 0.8 cm and 135 em. The saellite radiance measusement in - these
sp.ur;uutl intervals depends both on the concentration and the temperature
f’l lllc.;lbbul‘llillg component. Tlhie concenration of CO: in the atmosphere
is uniform. That ol water vapour is not. The problems of remperature
retrieval are aherdlore more tractable than those of moisture retrievals.
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The radiative transfer cgquation can be writlen as,
s
K(VJ = B [V) T(‘”i] T TV: Jcl-l] - ,l B [V, l(.‘)] IIT/J'\' I‘f', .\l J.\
]

The spectral radiaee is given by Re. The planck pacdiznee at fre-
quency Voand wemperaiure T s denoted by By, ). The independent
variable x can be any single vakue junction of pressure and T (v, x} is the
{ractional transmittance of the wumosphere above the tevel x for radiation
at frequency v The subsaript 0 refers 1o the surface. The first werm s
the boundary term and eepresents the component of the vuigaing radia-
vion that aeises from the surface and s attenuated by the atmosphere.
“The other term originates in the atmosphere tsell and s weighted by
the function dt/dx. Figure 26 shows the weighting function for cight
hanocls of a sounding spectral interval.

The equation shown above requires special - treatment in that the
wiation is non-unique.  Several algorithms for solving the squation are
deseribed in ihe Heratore,

The estimation of moisture profite in the atmosphre is not as straight-
forward as the estimation of temperature profile, Tt is in fact more mean-
inaluf o estimate total precipitable water (1. 1the total atmospheric water
vipour content in i vertical codbumn of unit cross-sectional area extending
between the carth’s surface and the “top” of the atmosphere. Over nincty-
five per cent of the vapour is between the surface and 300 mb however),
than 1o estimate the vertical profile of water vapour, Detailed accounts
of the systematic approach to tetricving water vapour interactively are
now available at u few research centres in LEurope and the United States
of Amecrica. An illustration of the results of precipituble water retrieval
over some locations in West Africa prescoted in this paper has been
accomplished by the author using the facilities of the National Larth
Sutellite Service (NESS) laboratory at Madison, US.A. A summary of
the problems and the assumptions that are involved in estimating moisture
content from satcllite-measured  radiances have been given by Hayden
(1981), The main elements of the philosophy behind the maisture retrieval
1L NESS is as follows. Three channels on the High Resolution Infrared
Ladiometer Sounders (HIRS) on both TIROS-N and NOAA G satellites
are used. These channdls are specirally located at 8.3, 7.3 and 6.7 1
ind covered the atmospheric regions between the ground surface 1o about
300 mb level, Temperatore and moisture profiles are obtained mainly
from atmospheric components of the radiunce measurements rather than
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the total radiance measurement, using multiple regression. The regression
coefficients are obtained from an independent sample of current radio-
sonde measerements I'c_s;rcssml against bri;:hllwss tempetratore caleulated
from same radiosonde measurements. Surface contributions o radiance
measurements are correctly ideatified and removed, Tnothe case of retrieval
over West Africa, the regression was done apainst climatological dara as
current tadiosonde data was nor available, ‘

Fignres 27, 28 and 29 show temperature profiles at three locations over
West Afvica on Ogrober 21a 19810 Fipare 30 shows the temperare
distribution on the 700 mb surlace. Althongh vertical temperature protiles
do not show inversions characteristic of (he ammosphere over the region,
the differences between the profiles and the distribuzion of temperanes

T IMPAGT DI SPACE BXPLORATION ON RIAREIND 271

IN (MILL:BARS }

PRESSURE

so0t ~. \ ™~ o
e O\

.
\__\‘
1000 - ., BAIDGUN - tom

P kb & \ .
y0 -8p -%0 -s0 -30 I8 10 a 10 20 30
TEMPERATURE oC

Fi: 27, Vertieal disrribution of 1emperature at fat. 12.45N, long 3T from NOAAGL
antcllite messurements, 21 October TOXT,

on the 700 mb surface confirm that satellite derived temperatuee fields
can at least indicate useful temperature proalionts over arcas of interest.

Fianres 31 and 32 show the distribution of precipitable water over
parts of the Gulf of Guinea and some parts of the Sabel respectively. The
valies of precipitable water obtained  compate very well with  those
obtained from radiosonde measurements. More studies of temperacire
andd moisture profiling in the tropical African arcss need to be carried ot
so that the reliability and the errors characteristic of such Jata sources
can be established.

One also needs to mention at this point the possibility of estimating
the skin temperature of carth’s Tand and sea surfaces. The need Lo estimate
surlace energy budaets has prompted rescarch in those areas. The retrieval
poal for sea surface temperature (SS8T) of 2 rood mean sguare accuracy
of 1.0°C has Largely been achivved and SNT muaps for many ocean: areas



22 PR UICEAE A0 Ak WAL s BN LARYM SCRIPTA Y da - OB

have been produced. The potential vse ob such maps in the stady ot
upwelling processes along the Guinea Goast ol West Afrea and the
characterisiics of ocean surlaces along the coust of East Africa s immense.

There are also ou-going experiments 10 map soil surface temperature
over the Sahel with the ulimaae poal of developing the ability to monitor
soll masture over the resion. The TAMSAT (lropical  Agricultural
Meteorology using satclliie and other data) progranimne of the University
of Reading, England, has {or some time now been looking into the potential
use of satcllite and eihier diwa o aid agriculiure in the Sabel region, This
programume, which is sponsored by the Uniwed Kingdom Overseas Develop-
ment Administration, Jooks into the possibility of inferring soil moisture
from surliee wewperature derived from thermal infrared  channel  of
METLEOSAT, The TAMSAT programme also operies in collaboration
with the Apriliymet Cenve, Niamey, Repuablic of Niger.
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tre 29, Venical distribution of temperature av lat. 159N, dong 19558 hom NOAA-G
satellite  nrasurements.

The basic assumption in retrieving surface emperature from saiel:
lite observed radiances is that the emissivity of ihe carth’s sca and land
surfaces is near unity and that in the absence of cloud and atmospheric
attenuation  the  brighiness  temperature  observed  with  space-borne
window radiometer is equal o the surfuce skin temperure. Cloud and
water vapour absorption usually prohibit direct interprevation of the
window channe! data. Algorithims have been developed in various research
centres and applied to satellite measured radiances to alleviate the influences
of clouds and water vapour absorption,

CONCLUSION

An attempt has been made in this paper to discuss in a limited way
the potential uses of satellite-observed data in the understanding of the
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weither and cHimate over Tropical Africa, Sareltite observation in con
jinction with conventional observation can provide useful information on
rainfll clinology, water resources, crop survey and forecasting, Tocnst
control and droughn assessment. With the combination of such dara sources
it should be possible e carry ont predipitation impact assessiment on agri-
cuttural prodociion and to estimate soil moisture budger over a Tarpe area.

There are some pertinent questions that may be poesed ot this point,
Is it readly necessary for African nations 1o use satellite data for weather
monitoring purposes when the few conventional facilities now available
1o them have not been {ully wilized? The truth is dhat the saellite ohser
vations have made it possible to maximise the use of the sparse data sinee
the data are by themselves of very limited use. Can African nations atfor.]
satellite daca? No Afvican nation is planning to Taonch o weather sarellite
ot amy satellite in the near feature that the author is aware of . African
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nations will rely, ai least for some time 1o conwe, on obscrvations wade by
satcllites Jaunched by other uations.  African maions can use data from
existing satellites cither by an agreement with countries that own those
satellites or by acquiving the wherewithal o receive and interprer data
from those satcllites. At this time it is at least possible 10 do the laner
without too nuny formalities.

1t is thercfore important Tor the African countries 1o develop the
know-how to receive and imerpret satellite data. In the case of the
weather, it is obvious from the points raised in this paper that weather
systems over the tropics differ remarkably from those of the temperate
regions.  Techniques applicable in the temperate regions are sometimes
different from those that may be uselul in tropical areas.

Observation {rom space provides an important means of monitoring
weather systems on a large scale. H Africa should know wt Jeast what
other countries who now own these satellites know about her, then her
scientists need 10 develop the skill for inerpreting the data from these
satellites. The nced is even greater if they hope w develop satellite facilities
of their own in the luture.
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