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Rainfall in the Sahel



The IUCH ~ the World Consarvatlon Union — has
published the IUCH Sahel S5tudics 1989, as
part of its Sahel PFrogramme. Running to 182
pages, the Sahel S$todies includes sections on
Ralpnfall, Population, Food and agricultuzral
production, Conservatlion arsas, Agricultuaral
prices and natural rescurce mnanagement,
Sustalnable developesnt, Supply apnd provieion
aof £lrewood, and Frastoral land btanucre. The
report provides reviews of recent research on
gustainable development issues by leading
experts in the varions fislda.

Undcer an agreamant betwean IUCH and IIEDR,
Haramata is publishing four edited papers
fFrom the Sahal Studies in the Issuas Envelopo
sories - kwo in asach of the Soptember and
recember igae editicens. In this Issues
Envelopa are included papere on Food and
Agricultural Productlan and on Ssheoelian
Rainfall. The oclaglnal vecsilon of the
Agricultura and Food paper was written by Dr.
M. Horfon-Griffiths formerly of IUCH, Ralrabil
and that on reainfall by Dr. G. Farmer of the
Climatic Research Unit, University of East
Anglia, UE. Haramata has been responsible
for the edifting of the original tewt.

Copies of the full IUVCKH Sahel Studiez 1009
are avallable in Enalish and French and can
e obtained from the IUCH Publications Unit,
Z213¢ untingdon Road, Cambridge CR3 0DL, UK
(price UKetg.12.%0 ar US525}.



1. Intraﬂuctinn

This- ispues Paper 1= cﬂncerned w1th ralnfall variatiuns 1n ten‘f;'
sul-faharan countries that can be- clasged as lying within the .
Sahalian region. The ten cﬂuntrles are Seneqal, H&uultanla,: o
Mali, Burkina Faso, Higer, Ehad ‘sudan, Ethinpla, Djlbputi #“nd
Somaliz. o

The Sahal regiun of hfrlca, the semi arld area -td the snuth ﬂf_
the Sahara, hkas experienced a wvery pronounced’ “limate annmaly"
over the last twenty years with wldespread,. below-hoxrmal

rainfall. Tn the weztern half of the Tatitnde band, evary’
sezsonal rainfall total. singe 1%68 has been below normal. In
such a cape it is difficult, as will be shown below, to know just.
what ‘normal* is. For the purpase of thls paper, hnweuer, we are
usiny as a. reference period the international Etanﬁarﬁ jﬂ-year}
period, 1331-560, or the 51m11ar 1ength 194170, .

GFiven the marginal nature of the reglun “in terms ‘of 1t5 raLnfall
amounts and conseguent agriculture and pastnrallﬁm. any deficit
in tha primsry resource of water has immediate and potentially
disastrous effects.

Fur Example, 22 African ccuntrles Experlenﬂad fﬂﬂd shnrtages ﬂr.
shaortfalle ag of -October: 1984, . shortfalle that. are clearly .
related to the extreme, drﬂught of ; 1984. An sstimated 250 - -miliion
people were affected at .that time.. All of the Sahelian band of
countrias undar  study here, in copmon with other semi- ariﬂ,
regions, were. affected by this climate anumaly‘. '

3. Tempdr&l vﬁriﬁtinhﬁ at the Eégiﬁnal_&qalé .
2.1. Data sources ' -

Huch wnrk has been, ﬂarriﬂﬂ nut on hlﬁturical and earller {lmE- L
palaep—climatological) .records of raingall in the Sahel.- This is -
reviawad by Farmner and Wigley (1585). The present pRper. i3 ... -
concetned with the period of instrumental rainfall measurenents.
The monthly rxainfall data usad hore come from four mpain sSources .
cnmplled regianally and internatiﬂnally i1}*=_.. T
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2.2 Data reliability

With g diversa #set of sourceszs, opne nust first consider the
guaations. of data reliakility and the honegenelty of individual
rainfall zeries.

Almoet -2l] data banks contaln sxamples of differEnt kinﬂs i
arror.  Unfortunately, 4t 1lg virtuslly impossible to detect and
correct - Yhesa - errnrs, exceapt -in Yhe most extrems [and therafors
mogt lmportant) ‘cases. It nay - -be-asked thepn- Lf any confidence
¢an ke placad @an- reaults from. analysis. ¢f thege data. Tha angwer
to this guestioh ie *yes*. sSince the éerrors tend to be random in
2ign and to oceur randomly in. space -and time, spatial averaging,
AB usad hare, wlll minimlse tha affacte of pach errors. - :

2.3 Method of analysais -

A dascription - ia glven hare of how the time =merias graphs are
derived.  Having defined a particular area and a particular
geason; say May to Qotober, the scasonzsl rainfall series for -each
statlon in The aren it first normailieed (2% . Having nozrmalized
each station with respect to.the game refersence period, a spatial
maan - -reinfall anomaly is Ffound. by averaging the values for all
setations with deta. - -

2.4 Western:.end Central Sahel

Regional tilme seriez have been derivad for wastern {Figure 1) and
cehtral Sahal (Flgure 2j. The rainfall asason chosen runs from
May tao October; while the geographical boundaries are betwean'

10 . N and 15 ‘R letiftude. for both reglons, and 20 W to 10 B fox the
western Sahael and 10 E to 40 E for the central Sahel. Those
poarts - of Prthiopia, domalie and DYilboutl which lie cast of 40 E-
cannct be grouped with the central Sahel region because of tha
different tlmings of thelir ralny saasons.

Taking the westorn Sahel first (Figure 1), the run of deficit
years since 1568 is readily apparent: It should also be noted
that the 1950 wera genarally wetter that the 1541-70 averadsa,
This was aleo. a period of increase for both human and. livestock
populations. ‘Tha early twentieth century was alsc a relatively
dry period, with only 1905 and 1909 being above normal Iin &
Zl=-vaay pariecd. This dry event is almost comparable with the

paricd =inca. 1955.

A viaual inspection of. Figure ‘1 shows -what appear to be
guasi-periodic. fluctuaticonsg in the westsrn Sahel in A tine scala
of -arcund 50 years. Howaver, a 40-60 yeaxr periodicity in a data
series. that iz .only 67 years long, whlle it is a resl
characteristic.of this particuler set of mumhers, has-absolutely
no . practical zsignificance or wvalua. To use a pericdicity for
predictive purposas we-would need. at leéast five or six conplete
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cycles before we could be certain thet it was not merely an
&phemﬁrﬂl foaturs.

The central Sahel (figurn 2) also shows dryness in the early
twentieth century centred around 1913, buk for a much shorter
pericd than in the wastern Sahel. ({(Hote that tha drought of the
19108 wAS A wory radl and quite widespread Event]. The 194308 ar
not as wet as in the wast. The recont dryness in this regaon
etaried earliar, in 1965; buot i= ﬂﬂt as sovere a8 in the westerr
case. . _ ) S

2.5 Ehaice af mean perlad

The graphs in Figures 1 and 2z use 1941- ?D as thE base or
reference period’ for normalising. The apalytical methed, used
howewver,. can take any time pericod asm lts base. :What thea’ graphs
repreaent are relative differences from year Lo yeRr and these
would be u;rtually the game whatever basza parlod was usad. It i
1nfarmat1ve, however, to recalgulate using a moere racent) drier
pericd as the base. - Figure 3} uses a4 shorter base period of 19&6¢
to 1987, :the driest perioed. With the drier 1%58-27 base pericocd,
there are more values apove the zero Line. The axtrame drought
pariods arcund 1913, 1972 and the 198B0s ara foréd clearly
highlightad. L . . . :

Although the cholge:of. . a bage. perjicd does not affect tha actual
"rainfall amounts, it can, as is shown here, make a graat -
difference to how a particular ancmalows pericd is percelved.

3. - Within Season and Region Rainfall Variestions

Wa now reduce the spatial and temporal scales. There are markec
gpatial variations in the pettern of rainfall wvariability,
investigated here by the use of national rainfall series.

In reducing the temporal =zcale, it.is well known that the dedlir
in the seasonal (Hay to Cctober) .totals has heen concentrated ir
cartain months, thoogh here too thera are spatial varlations. 2
combination of. these $patial and temporal fluctuaticna also
presants us with more detalled informaticn abﬂut the posfaible
inpacts’ uf thﬂ varlatlﬂns in rainfsll. -

3.1 Hatiﬂnal Eariea

Of tha six most westerly countries of the region (Senadal to
Chad), it is Senegal that shoews the greatest defioits in recent
yaars (with tha recent deaficlt pericd keginning arcound the aend o
tha 1%6Ds). A similar start date can ke seen in the data for
Mauritania. DBurkina Fasa and Higer show largae deficits around
1913, egual in magnitude to their recent deficlts., Daficlt yenr.
that grart earlier in the 1960= can be =meen in the series for
Mali. The Sudan series shows wuch the same pattern as thoge
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countries further west.

In the two zeries for Ethiopia, the early, Belg, trains ars In
contrast with the main season, Kivemt, rains in recent years,
While the Kiremt totals have shown something of a subdued -Saheal
picture’ of deficits, since tha mid-1960s the Belg rains have
baan favourable in the 128B0s. For Somalia, neither of the
rainfall seascne shows the persisteni deficits in recant years
eommon further west. . :

3.2 Analysis of individual months

It has been sghown, mainly for the westarn Sahel, that the deficilt
in the seasonal totals has not been spread evenly over the rainy
Esason. August, the wettest month, has seen the greatest
rercentage decline, wilth September also showing a marked decline.

In Gambia, it was August and then July that showed the greatest
-relative deficits. Using regional series which extended back to
1800, Farmer and Wigley [1985) showed that, in the earliaer
droughts of the 1910 and 19408, the decline in June and July was
mach more markad that is the case with the recent deficits.

The spatial variations of the recent deficits ware analysed and a
coneiderable degree of spatial wvariaktion in the results is
apparent. The wastern part of the area shows 5 pattern of
declines in all four monthes, while eagtern areas only chow marked
and widespread declines in august and September. oOverall, there
are greater degreasas in August than in the other meonths. 1In the
extramea wesi thaere ia & coherent region in which strong deficite
in auwgust are ubiguitous.

4. Implicationg of Intra-Seasonal changes

hiter a run ¢f Twenty years all with rainfall amounts below tha
so~called ‘normal’ value [(1.e, the 1931-60 averagesg), the meanlng
of the term ‘nermal’ hecomes gonestionable. The persistently low
rainfall amounts -have led some authors o discuss whether wa are
experiencing a true climatic change or merely an unusualiy
protracted anomalyY which 1ls werely part of the natural
variability. If 'change’ 1s defined to Mean a statistieally
elgnificant diffarence in thie average values of two pexicds, then
we certainly have witnessed a climatic change. If the maan af
the 1931-50 period ie compared to ths mean of the 1968-87 perlcd
for the wastern and central Sahal (Flgures 1 and 2), the :
differences are ptatistieally significsnt in each case.

The implicetiona of this change ace not inslanificant. 1In the
planning procese, use is made of nean statistice for factore such
ag Climate, Using mesns for 1931-60 would paint too optimistid a
picture of Saheiian rainfalil. In planning for the future, it
would ba more prudent to upe means based on the last twenty years
rather than the wetter earlier period.




Ta iliustrate the effert of Using & wetter or drier hﬂSE pgrlﬂﬂ.
wa considar the FAao Eﬂmputatlﬂn of Che length of the growing
paricd (LGP, Tha LGP is an 1mpnrtant factor in the concept of
agroecological zones (ABR)Y, which in turn form part of the basis
for the estimation of pgtential {human) population supporting
capacities. The FAD deﬂlnitimn of LGP is tha duration {(in daysi
wlhien the precipiftation is greater thah half the potentinl :
evapatranspiration (PET),  with about 20 days added on at the end
of the seasci-to allow for additional evapoctransplration aof '
atored poil molsture. The railnfall means on which the LGP
calculatione for the ARE study are based are for 1831-60.

There is no doubt that an agriculturally-based classification

stch as the AEZ approach of the FAC iz of major practical walue.

However, a base perisd of 1931-680 will elearxly give an

i;er"upthLstlﬂ pleture. of careying capacitg fﬂt many parts Gf
&g Sahel. )

In tha caloulation ﬂf th&'pﬂtEhtial papulatinn supporting
capacity, onae of the firet staeps ia to use the LGP to estabhlish
what crop can be grown. An over-opbtinisltic LGP [(compared tg the
racant period) pay suggezt a preeently hon-viable crop, leading

to a tetally erronecuz populaticn estiwate. Givan that the gtudy:
arsda here ls marginal semi-arid, 8 reduction in the LEP may -even
remove some araeas out- of tha zone poteptially able to 5uppgrt orop
agricultura. .

Thus, while the approach and methudningy of AER wﬁrk iz in
esgpnce very wvaluahls, cne zhould ba wmost cautiocus in accepbing
any implications bazed on 1231-60 data,.

There i= greakt potential for rescarch work on the sgricultural
significance of the chapging patterns of rainfall in recent
y3ars. Factors, easily amenable to analysis, include the nomber
f rainy days within a zeason, the mean emount of raln per rainy
day, and the freguencies and lengths of wet and dry spells within
the rainy season. _ ) i

5. Causes of the Eainfall peficits

Many hypotheses have been put forward to exXplain the recent
prolonged spell of dry years. However, none of thaze has beon
conclusively proven. Obtiouwsly. the immedliate reagon ia s
rainfall deficit, but thiz pnay be due to one. or more of many
factors; an abseance of avallable moistora in the atwomphere:
large-scala subsidence (which suppresged convestive activity):
diverdent air-flow in the lower tropospberea: a decline in _
atmospharic stabiilty; asnd an absence of rain-bearing systams.
Changas in auch factors involve changes in weather systemns on



meny epatial saales, from local to global. Figure 4 proyides a
sehematic flowechart to guide us through pome of the possible
rmachanisms. We will didcuss them here, using = A framework, an
increaszing spatial scals. . : .

Fostulated lacal causes for the pereistent drought conditione
foous oni changes in either the mlbedo [(reflectivity) of the -
ground surface oxr in the soil wmoisture or both, with such changes
hyvpothesized as resulting from vegetation loss due. to gvergrazing
and removal of woody wegetation. Thase are thought to be
blogeophysical feedback mechanisms, i.e. once they start they
faed back on themselves to perpatuate the drought conditions.

In the case of albedo, removal of wvegetation lnoer=ases the
albedo. 'Thi=, in turn, changes the heat balance of- Che
surface—atmpsphere system. The large-scale changes in heat
pources and sinks result in increased divergence in the lowek
atmosphere and reduced uplift in the higher albedo region. Less
uplift means leass rain, which means less wegetaticoh, amd so tha
cydlsa goas on. T ' .

A Aimilar case exists for soil moisture. Less soil molsture
dives lesa avaporation. The resultant =hange ln the partitloning
of latent and sancible heat contributions to the surface energy
balance causes a net reductlon in upward motien, redooing :
convactive activity, Thls leads to less rainfall which further
reduzes the so0il moisture levels and railnforces the initial
causao. : :

The mechanisms for the albedo and soll moisture hypotheses are
interrelated since they both operate through changes in the
radiation budget of the subrface. Both of these hypothases have
baen tested many times with computer models. :

in these model experiments, changes in the albedo-or the soll
moigture are imposed externally, and tha resulting changes "in
rainfall are monitored. While these experimants do produce
rainfall changes in the right direction, the impoged stimulus ig
generally much larger than has been obheerved in reality.

Thus, while the physical reallty of tha albedo and soil moisture
mechanisgms has been establlished, the axact nature of their role
in the parsistant drought is not so definite.

Ramote forcing mechanlisms have =zlpa been proposed. The twWo most
important are deforastaticn and sea surface temperature changes.
Daforestation on the Cuinesa Coast {(which i=s sccurring at one of
the highest percentage ratee in the world} has been.propesed as o
machanism for reinfarcing drought in the Sahel. When rain falls
on a Eorest, a percentage of the moisture 1s returned to tha
etmespherce by evapotransplration- In West Africa, the surmmer
monsocnal airflow would transport this poisture furthsr north.
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This process may take place aeveral times before the net
:remalning molsture preaches the Sahel. TIf forest iz ramnoved,

thera would e a raducticn in tho amount of mgisture retucned to
the atmosphera and carrled northward. Thiz hypothesis i eone
that couidd, and phould, be tested using a transecl analy=sis of
reinfall ileotopesz from the atlantic to the Sahkel.

A= we extend the spatial scale, the next ares of possible causes
Liss in the ALR)lxotic deesn. o gensral terme, bthe southerg
Atlantle has heen conzistently and annmalausly warmer Lhan the
northern Atlantic sSinge around 1970. Various warkers have used
statjigtical technigque=s #£¢ relata Atlentic sea surface
Cerpperatures [(55T=s) to varilatlons 1n Sahel rainfall. %While the
Efﬂtistical linkages are strong, the physical mechaniem. is more
elugive.

The link ketween Atlantic S5Ts and Sahel rainfall may be through
a zonal cireulation over tha atlantic. Alternatively, changes in
the flow of the otean currente may be weakaning the  summer
wonsoonal fiow. et anokther poBRivality is that the reducesd
temperature gradisAnt betwaen the Sahazra and the {Warmer than
befora) Gulf of Guolnea may influence the position of. the African
Eagterly Jet and the consequent tracking of sguall lines. Sg
aven though Wa can =zee relaticnships hetween varlations in
Atlantic 857Ts and Sahel rainfsll, we still have some way to go
before we fully understend tha reasons why.

Ancther possible cause for rainfall dafiecit= in the sSahel is the
guasl-perioedic EI .Nine/gocuthern Dssillation (ENSD) phepomenddt.
Although ENSQ 1tself iz confined to tha Pagiflc Ocasnn, extramne
ERED events, such as thalt in 1982783, have been 1irked to climpnbe
ancomalles in many parts of the giochea.

Tha Ilagrgest spatial scala for effects on sSahel rainfall e the
globe. A capdidate =ause here would be chatging glebal climates
due to increafing levels Of carbon dioxide and otlier greanblicuse
gasas, Thea=e levels have been increasing steadily since the
Tondustrial Revelution, wiile global-dcale tepgeratuces have zleo
been increaesjing steadily, However, an vhdeniable statistical
demcneztration that the global warming is a greenhonse effact has
ot yebt been mada, largely bacause of natupal lopdg term
flugtuations and the proklem of pleking out the greenliouse
gifect fsignal’ frum the natural fnolse’. Thus, demonstration of
A regicnal-goale graanhousa effect {l1.a. on Sahel reingall) s
impogeible at present. Neverthelegs, one would certainly expect
the greenhouge effect to influence Sahel! rainfall in tha future
[Juat as 1t will influence cllmatic condltions worldwlde), and it
i8 clearly important to study this process further.




Footnote=:

(1] ‘The first source ls tha World Weather Records (WWR) data bank
compiled and updated by the HRational Center for Atmospheric
Regearch (NCAR), UsSA. The WHR data have global coverage, but for
rfrica the network has been greatly enhanced by tha work of & F
Hicholson. The main =ourcas are within the Sahalian roglon.
they are the CTLSS Agrhymet centre in Nismey and tha Individual
national wmatecrological agencies who Rave kindly provided data
for updating the other series.

{27 Each value hat the long-term segsonal mean taken away and
the differasnce 1s thean Givided by the long-tari geasonal standaxd
deviation. The lopg-term pericd on which the mean and standard
daviation ars based here is 1941 to 1870, a pariod chosen becausa
it is the most recent period with 2 wide geographical spread of
available data points. HWormalising gives a set of data seriss
that are more readily comparable as =@ach gerles will then heve &

moan ©losa to zero and a standard devlation close Lo one.

+ Farmer, &. and Wigley, T. M. L. (12E3}. Climatic
tvends for tropical Africa. ODA Research Reporhk. Climaktlc
mesearch Unit, Norwlch, UK.
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