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FOREWORD

At each session of the WMO Executive Committee o theme is chosen for a scien-
tific discussion which takes the form of previously prepared lectures delivered by
acknowledged experts in the chosen theme followed by a general discussion.

In view of the disastzrous droughts which have occurred in recent years in many
countries, particularly in Africa and Asio, the Organization is now giving greatly in-
creased attention to this subject. Among the steps tcken to this end was the decision
of the Executive Committee to select "Drought" as the theme for the scientific dis-
cussions at its twenty-sixth session (1974). The present publication contains the
full texts of the three popers presented on that occasion.

The first poper, entitled "Drought - its definition, delineation and effects”,
was prepared by Dr. W. J. Gibbs {Australia) ond was presented on his behalf by
Dr. J. W. Zillman. The second, entitled "Drought, o recurrent element of climate",
was presented by Professor H. E. Landsberg (U.S.A.}. The third paper, entitled
"Apercu sur les données hydrologigues de la sécheresse de la période 1970—1973 en
Afrlque tropicale”, was presented by Mr, J. A, Rodier (France).

I om pleased to have this opportunity of expressing to the scientists concerned
the sincere appreciation of the World Meteorologiccl Organization for the time ond
effort they have devoted to the preparotion of these valucble popers.

D, A. Davies
Secretary-General






DROUGHT - ITS DEFINITION,
DELINEATION AND EFFECTS

by

W, J. Gibbs
Director of Meteorology, Australia
First Vice-President, World Meteorological Orgonization






SUMMARY

The lecture sought to answer four questions:

1. What is drought?

2, Is drought the result of a change in climate?

3. Is it bossible to ameliorate drought by artificial modificetion of climate?
4, Can o world-wide strotegy be developed to combat the effects of drought?

Although drought is difficult to define precisely, in general terms it con be
regarded as the condition where there is "lock of sufficient water to meet require-
ments”, the requirements being dependent upon the distribution of plont, animal and
human populations, their life-style and their use of the lond. The problem of
drought is thus an integral part of the larger problem of the management and use of
the worlds limited resources.

In examining the occurrence and attempting to delineate the extent of drought,
the most useful single index of water supply is rainfall. However, the non-Gaussicn
distribution of rainfall occurrence suggests the need for statistical description of
porameters other thon the mean aond standard deviction., Gibbs ond Mgher in 1967 ad-
vocated the use of ¢ system which was based on the limits of each ten per cent (or
decile) of the distribution. The fifth decile or median is the rainfall amount not
exceeded by 50 per cent of occasions. The decile ranges span the values between
deciles; some examples were given for vorious Australian climatic régimes. In por-
ticular, attention was drown to discreponcies between mear and medion monthly rain-
falls. Maps were olso shown depicting the distribution of annual decile ronges over
Australia during two of the most severe drought periods since rainfall records began.
The occurrence of the first decile range corresponds well with drought areas deline-
ated on the basis of other conditions. Examination of decile values for shorter than
annual periods has been vused in Australia since 1965 for a drought alerting service.

Preliminary resuvlts of an applicotion of the Gibbs-Moher approach to world
rginfall dotq by Lee and Maher were discussed. Moaps of the world distribution of
decile ranges for the years 1965, 1968, 1969 and 1970 show the considerable spatial
vuriobility of the decile valves of annval rainfall and indicate the beginnings of the
drought in the Sudono-Schelian regions of Africa. More detailed examination of the
Afr;cun regions for the years 1971-1973 showed the spread of the first decile range

.6ver the Schelian zone during this perlod
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The question as to whether drought is the result of climotic change is. diffi-

- cult to answer, Particularly in arid and marginrol lands, differences. between succes-
sive 30-year "normals” may be due to no more thon sompling effects.. It is important -

to distinguish between drought and aridity. In the morginal lands bounding arid -
- zones the "normal" variability of -rainfall meons that drought must be regorded as a
normel climatic occurrence,

With the present state of scientific knowledge and technology there appears
little hope of ameliorating drought by the artificial modification of weather or
climote as drought periocds are usvally characterized by large-scale subszdence arid
clovd-free skies. :

Austrolian experience hos shown that the effect of drought is lessened when

. formers and government outhorities are aware of its noture and extent and therefore
can. make appropriote plans. It is believed that the Australion experience could have
an opplication on o world-wide scale. . In the context of global plans-for dealing
with noturgl disasters, consideration might be given to a world-wide drought and
olerting service, possibly with a centre operating in each continent and- reporting to
some central position such as the WMC Secretariat or the Secreteriat of the Uhlted
Nations.




RESUME

Le conférencier s'est efforcé de répondre aux quotre questions suivontes :

1. Qu'est-ce que la sécheresse ?

2. Lo sécheresse est-elle le résultat d'um changement de climat ?

3. Est-il poasible de pallier la sécheresse en modifiant artificiellement 1le
climat ?

4, Est-il possible de mettre ou point une struatégie mondiale pour combattre

les effets de la sécheresse ?

Bien qu'il soit difficile de définir avec précision ce qu'est la sécheresse,
on peut estimer généralement qu'il y o sécheresse lorsqu'"il n'y a pas suffiszomment
d'eau pour sotisfaire aux besoins", ceux~ci étont fonction de la distribution de la
flore, de la faune et de la populotion humaine, de leurs modes de vie et de 1l'usage
qu'elles font du sol. Lle probldme de lo sécheresse fait donc portie intégronte du
probléme plus vaste de lo gestion et de l'exploitation des ressources limitées de la
Terre. '

Lorsque, pour étudier les cas de sécheresse et essayer de déterminer 1'exten-
sion de celle-ci, on utilise un seul indice des apports d'eau, le plus wtile est lo
havteur des précipitations. Toutefois, du foit que les jours de précipitations ne
sont pas distribués selon la loi de Gouss, il est nécessaire, pour les besoins de la
description statistique, d'utiliser d'autres paromdtres que la moyenne et 1'écart
type. En 1967, Gibbs et Maher ont préconisé l'ytilisation d'un systédme fondé sur les
limites déciles de chaque tranche de 10% de 1o distribution. Le cinguidme décile {(ov
médicne) est égal & la hauteur des précipitations qui n'est dépassée que dons 50% des
cas, Les écarts interdéciles correspondent aux intervalles entre déciles successifs;
des exemples ont &té fournis pour divers régimes climatiques de 1'Australie. Enporti-
culier, l'auteur a attird 1'ottention sur les différences qui existent entre la
moyenne et la médione des précipitations mensuelles. Il a égolement présenté des
cartes montraont lo distribution des écarts interdéciles ou-~dessus de 1'Australie du-
rant deux des plus rigoureuses sécheresses enregistrées depuis que l'on dispose de
relevés pluviométriques. Les zones od lo houteur des précipitations est inférieure
auv premier décile correspondent bien avec les zones de sécheresse délimitées sur la
base d*autres critdres, En Australie, depuis 1965, on suit 1'évolution des valeurs
des déciles établies pour des périodes plus courtes que 1l'ennée, afin de pouveir lon-
cer des alertés de sécheresse.

L'avteur o analysé les premiers résultats que Lee et Moher ont obtenus en
appliquant aux données pluviométriques mondicles le systéme élaboré par Gibbs-Maher.
Des cartes de la distribution mondiale des dcarts interdéciles pour les anndes 1965,
1968, 1969 et 1970 montrent la variabilité spatiale considérable des valeurs des



- dégiles . de la - hauteur des précipitotions annuelles et révélent l'apparition de -la

sécheresse dans les régions soudano-sohéliennes de 1'Afrique. Un examen plus dé-
taillé des régions africaines en ce qui cdancerne les anndes 1971-1973 o révélé 1l'ex-

- tension des hauteurs de précipitations inférieuree au premier décile o 1 ensemble de

le zone sahélienne auv cours de cette période,

Il est difficile de répondre & la question de savoir si lo sécheresse est
le résultot d'un chongement de climot. En particulier dons les zones arides et semi- -
orides, les différences conetotées entre les "normales" trentenaires successives
peuvent &tre simplement duves & des différences dons l'échantillonnage. Il importe -
de bien distinguer la sécheresse de l'aridité. Dans les zones semi-arides, en. bor-
dure des zones arides, lo variobilité "normale" de la havteur. des préc;p;tutzons im-
pose de consxdérer la sécheresse comme éventualité climatique normale.

Dans 1'état actuel des connoissonces scientifiques et de lu technologie on
ne peut gudre, en période de sécheresse, escompter améliorer la situotion en recou-
rant & la modification artificielle du temps ov du climat; étant donné que duront
ces périodes il régne généralement de lo subsidence cu~-dessus de vastes territoires,

. ce qui entraoine une absence totale de nuages.

-L'expérience austrolienne montre que - les conséquences de lo sécheresse sont
minimisées lorsque les agriculteurs et .les autorités gouvernementales sont informés
de. 1o nature et de l'étendue du phénom2ne et peuvent oinsi prendre des dispesitions
approprides. L['ovteur estime que l'expérience austrelienne pourrait aveir des aps
plications & 1'échelle mondiale. Dans le cadre des plans mondioux destinés & faire

.face aux calamités naturelles, on pouvrrait enviseger d'établir un service d'olerte
. mondial pour la sécheresse comprenont un -certains nombre de centres, éventuellement -

un dans chaque continent, qui feraient repport & un organisme. centrol. tel que le -
Seerétariot de 1'OMM ou le Secrétoriat de 1’Organisation des Notions Unies. '




PE3SHME

B ZeRImHH IelaeTcA NONHTKA OTBETHTE Ha QETHpé Boopocasl.

i. Yro Taxoe zacyxa?

2. HABngeTca I7 zacyxa pPe3yiIbTaTOM H3MEHEHWA KIHMATA?

3. Moxzo BE H3GexarTh J3CYyXH NYTEM HCKYCCTBEHEOIO Bo3ZeBcTeHMA Ha KIH-—
MaT?

4, Moxnro I¥ paspaloraTh MHDORYD émparernm no Gopbfe ¢ BIAHAHHEM
8aCyxHu?

X0Ta TOYHC ONPEeJeJHTEL JACYXY TOYEHO, B OOMHEX YepTax €€ MOXHO CUH-—
TaTh yCJAOBHEM, KOrLa "BOoIW HeXoCTATOUYHO JIA YIOBAETBOPEHHA HoTpeGHocTef;
HOTPBﬁHOCTH S8aBHCAT OT pacHpelelleHHMHE PACTHTEJIBRHOCTH, XHBOTHHX M HaCeJJeHMA,
HX ofpasa AUSHH M HCHOJEBSOBAHHA SeMiadM, Tarum ofpasom, HDpobliemMa sacyx#
gpraeTca cocTapHo#t wacTew Oodee kpymHoft npobaemu ynpaBneHHE OTrpaHNYeHHNEH
MHDOBHME DPECYDCAMH M HX HCIIOABRBOEAHUA,

Ilpy ¥3yJeHUH BOSHEKHOBEHHJ 3aCYyX¥ ¥ LPH HDONHTKAX ONHCAHHAA €€ pas-—
MepPOB HamboXee NONESHHM €IAHHUHHM HHISKCOM BOJIOCHAOGREHHS ABIAKNTCA ZOEIES—
BEHE ocaﬁxx. OxHaKo pacnpeﬁexenne 0cazKoB, He NOAZapmeecd BaKoHy l'aycea,
HPUBOIUT K HeOOXOZUMOCTH CTATHCTHUECKOTO ONHCAHUA NApaMeTpoB, IIOMEMC cpef-
HHX H éranxapmnax orxaonenufi, Tu66ec u Maxep = 1967 T, sanEmaxn npﬁueﬂe—
H¥e CHCTEMH, EMebme# B KaYecTBe OpeleloB KaxiHe ILeCATEH npomeHTos (HIu
Ienuab) pacupefenenua. Ilaro#t neﬁnnbm, 128124 uegﬁa&oﬁ, ABNAeTCHA KOJARYECTBO
0CalIKoB, He NIPeBHIaBDEES 50%Icnyqaen. Tpanune genuze# nepeKpupawT SHaYe-—
HEA MexAYy HeOUNAMKM, DBEIZ JaHH HEXOTOPHE NPHAMEPH DPASIHUHHY KIMMATAUYECKHX
pPex¥MoB ABCTpaIu#. B qaomnbcmn, of0pamanock BEHMaEHEe HA HEeCOOTBETCTBHe
MERJY CPEeIHHUM MeCAYHHM KOJHUESCTBOM OCAZKOB H MeIgwaHofi, DBuHAH Takke NOKa-
38HH KapTH, IeMOHCTDPHPYOLHE PACIpeledeHHe N0 ABCTPANHH IOLOBHX JHANAZO-—
HOR Jenuaeil Bo BpeMg JXBYX Hauboldee CYDPOBHX NEePHOKOB 3A4CYXH, HAOINIAWMHEX-—
CA CO BPEMEHE Haualla PeTUCTPaIMM KOAHYECTBa OCAEKOB, FPasMemeHNe DPaHHI
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IepBofl LeDUIH XOopOmQ CcoOoTBeTCTByeT paltonam sacyxu, odvepyeHHHM Ha OCHOBE
IpyrTHXx yclnoprH#. MHsydeEHe sHoveHH#: JenHIeldl Ia4 NePHOIOB Keopoue CQIHOI'O T'O=
Ia HEPOBCIHMICCH B-AmcTpaaud ¢ 1965 r. cayxbo#f npepynopexierma o sacyxe.

Q06CcyxIandCEk OpeBBAPHTeNRHHES peaynsmarn-nonﬁoxa T'u6Gea~Maxepa,
npnmeneﬂﬁoro.ﬂn ¥ MaxepoM ¥ MHDOBHM JaHHHM 00 ocaZkax. HKapT® MHpPOBOIO
pacnpeieleHHA JTHaNQ3O0HOB FeUWAH 3a 1965, 1968, 1969 m 1970 rr. ceuzeTelb-—
CTBYRT O ZHAYHTeNLHOHR OpocTpaHeTBeHHOo# H3MeHUMBOOTH 2HAYCHH Xenunauw Iia
rondnuﬁ 0CAJKOB X 0TMedYamnT Hayalo aadyxu B Cykano-CaxelnpcKom pafoHe Adpu-
k. Boxnee moppofroe uUsydernne adpHURaHekUx paflonor aa 1971 -1973 rr. noxa-
3an0, uUTO B TeYHeHHe HTON0 MepHola TPAHHNE JeOHIH pacupocTpasHuHcy Ha Ca-
XeIBCKYH BOHY.

Ha Bompoc ¢ TOM, ABXAeTCA JH 3ACYyXa PesSyILTATOM KINMATHUESCKHUX KHS-—
MeReRHE, OTBEeTHTE: TPYEHO. - B vacTHORTH, Ha SaCYMIMBLEX H NOTUDAHEHYHHX ¢ HHE-
MU BeMAAX DARHHUNS MEXLy HOCASLOPATeILHHMH 30-IeTHHMH "HopMaMu! Morymlne
OpeBHEATE BAUAHEA 0760pa. DBawmHO DPOBCIHUTE DAsIW4IMe MexIy sacyxolt B sza-
CYNMAHBOCTEW: B palioHax, IpDapHuUamiX ¢ SacyYNIMNBHMH 20HAMHM, H3MEHYHBOCTH
PHopManpHoTo! KOJABYeCTBA OCAJNKOB 0O3HAZAET, qmo-sacyxy claeIyeT paccMaTpH-—
BaTh Kak peayabTaT o0HuHO# KIEMaTHYecKO# HOBTODPAESMOCTH.

TOppr EmemsEeM ypOPHe HAYYHHX 3HABHi M TeXHUKM HeT 0COOHX HalexX
Ha NPecJOoXEHHe JaCyXH NyTeM :EICK}"CCTBGHH!II BOB,II;EﬂCTBHﬁ Ha OTOLYy MR KIH-

MaT, NMOCKOALEY NEePHOIH BACYXA 0GHYHOX2PAKTePHBYDTICH KPYNHOMACHTAGHHM OCes .

AaiHeM BOSEYNHHX Macc H feso0NaYHEM HeGOM.

. OnMT ABCTPANEH NOK&3aM, YTO BIMAHME 3ACYXH yMeHBNaeTcA, Korxa fep—
MepH H TDPABHTEeNbCTBEHHHE OpPraNH HAPOPMEDOBAHH O ee xapéxrepe B macmrabax
Ing BRPaGOTKH codmsemcmaymmnx‘naauoa.- Mu moAaraeM, uTc ONHT ABCTDaNHH
MoxeT OHThH MPHEMEHEH B0 BCEMHPHOM MacmTale. B II0CaJBHHX NAAHAX 1o Goprle
co cTexuilHuMU SeICTBUAMH ClelyeT yneﬁurs-xonmﬂoe BHEMaHAE BCEMHDHOR CAyH-
0e mpenylpexIeHAA O 3acCyXe, BOBSMOEHO, ¢ LOEHTPOM, AeficTByNmUM HA XaXIOM
KOHTHREGHTE M HAIDABIAKOMM RAHHHEe P HeKoTopuE riasHuit nemTp, Haopmmep, B
CenpewapnaT-BMO unya B CexpeTapuaT OpraHumgangw (ObefEHeHHHX Hauul,




RESUMEN

En esto conferencic se troté de responder o las cuatro preguntas siguientes:

1. {Qué es sequia?

2. ¢(Lo sequia, es el resultado de un cambio de clima?

3. ¢Es posible reducir la sequia mediante la modificacién ertificial del clima?
4, iSe pueden crear sistemas mundicles para combatir los efectos de la sequia?

Aunque es diffcil definir con precisién la sequia, en genercl se puede con-
siderar que constituye una situacién en lo cual existe "folta de agua suficiente pa-
ra satisfaecer lus necesidades™. Estas necesidades dependen de la distribucién de las
poblaciones de plantas, animales y seres humanos, de su modo de vida y del aprovecha-
eiento de los tierras. El problema de la sequia constituye pues parte integronte de
otro problema mayor que es el aprovechamiento y uso de los limitados recursos mundia-
les.

Para estudiar la ocurrencia de los sequias y tratar de delimitar su exten~
8ién, el Indice (nico més Gtil del suministro de agua es la lluvia. Sin embargo, el
hecho de que la distribucién de lo ocvrrencia de la lluvia no responde al tipo de
Gouss, hace pensar en la necesidad de describir de monero estadistica todos los pord-
metros, con excepcién de la media y de lo desviocidén tipicg., Gibbs y Moher en 1967
preconizaron la utilizacién de un sistems que se fundaba en los limites de cada deci~
lg de le distribucién. Lo gquinta decila o mediana es la contidad de lluviae que no
excede en el 50X de las ocasiones. Las amplitudes de la decila separan los valores
entre los decilas, Se disron algunos ejemplos de distintos regimenes climfiticos en
Australia. En particular se hicieron resaltar las discrepancios entre la medio y la
mediana mensval de lalluvia. Se mostraron mapas que describfan la distribucién de las
anplitudes anvales de la decila en Australia durante dos de los périodos mds fuertes
de sequio, desde que se comenzaron hacer registros de la lluvio. Lo ocurrencia de
lo omplitud de lo primera decila corresponde bien o las zonas de sequio delimitodas
fundéndose en otras condiciones. El estudio de los valores de la decila correspon-
dientes g periodos mds cortos de un afic ha sido utilizado en Austraolia desde 1965 por
el servicio de aviso de sequias. ‘

Se discutieron los resultcdos preliminares de la aplicacién hecha por Lee y
Moher del método Gibbs-Moher a los datos mundicles de lluvia. Los mapas de la distri-
bucibén mundicl de las amplitudes de las decilas correspondientes a los afios 1965, 1968,
1962 y 1970 mostraron la considerable variobilidud espacial de los valores de la deci-
la correspondientes a la lluvia anuval e indicaron los principios de la sequic que se
prodvjo en la regién Sudano-Saeheliona de Africa. El estudio més detallado de las re-
giones africonas correspondientes o los ofios 1971-1973 demostré la extensién de lo qam-
plitud vno de la decile en la zona Saheliana durante dicho periodo.
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Es diffcil responder a la pregunta de si la sequio es el resultodo de un
combio climético. Especialmente 'en las tierrcs dridas e improductivas, lo diferencia
entre las normales sucesivas de 30 affos quizds no sean debidas més que o efectos de
.muestreo. Es importante distinguir entre sequia y aridez. En las tierras improduc-
tivas que limitan las zonas Gridas, la variabilidod "normal® de la lluvia significa
que la sequia debe ser considerada como una ocurrencia climdtica normal.

. Teniendd presente los actuales conocimientos cientificos y tecnoldégicos que:
. %e poseen, parece que existe poca esperanze de mejorar los sequias mediante la modifi-
. cacién artificicl del tiempo o el clima ya que los perfodes de sequia se caracterizon
habituvalmente por una subsidencia en gran escala y por la existencia de cielo despe-
jado. '

Lo experienciu australiana ha demostrado que el efecto de la sequia quedd
disminuido cuoando los agricultores y las autoridades - gubernamentales conocen sy na-
turaleza y extensién lo cual les permite establecer los planes oportunos. Se cree
que la experienciu australiona podric ser aplicada o escala mundial. Dentro de los
. -planes mundiales establecidos para luchar contra las catéstrofes naturales se podria
estudiar la posibilidad de incluir un servicio mundial de aviso de sequias, posible-
mente contando ¢on una oficina principal en cada continente gue tronsmitiese la in-
formocién o otro organisme central tol como-la Secretaria de la OMM o la Secretaxia -
de las Naciones Unidgs, : '

e



DROUGHT - ITS DEFINITION, DELINEATION AND EFFECTS

This paper seeks to answer four questions:

1. What is drought?

2, Is drought the result of o change in climate?

3. Is it possible to omeliorote drought by ortificiael modification of climate?
4, Can a world-wide strotegy be developed to combat the effects of drought?

WHAT IS DROUGHT?

Definitions of drought are almost as numerous as the number of publications
dealing with the subject. A coumprehensive list of such definitions is included in
a forthcoming WMO Technical Note prepared by & working group of the WO Commission
for Agriculturel Meteorclogy. A most important factor ir understanding drought,
often not included in definitions, is thot it is o "supply and demand" phenomenon,
A definition which does not include reference to woter requirement or "demond” must
be regorded as incdequote. "Lack of sufficient water to meet reguirements” is a
definition probobly as satisfactory as any other.

If the "demand" factor is included in the definition it follows thot deline-
ation of drought occurrence depends on the noture of the water need, Conditions
which a vegetcble farmer may regaerd as drought may cause o sheep former no concern,
In other words, drought occurrence depends on the density and distribution of plant,
animal and human populations, their life-style and their use of the land os much as
on rainfall deficiency.

There has been a recent upsurge of interest in the monogement and vse of the
world's limited rescurces in relotion to the exponentiul growth of world population
and the way in which this will affect the quality of life of the world community in
the future, Interest in this subject is apparent in the Speciaolised Agencies ond
the General Assembly of the United Nations and in bodies such as the Club of Rome.

 This body has commissioned a study by an MIT group, the results of which, in the
publication "The limits of growth” (1972), include models linking the interaction
between resource use, population growth and the quality of life.

Few such studies appear to give sufficient emphasis to the importunce of
water resowrces., Treatment of subjects such as rainfall cccurrence, woter storage
and desalination is usuvally superficial.

Drought in the Sudano-Sghelian region of Africa in recent years hos high-
lighted a more general end long-stonding problem regarding the efficient use of
woter resources, Although the problem is as old as man himself, communities and
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nations seem .purticulurly'ill-equipped to cope with natural disasteré, such ds

droughts, when these occur rarely. Expediency in dealing with more frequent and

" more immedigte national ond interngtional problems pushes the need to plan for

amelioration of such rore disasters into the background of man's consciousness.
It is only when beset by such disasters that, often too late, he seeks reued;al
measures.,

The expenential growth of world population and the finite nature of world
resources demand that more ottention be given to this problem in the immedicte future.

DROUGHT INDICATORS

The definition of drought os "the situation when demand for woter exceeds

. supply"” .obviously needs omplification. Reduced availability of water may result in

a modificotion of demand. Consider the example of o porticular grain crop which has
a basic water requirement to avoid wilting before horvest and o larger optimum
requirement necessary to produce maximum yield.

Rainfall which produces zero crop yield obviously results in drought but the
amount below which o crop is considered to be drought-stricken depends on the degree
to which a reduced yield can be toleroted. Usvally the criterion will depend on
economic factors. The limit may be set ot that which reduces yield to o quarter,
or one half or three-quarters the "optimum" yield. Obviously there is no unique
criterion,

Urban communities and industrial. octivities also have o demand for water,
the occeptoble minimum of which might be that necessary to mointain essential
industry, and to meet those requirements necessary for personal health .ond survival.
The amount of water considered to be .the optimum for urban and industrial requirements
depends very much on the standard of living and the life-style of the community ond
the nature and extent of its agriculturdl and industriol activities.

Although mony factors are involved in considering availability of water,
for example run-off, river systems, evaporation, the most useful single 1ndex of
woter supply is rainfall. :

Because rainfall, unlike many other meteorological elements, for example,
temperature and pressure, is non~continuous in time and space, its statistical
description is quite complex.

The best known and most commonly used rainfall statistic is the mean (often
called “average™ or "normal"), which in the case of o normal or “"goussitn" distri-
bution is the same as the medion - the volue exceeded by half of the occurrences.
In the case of a normal distribution the mecn, together with some measure of the
dispersion, such as the varicnce or stondard deviotion, completely describe the

‘distribution and with these two porameters it is possible to colculute the proba-

bility of occurrence of values within any given range.
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Figure 1 - Cumulotive frequency distribution of (a) hourly, (b) deily, (c) monthly,
rainfall amounts for Dorwin and Essendon for the months Janvary and July. Monthly
dato for Melbourne are indicated by X. Lengths of records are:

Darwin {a) 3720 hours (b) 155 days {c) 82 months
Essendon (a) 3720 hours (b) 155 days (¢) 17 months
Melbourne (c) 102 months

The abscissa on these figures plots reinfall on a square root scale and the ordi-
nate of frequency is such that o normel distribution will be represented as ¢

straight line
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However, it is rare for rainfall totols to be normally distributed -~ the
distribytion of many annual totals is not significantly different from normal but
most monthly and all daily totals show a marked departure from the normal curve.

For this reason the common statistical measvres of the mean and standard
deviation are often poor indicators of the probability of roinfall cccurrence.
Gibbs (1964) has pointed out that the square roots of daily, monthly and even
annval rainfall amounts for many Austroliaon localities appecr to be close to normally
distributed, as illustrated in Figure 1, ond the mean and stendard deviation of the
square roots engble a more gccurate description of the distribution.

But whatever the nature of the statistical distribution a more ottractive
method of describing rainfall is one which is non-parametric, for example the use
of percentile values.

Gibbs and Maher (1967) advocated a system which uses the limits of each ten
per cent {or decile) of the distribution. Thus the first decile is that rainfoll
omount which is not exceeded by tem per cent of totals, and so on, The fifth decile
or median is the amount not exceeded on 50 per cent of occasions. The decile ranges
ore the ranges of values between deciles. Thus the first decile range is that below
the first decile, the eighth decile range between deciles seven and eight and the
tenth decile range above decile nine. Figure 2 illustrates this concept.

Decile values give o good description of rainfall ot o particular station,
The decile range in which a particular rainfall occurs gives a useful indication of
its departure from "average". Thus decile range one suggests abnormally dry and
decile range ten abnormally wet conditions.

In drier climates decile values of monthly rainfall ere frequently zero, as
illustrated by the figures in Teble I for Alice Springs, Halls Creek and Mordie. By
contrast the figures for Darwin illustrate a case of tropical wet season month. The
Janvary and July figures for Melbourne are interesting in that whilst there is no
significaont difference in the Janvary ond July meon roinfall, there is e considercble
difference in the medion valves (decile 5) which are 36 mm ond 46 mm respectively.

It might be noted that all decile values up to decile 8 for July at Halls Creek are
below the mean value. Similarly ot Mardie in October oll up to decile 9 are below
the mean.

TABLE I

Rainfall data for selected stations {(mm)

DARWIN MELBOURNE ALICE HALLS MARDIE
SPRINGS CREEK

Jan. Jan.  July Jan, July Oct.
Lowest 68 0.2 14 0 0 0
Decile 1 175 8 26 0 0 0
n 2 221 16 30 3 0 0
" 3 260 25 KY AN 5 0 0
w 4 349 32 4} 11 0 0
" 5 401 36 47 15 0 (4]

Mean 391 48 49 39 é 0.8
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TABLE T (contd.)

DARWIN "MELBOURNE . ALICE HALLS ~ MARDIE
- . " SPRINGS CREEK
Jan. . Jon. July Jon. © July . Oct.
Decile 6 43 . 4 53 33 0 0.
no 7 487 60 57 44 0.5 0
" g 526 76 62 71 : 3 0
e 9 595 106 73 95 ' 23 0.3
Highest - 708 176 178 280 80 . 24
Darwin . 120 24'S 130° 48'F 1873-1941, 1948-1964
Melbourne 370 49'S 1440 58'F 1856-1964
Alice Springs  23° 36'S 1330 36'E 1874-1964
Halls Creek - 18° 14'S 1270 40'E 1891-1964
Mardie - 210 12§ 115° 57°E . 1891-1964

DROUGHT IN AUSTRALIA

Two major publications of the Australian Bureau of Meteorology are devoted
to the question of drought in Australia. Gibbs and Maher (1967) propesed the vse of
deciles of annual rainfall as drought indicators ond peint out that the occurrence
of the first decile renge of roinfall during the period 1885 to 1965 corresponds
rather well with droughts listed by Foley (1957} on the basis of newspaoper and other
reports of effects on crop yleld and livestock populations.

- The occurrence of the first dec;le range on the Gibbs and Maher maps of

. gnnuel .decile volues corresponds well with droughts listed by Foley. Examination
reveals that the most domaging droughts in Australia have coincided with the occur-
rence of large oreas of the first decile range over successive years.

Figures 3, 4 ond 5 show maps for 1900, 1901 and 1902. These were years
usuvally regorded as experiencing one of the worst droughts on record. In New South
Woles the average wheat horvest in 1903 was 1.2 bushels per ocre (agoinst a normal
yield of ten bushels per acre) and the number of sheep in that State dropped from
42 million in 1901 to 27 million in 1902.

Figures 6-9 show maps for 1912-1915. In 1914 the wheat yield was two bushels
per acre in Western Australio ond 1.4 bushels per acre in South Australia ond
Victoria and there were heavy stock losses in Queensland, New South Wales and Victoria.

Figures 10, 11 ond 12 show mops for 1965-1967. In Queensland, New Sovth

Wales ond Victoria this period is regorded with 1902 as experiencing one of the most
severe droughts on record. This drought resulted in a drop of about 40 per cent. in
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the wheat harvest ond 60 per cent, 30 per cent and 15 per cent in oats, borley and

rice crops respectively. Sheep population in the eastern Stotes was reduced by over -

- 20 million. Form incomes decreased between $300 ond $500 million with o very consid-
erable chain reaction to other industries. In particular, manufacturers of farm
machinery were hard hit and the New South Wdles railways deficit of $10 million
during the period was largely attribvted to lack of revenue from transport of form
produce. Another serious effect of the drought was the heovy and sometimes complete

depletion of large water storages leading to severe rationing of water in irrigation

areos which might otherwise have helped umeliorate drought effects.

From .their analysis of mops of decile values of annval rainfoll from 1885 - -
to. 1965, -Gibbs and Maher derived o table indicating the frequency:with which the
- first decile range covered given areas of individval Stotes and the continent as «
. whole, This is reproduced in Table II which gives frequency (in per cent) with
which the first decile range occurred over given percentages of the areas of each
of the Austrolion States 1885-1965.

TABLE II
PER CENT OF AREA )
| ioiee  [91- 81 71~ 6l- BI- 4I- 081- 21- 11- 1-
STATE 100 9 80 70 60 50 40 30 20 10 NIL
Western - ;
Australia| O o 0 1 - 5 2 -3 4 7 32
: Norihern_ _ T .
Territory | 0 P 1.0 -2 6 2 3 6 14 . 68
--Soufh : . _ .
Austrolia | O 0 0o 3 .-1 2 5 5 9 19 . - 56
Queenslond O 0 0 1l 10 7 25 . - 49
New. South- . ' -
- Wales 0 1 1 ) S | 2 2 .2 32 - B3
Victoria | 1 ! o0 3 1 1 1 1 6 26 = 5
Tasmania 0 2 0 2 .2 -2 1 9 73
Australia | © 0 o o0 .0 2 5 11 19 41 22

From this they deduced that the continent should be completely drought-free
in 22 years out of 100 und that it was most unlikely that more than 50 per cent of
the continent would be drought-stricken in any one year, whilst the frequency of
-completely drought-free conditions in o given State range from 46 yeors in 100 in
Western Australia to 73 years in 100 in Tasmania.

While it must be admitted that the occurrence of the first decile range of
rainfoll is o very coarse indicator of droughts, particularly if taken over o
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period of a calendar year, Gibbs and Moher have shown that it is o useful index in
Australia for a general assessment of drought occurrence.

DROUGHT ALERTS

With the onset of dry conditions in 1965 after 20 years without a major
drought in eastern and sovthern Australia, the Bureau of Meteorology decided to
commence an ulerting service. The aim of this service is to alert farmers and
government authorities to conditions which could lead to a major drought.

"Serious drought" was defined as the situation when the rainfall total over
o period of three months or more fell between the fifth. and tenth percentile,
"severe drought” when the total fell below the fifth percentile, Since 1965
official "drought stotements” have ‘been issved by the Bureav of Meteorology at
monthly intervals whenever such conditions exist. Aggregaete roinfall totals are
maintained from the beginning of the "drought" and maps of the extent of area
covered by the tenth and fifth percentiles, corresponding with "serious" and
"severe" drought, are issved monthly. The drought statement issued 5 January 1972
and appended to this paper gives an idea of the format of the stotements,

These drought statements have been found useful by the farming community and
government authorities becouse they provide an objective assessment of rainfell
deficiency and are useful in determining the need for government assistance.

WORLD DROUGHT SURVEY

Lee and Maher of the Australion Bureav of Meteorology ore conducting a study
of world rainfoll for the years 1950-1970. Such o survey is possible only if a
suitable data set is obtainoble and can be processed by computer. Inquiries to the
~Administrator of the Notional Oceonic and Atmospheric Administretion in the United
States (Dr. R. M. White) resulted in the acquisition of a set of world monthly
surface climatological data which had been prepared by Spangler and Jenne of the
Notional Centre for Atmospheric Research, This data set of four magnetic tapes is
based on data published in the Monthly Climatic Data for the World augmented by
dato from Clayton's Weagther Records and other sources.

Computer programmes were written to transform these dote to a format
compatible with stondard progrommes currently used by the Austraolian Bureav of
Meteorology for rainfall analysis. Some 70 000 station years of monthly and yeariy
rainfoll data have been analysed to produce decile values of rainfall for o weorld-
wide network of stations.

Becavse of the current concern for the Sahelian zone of Africa, the
Secretary-General of the World Meteorclogical Organization was also requested to
provide additional rainfall dota for Africa for the period 1971-1973. At short
notice rainfall data were provided for about 70 stations for the rainy season
June=October and deciles for these months were calculated.
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The study by Lee and Maher is currently in progress but already some inter-
esting results ore emerging. The outstanding feature of their maps of annual rain-
foll is the considergble spotial variability of the decile values.

The annual decile distribution for 1965, o year in which mejor drought
occurred in parts of south eastern Australia, reveals areas in the first decile
range in northern India, -east Iran, southern Africa, the east central states of
north America ond iscloted locations in Brazil and Chile. Decile distributions for
1968, 1969 and 1970 indicote the beginnings of drought in the Sudono-Sahelipn region
of Africe and the distribution of decile valves over northern Africa for the years
1971, 1972 and 1973 show the persistent occurrence of the first decile range over
the Sudano~Sahelian region.

One sometimes goins the impression from reports over the news media that
there may be a significant correlation. between droughts in southern hemisphere
countries and in recent months floods in Avstralia and South America hove hit. the .
news headlines. Lee and Moher ure examining whether such an impression has ony
basis in fact or whether it is simply the result of uncorrelated random occurrences.

. Preliminary examination of 20 .sets of annual reinfells observed at stations
in seporate continents but having similar climatic régimes revealed no significant
correlation. This is in line with the finding of Muher (1973) in which he showed
that over Australia, correlotion of monthly and annual falls decreased repidly with
distance.

DROUGHT AND CLIMATIC CHANGE

. Whether drought is the result of climatic change must remain indeterminate
unless the magnitude or sequence of the occurrence of the rainfall deficiency is
such s to lie outside the possibility of expectation bosed on previous climgtie
records. -As climatic change is likely to be o gredual ond insidious process its
detection will be extremely diffieult, particulorly if, as in the cose of rainfall,
the natural voriobility of the element is considerable. In arid and morginel lands
roinfell distribution is such that o very lengthy record is required to establish
the form of the distribution. A 30-yeor "normal"™ in rainfall can be dangerously
misleading because differences between successive 30-year "normals”, particelarly
in grid and morginal regions, are likely to be no more than sompling effects.

‘Since the middle of the lost century meteorologists, including those in
Australia, have gttempted to develop methods for long-range drought prediction.
Stotisticol studies hove revealed little in the way of variability in annual rein-
- fall other than that which would be expected by chance. Some evidence of periodicity
has been found, for example 0'Mahony's spectral analysis {1961) which indicated
that some Australion reinfalls appear to show a two- to three-year periodicity.
0'Mahony also found some evidence of ¢ "break" in rainfall records in some areas
in Australio in 1895. However a recent study by Kemp and Armstrong (1973) shows
thot siting and observational procedure can introduce fictitious anomalies in
temperature records. Presumably similar effects must be investigeted in studying
roinfall onomalies. In orid and marginal londs there seems little conclusive
evidence of a climatic change during the period of existing rainfoll records.
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A remark by Troup on the subject of periodicity (1965) is relevant. ' Troup says:

"Thus, although in individuel studies there may be strongly suggestive
evidence for a particular regularity (for instance the conservatism in
phase of the 2,86-yr hgarmonic period in the 21l-yr Nile flood records,
analysed by Brooks} the sitvation is that examination of the records by
statistical methods give no convincing evidence that any do exist. It
would be quite reasonable to consider, on the availeble evidence, that
whot regularities appear are the outcome of sampling fluctuations in
random series, or in random series with persistence.”

It is possible thot a gradual change in climate is occurring but as in the
cuse of analysis of many cloud seeding activities, the natural variability of the
roinfall means that the verdict in the case must remain "not proven™, '

It is also important to distinguish between drought ond aridity. Aridity
is lack of reinfall in the climgtic sense and grid areas (which may be arbitrarily
defined asthose with an annual rainfall of less than 250 mm) are ofien characterized
by extreme rainfall variability. For example Woodbrook and Muyie, in the arid
zone of Western Australia, have experienced long periods without rain, 1In the case
of the former station, no ragin fell between July 1923 and December 1924 and in the
case of the latter, no rain fell during the calendar year 1924, Whim Creek, which
is also in the arid zone in Western Australia, recorded only 4 mm in 1924 yet has
recorded over 600 mm in 24 hours.

The question of the occurrence of drought in orid zones is thus one of
considerable subjectivity. An arid zone may be considered to be a region of almost
continuous lack of rainfall broken by occasional rainfall events sometimes of
considergble magnitude, so that "drought" is the rule rather than the exception,

The boundaries of arid zones fluctuate with "normal" rainfoll voriability
and the surrounding marginal lends are also subject to periods when they could be
classified as orid. It does not follow that the occurrence of drouvght in marginal
lands is the result of climatic chonge. Drought should rather be regarded as «a
normal climotic occurrenice in such oreas.

DROUGHT AMELIORATION BY ARTIFICIAL MODIFICATION OF CLIMATE

Existing scientific knowledge and technology offers little hope of amelio-
rutzng drought by artificial modificotion of weather or climate. Drought is
usually characterized by long periods of large-scale subsidence in the atmosphere
and the obsence of clouds which might respond to seeding. The elimination of
rainfall deficiencies requires modification of major circulation patterns which
would require changes in large~scale energy budgets, techniques for which are not
readily apparent. And if it were possible artificielly to induce such changes
great care would be necessary to ensure that the elimination of deficiencies in
ohe region did not induce them in another.

Technology is more likely to produce alternative solutions to the problem
of water shortages, the desalination process being one exomple.
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A WORLD STRATEGY TO COMBAT DROUGHT

In Australiac it has been found that two factors help to- lessen the effect
of drought:

(o) An awareness of farmers and government cuthorities of the nuture of
drought and the need to plen for these occurrences;

(b) Effective transport to move. assets (llvestock) from drought-affacted
- to drought-free areas or to move fodder from drought-free to drouvght-
affected areas.

Australia, because of its relatively small population and vast areas, does
not have o problem in feeding its human population. Apart from the early years of
Europeon settlement, yield of its cereal crops together with its grain storage has .
never fallen short of domestic requirements. Drought is nevertheless a serious
problem because of ite effects on the notional sconomy.

Avstralian strategy in dealing with drought may well hdve globel applications.
In Australia where there is o Federation of six sovereign Stutes, the Federal govern-
ment ond the six State goverrments combine without greot political difficulty to
combat the effects of drought. On the internationul scene the peolitical difficulties
may well be greater. Adequote aix, rail, rood and sea transport systems in Australia
have helped to overcome the drowght problem despite consideroble difficulties arising
from the vastness of the continent. The transport of livestock and fodder ot times
of drought has pluyed o vital role in drought amelioration. The vuse of these systems
largely depends on henefit/cost considerations.

On the international scene the difficulties are likely to be greater,
bifferences in currency, political arrengements and transport systems suggest that
a well-planned world-wide system of .drought emelioration; with its focus somewhere
in the United Nations Organizotion is necessary if these difficulties are to be:
overcome, -

Recent press reports in Australia .indicate that the Secretary-General of -
the United Nations is contemploting the establishment of a task force for dealing
with major natural disasters. . The tusk force will no doubt give consideration to
. - a world-wide drought-alerting service having a centre operating in each continent
and reporting .to some ceniral secretariat located within the United ‘Nations
Organizotion.
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Appendix to DROUGHT - ITS DEFINITION,
DELINEATION AND EFFECTS BY W. J. GIBBS

BUREAU OF METEQROLOGY
Deportment of Science

P. 0. Box 1289K,
Melbourne 3001

5 Janvory 1973

STATEMENT ON DROUGHT ISSUED BY THE DIRECTOR
OF METEOROLOGY, 5 JANUARY 1973

The Director of Meteorclogy, Dr. W. J. Gibbs, said today that by the end
of 1972 severe or serious rainfall deficiencies were evident over the whole of .
-Australio except for north-east New South Wales, south-east Queensland and south-
west Tosmania. In the hard core of the area, the central and southern part of
Victoria and areas of southern New South Wales, drought conditions were becoming
.worse. -Similar deterioration has occurred over the east of South Australia, the
western division of New South Wales and the south-west corner of Queenslond.

In Western Australia, the effects of deficiencies of winter and spring
rainfall continue in the central end south-east districts of the south-west. The
persistent low rainfall over the past four years in the southern interior of that
state has continved through yet another month. :

Summer roins so far in Queensland and the Northern Territory have generally
been deficient. Some areas have never had o poorer start to the wet segson and
good raoins in Jonuary and Februory are necessary if drought conditions are to be
avoided.

Temperatures in drouvght-offected areas have been higher than normal
resulting in greoter evoporation rates from the already parched lend. During the
coming two months high rates of evaporation will continuve so that even more rain
will be needed to alleviate drought conditions.

The rainfall-needed to break the drought depends on many local. factors and
the attached charts give an indication of the chances of alleviation by the end of
Morch 1973, Maps 1-3 show the extent of rainfall deficiencies to the end of 1972,
Maps 4-6 show the chances of rainfall for the quarter January to March 1973 based
on past experience. The tables set out figures for ploces selected becouse of their
long recerds in ond near the offected dreas.
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WESTERN AUSTRALTA

DISTRICT YEARS RAINFALL 10 MONTHS DRIER 10 MONTHS
STATION or 1 MARCH - 731 DECEMBER 1972 PERIOD COMMENCING
RECORD [“pRRCENTILE] % OF | AMOUNT Lioten oneT
RANKING NORMAL | INCHES
CENTRAL COAST
Perth 96 10 70 2,04 8 occasions
SOUTH COAST
Albany 95 .2 67 23.94 1881
NORTH CENTRAL
Cunderdin 58 33 85 11.52 19 occasions
SOUTH CENTRAL
Katanning 81 16 8o 14,37 12 occasions
Lake Grace 57 3 63 8.09 1957
RAINFALL % YEARS DRIER U YEARS
1 JAN. '69 = 31 DECEMBER '72 | PERTOD COMMENCING
1 JAN, 1969 DRIEST
LISTED FIRST
SOUTHEAST
Kalgoorlie 76 1 57 22.21 Non prev. lowest
26,454 in 1944
Leonora Th 1 Ly 15.96 nil, prev. 15.74
) in 1934
Sandstone &7 63 22.9#
Norseman 68 8 84 36.56 1944, 1954, 1910,
1909, 1911
MURCHISON
Meekatharra 73 3 73 24,75 1943
Mt. Magnet 78 11 78 26,74 7 lower
EUCLA
Rawlinna 56 2 60 16.60 nil previously
: lowest 16.60 in
1969
NORTHEAST
Wiluna T2 1 58 21.98 nil, previously
22,50 in 1935
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SOUTH AUSTRALIA

DRIER 10 MONTHS

Cunnamulla

DISTRICT YEARS RAINFALL 10 MONTHS
STATION OF 1 MARCH -~. 31 DECEMBER 1972 | MARCH THROUGH
RECORD DECEMBER DRIEST
PERCENTILE | % OF AMOUNT | LISTED FIRST
RANKING NORMAL | INCHES
NORTHEAST
Yunta 84 5 37 2.73 1905, 1967, 1897
'MURRAY MALLEE
Pinnaroo 66 9 60 7.15 1967, 1938, 1914,
) . 1957, 1959
Sandalwood - 57 5 55 6.54 1967, 1959
ADELAIDE 134, 10 73 14,01 12 periods
QUEENSLAND
DISTRICT YEARS . RATNPALL 10 MONTHS DRTER 10 MONTHS
'STATION or . -1 MARCH-31 DECEMBER 1972 MARCH THROUGH
S RECORD DECEMBER DRIEST
- - | PERCENTILE {% OF AMOUNT | LISTED FIRST
RANKING NORMAL | INCHES .
FAR SOUTHWEST |
Kyabra - 61 7 42 3.39 1965, 1929, 1951
Thargomindah 93 13 45 3.50 12 periods
WARRBGO
Charleville o8 19 61 8.53 18 periods
93 5 39 4.08 4937, 1946, 1919
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NEW SOUTH WALES

DISTRICT YEARS RATNFALI, 10 MONTHS DRIER 10 MONTHS
STATION OF 1 MARCH - 31 DECEMBER 1972 PERIOD MARCH
-RECORD THROUGH DECEMBER
PERCENTILE { % OF AMOUNT | DRIEBST LISTED FIRST
RANKING NORMAL | INCHES
FAR NORTHWEST
Tibooburra 86 1 13 0,80 nil, prev. Lowest
1.18 in 1888,
White Cliffas d 1 28 1.99 nil, prev., lowest
2.5t in 1938

LOWER DARLING

Menindee 93 L 4y 3.27 1888, 194k, 1940

Wentworth 103 2 39 3.74 1967

UPPER DARLING .

Bourke 91 b 39 3.46' 1957, 1888, 1937

Cobar 84 2 37 4,26 1937

SOUTHWEST PLAINS

Mosgiel 78 11 56 5.16 8 periods

CENTRAL WESTERN

PLAINS

Condoblin a1 1 59 8.28 9 lower

Tottenham 85 6 51 7.30 1941, 1967, 1937,
: 1947

Coonamble 93 24 t1.43 22 periods

Nyngan 93 3 43 5.56 1888, 1957

NORTH WEST PLAINS

Boomi &4 65 17.98 40 plus occasions

Walgett g4 4 50 6,82 1902, 1888

CENTRAL TABLELANDS

Mudgee 102 11 13.54 10 periods

Cassdilis 101 20 13.32 19 periods

Bathurat 114 Ls 12.32 9 periods

Orange 98 56 16,41 1944, 1888, 1957




NEW SOUTH WALES CONT.

DISTRICT YEARS RATNFAII. 10 MONTHS DRIER 10 MONTHS
STATTON or 1 MARCH - 31 DECEMBER 1972 PERTOD MARCH
. | RECORD THROUGE DECEMBER -
PERCENTILE % OF AMOUNT DRIEST LISTED FIRST
RANKING NORMAIL | TNCHES )
CENTRAL WESTERN
SLOPES
Coonabarabun 92 ' 34 ' 18,39 31 periods
{ Dunedoo 60 . 8 60 {11.05 | 1918, 1922, 1944,
. 195?
CENTRAL HWESTERN
SLOPES
Porbes 96 8 . 62 10.42 1957, 1944, 1946, .
1895, 1898, 1941
Parkes 82 -6 58 10.63. { 1944, 1957, 1902,
. 19#1
SOUTEERN
TABLELANDS
Cooma : o b L2 3 56 8.70 1895, 1941
{ Goulburn i10 5 57 12,17 | 1895, 1oun, 1883,
) : 1962, 1907 '
| Adaminaby 86 1 41 9.71 nil, prev. lowest

-10.95 in 1504

Kiendra ' , 85 1 34 18.80 | mil
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VICTORIA
DISTRICT YEARS RAINFALL. 10 MONTHS DRIER 10 MONTHS
STATION or 1 MARCH - 31 DECEMBER 1972 | MARCH THROUGH
RECORD DECEMBER DRIEST
PERCENTILE| % OF AMOUNT | LISTED FIRST
RANKING NORMAL | INCHES
NORTH
Echuca 113 2 45 6.71 1914
Kerang g1 5 54 6.83 1938, 1914, 1943,
1967
Bendigo 110 2 53 9,48 1938
Shepparton ob 2 BR 9.10 1938
NORTHEAST
Corryong 80 é 60 15.52 1967, 1938, 1941,
' ) 1902
Bright 90 . 3 - 57 21.86 1938, 1914
Omeo 92 1 57 12.34 nil, prev. lowest
: 12.&2 in 1948
CENTRAL
Melbourne 118 1 53 11.78 nil, prev, lowest
. 12,11 in 1967
Lilydale 80 4 66 20,49 1925, 1938
Bacchus Marsh 93 60 10,26 1967, 1938
Geelong 100 4 64 11.88 1904, 1967, 1884
GIPPSLAND
Bonang 85 1 54 17.02 nil, prev., lowest
18.96 in 1917
Orbost 89 2 57 16,01 1915
Maffra 83 1 54 10.18 nii, prev, lowaest
10.34 in 1908,
Warragul 84 5 67 24,90 1938, 1902, 1925
CENTRAL
Kyneton 97 9 69 18,19 8 occasions
Seymour 91 3 56 11.51 1938, 1914
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15,14

TASMANTA
DISTRICT YEARS RATINFALL 10 MONTHS DRTER 10 MONTHS
STATTON oF 1 MARCH - 3% DECEMBER 1972 { MARCH THROUGH
RECORD , DECEMBER DRIEST
. PERCENTILE| % OF AMOUNT | LISTED FIRST
RANKING NORMAL { INCHES -
NORTHERN
Burnie 88 3 63 22.07 1902, 1888
Launceston L7 2 56 14.01 nil, prev. lowest
' 14,74 in 1961
Stanley 104 5 ‘69 22,61 1502, 1940, 1897,
- . 1868
 EAST COAST
St. Helens. - 84 5 53 13.98 1904," 1908, 1897 - -
. Swansea 86 .3 50 10,62 1908, 1945
MIDLANDS
Oatlands . 89 2 59 10.66 1945
SOUTHEAST
Hobart 89 3 65 - 113.75 | 1945, 1963
DERWENT VALLEY
Bothwell 56 .- 28 82 - 15 periods
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MAP 4 - There are nine chances in ten that the January-March rainfoll will
be more than the amounts indicoted on the map (isohyets in inches)



MAP 5 - There iz an even chance that -i:h,e Janvory-March roinfall will be more than
the amounts indicoted on the mop {isohyets in inches)




18
: et T
r-"/_,_rJ
&7
A7
Broome
Fort Hadwd —
o Witnowom S0
5 k
t ik
. |
o Laverton %
Qarslton l
.
PERTH
-
1
3 Koary 4
x. |
W
\ KASETRES 20

MAP 6 - There
more than the

chance in ten that the Jonwary-March rainfoll will be

is one
indicoted on the mop {isohyets in inches

amounts






DROUGHT, A RECURRENT ELEMENT OF CLIMATE

by
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SUMMARY

Drought is experienced, with greater or lesser frequency, in all climotic
areas which ordinarily hove adequate precipitation for agricylture and water supplies,
But the fewer the average number of days of precipitation, the greater is the vari-
ability from year to ysar. This number greotly depends on the prevailing large-scale
otmospheric circulation. In marginal areas, especiclly those at the edges of the
large sub-tropical high-pressure cells, this leads not infrequently to lack of rain-
fall, with disastrous results for the local economy. The shifts in the general
circulation causing precipitation deficits that lead to drought also offect other
weather elements such as clouds, with the unfortunate result that in drought-stricken
areas usually nc clouds svitgble for possible modification attempts exist.

Data analysis of long records of precipitation in various parts of the world
does not indicate any radical one-sided trends but rather fluctuations which may per-
sist for several years. Spectral anclysis reveals no well-defined cycles of rainfoll
anywhere but - widespreqad irregular rhythm of two to three years-is in evidence. The
analysis at the same time does not preclude entirely the presence of a weck rhythm in
the 1l- to 13-ysar spectrgl band which one might 1dent1fy with the solar cycle. This
point requ;res further axplorutlon :

Lands close to the arid zones are most affected by frequency and severity of
drought. Their vegetation is an ecologicolly frogile ensemble ond their agriculiure
precarious. Unless cultivation is proctised with utmost core, desert encroachment is
an ever-present danger. -

The Schelian drought of 1971-1973 has not been entirely unprecedentsd and
there is good evidence that it has been connected with changes in the large circu-
lation patterns over the North Atlantic space. Only in recent yeors has there been
o sufficient dota base to investigate these anomalies but pursuit of this line of
research holds some promise for early recognition .of adverse conditions, In the
meantime, the use of the statistical properties of precipitation series should be
exploited for the assessment of drought risk in various oareas.



RESUME

Lo séqheresse sévit plus ov moins fréquemment dons toutes les zones clima-
tiques qui ont généralement des précipitotions suffisantes pour 1'egriculture et

.1'alimentotion en ecu. Mois plus le nombre moyen de jours de précipitations est

faible, plus grande est la variabilité des précipitotions d'une anndes & l'autre.
Le nombre de. jours de précipitations dépend énormément des caractéristiques domi-
nantes. de la circulation atmosphérique & grande échelle. Dans les zones marginales,

. particuliarement celles qui se trouvent en bordure des cellules anticycloniques sub-

tropicales, il n'est pas rare d'en arriver #& un monque de précipitotions, avec des

.résultats désastreux pour l'économie locale. Les chongements de la circulation gé-
.nérale qui sont & l'origine des déficits de précipitations conduisant & la sécheresse

agissent oussi sur d'autres éléments météorologiques tels que les nuages, ce qui- o
malheureusement. pour résultot que, dane les zones ol sévit la sécheresse, il

n'existe généralement pas de nuages pouvant donner liev & des tentotives-de modifi-

cation artificielle dvu temps.

L'analyse des relevés pluviométriques portont sur de longues périodes dispo- .
nibles dons diverses parties du monde ne permet pas de mettre en évidence de ten- .

.- donces nettement orientdées mois plutdt des fluctuations qui:peuvent persister plu-

sieurs onnées. L'analyse spectrale ne révéle pus de cycles bien définis des préci-
pitations, en quelque endroit que ce soit, mais décdle un rythme irrégulier de deux
4 trois ons qui se fait sentir sur de voastes étendves. Simultanément, cette ana-

. lyse n'exclut pas compldtement 1'existence,dans la bonde spectrale de onze & treize

ans, d*un faible rythme que l'on pourroit identifier avee le cycle: sola;re. Ce point
mérite d'étre étudié plus avant.

Les territoires les plus proches des zones arides sont les plus fréquemment
et les plus sévdrement touchés por lo sécheresse. Leur végétation constitue un en-
semble écologlqueuent fragile et leur agricvlture est précoire. - A moins que 1'agri-
culture n'y soit protiquée- avec le maximum de précouvtions, la désertification reste
un danger permanent.

Lo sécheresse de 1971-1973 dons le Sahel n'est pas absolument lo premidre du .
genre et l'on a dé bonnes raisons de croire qu'elle découle de modificetions surve-
nuves dons les régimes de la circvlation % gronde échelle au-dessus de 1'Atlantique
Nord. Ce n'est que depuis ces derniires années qu'on dispose d'une base de données
suffisonte pour étudier ces anomalies ot l'on a tout lieu diespérer qu'en povrsuivant
les recherches dons cette direction on parviendra & déceler trés tot les conditions
défavorables. En attendant, il conviendraoit d'exploiter av mieux les propriétés sto-
tistiques des séries chronologiques d'observations pluv;ométrzques afin d'évalver le
risque de sécheresse dans dlverses zones,




PESIME

3acyxa BosHHKaeT c Goxpmef miw MeHeme# wacToro#f Bo BCEX RIHMaTHYEC-
Kux - pafioHax, KOTOpDHe OOHYHO HMEDT JOCTATOYHOE KOJAMYECTBO OCALKOB IAS
ceXncKoro xosaflcTsa ¥ BojocHalgeHusE. -HO WaM MeHbIe cpeJHeE KOJXHUECTEBO
ruefi ¢ odagxaun; TeM GOJBEE HX HBMEHUMBOCTE 0T Tofa K FoAy. 9T0 Koxdde-—
¢TBO B GoJNpmo#l CcTEmeHH 3ABHCHT OT npeﬁaanpymmeﬁ xpjmHOMacuTabHOR aTmMocdep-
HO nnpxynannn{"B KpETHUecKHX paliomax, ocofeHEO B pafioHax, HAXOZANUXCH
HE TpAH¥NAX KPYNHHX CYGTPONHYECKHX AYeek BHCOKOTO JABIEHHHA, 3TO HEPEZKO
IPEBOZAT K OTCYTCTBEN JIOXAA © SeICTBEHENMY DPeSyIbTATAMHM IIL MeCTHOR BSKO-
HOMUEA., CJBETE OOmeH NEPKYIAQEA BHSHBALT LePHIUT 0CalKOB, YTO OPUBOZHT K
TOMY, UTO B38CYyX6 BAMAET TokEe M HA IPYTHe MeTeODOLIOTRUECKHEe JJIEMeHTH, Ha~
npEMep ofuxaka, B pesyaeTarTe udero B paffomax, DmoIBepEeHHHX Bacyxe, OCHUHO
HeT o6N&KOB, Ha KOTOpPHe MOXHO Suilo OH HONHTATHECA BOSHeflcTBOBATE ¢ IDOMOMBLI
CYHeCTBYRIUX MeTOXKOB, '

AHaNW3 JAHHHX 00 OCAZKAX B DA3JHYHHX JYacTAX MHpa 38 JARTElAbHHE
NepHoTH He yKazHBaeT Ha Kak#e=-Ia00 pPaluKaIbHHE oxﬂocropouﬂke TeHISHINHA 4
HG OTMeYaeT JUNEL OTHKACHEHHA, KOTODHE MOTYT CYmeCTBOBATE B TeueH#e HECKONb-
REX ZeT.,  (NexXTpalbHu# aHaANE HHI'Ze He BHABIAST HAKAKHX ABHHX OHKIXOB OCAI—
KOB, KPOMe HaiWuHi OUPOKO PACIDPOCTPEHEHHOTC HENPABUIBHOTO DPHTMA B 2=3 ro-
xa. OIHOBpeMeHHO AHAXHES He OTBepraeT NOXHOCTED caalorg paTva B 11-13-zeT-
HeM CIeKTpalbHOM IHAN&30HE, KOTOpHH MOEHO TMOCTRBUTEL B COOTBETCTBHE C cox—
HeYHLM LAKIOM., 9JTOT BONpOC Tpebyer ZanpHe#meTo HeCIeXOBAHNA.

Béuna, 6IH23KFWe K BaCyYMAABHM 30HaM, Haufojlee Beero NOLBEPXEHE JYaL-—
THM ¥ CYDOBHM 3acyxaM. HxX pacTHTeABHOCTH ABAAETCA SKONOTHYECKHM Xpynxoif,
a cexscroe xosafictso --Héﬁaaexnuu. Ecna He IOPOBOJUTE KyJABTUBANUD CO BCE--
BOSMOEHOE TEATENEHOCTREW; TO NOCTOAHHO HPHCYTCTBYET énacﬂocmh Hacmynneﬂnﬂ‘
OyCTHHA. - ’ ' : | ;
CaxensCKaA zacyxa 1971-1978 rr,. He gBHAACE NelHKOM GecrnpepeleHTHol,
H €CTH OCHOBAHAR noirarars, uUT0 OHa OHIA CBASAHA ¢ H3MEHEHHAMH B CTPYKTYDe
EpymaoMacmTabEolt mDHpryaAnuH Hal CesepHod ArmasTmykof., ToabpkKo 2a mocAeJHHE
r'oidH CO3J8J8Cck ZOCTRTOUHAS OCHOBA JAHHHX LJiA HCCAeLOB&HHA HTHX aHOMANUI,
5 IpoBefeHHe TAKAX HCCAeZOBAHER COZEDHAT HeKOTLODHE NePCHeKTHBH 3a0AarcBpes«
MEBHOTC DACIOZHABAHAA HeSZATONPHATHHX ycoloBHit. Tem BpeMeHeM JNOA%HO OHTE
E3Y4YEHO HCIOCAL3CBAHWE CTATHCTHUSCKHX CBOHCTB CepPHH OCAIKOB IAA ONeHKH
ONACHQCTH S8CYXH B Pasduqyenx paiicEax.



RESUMEN

La sequia aparece con mayor o menor frecuencia en todas las regiones climb-
ticas que ordinariomente disponen de precipitocién adecvada para la agricultura y su-
ministro de agua. S$in embargo, .cuanto menor sea el nimero medio de dias de precipi-
tacién, mayor seré lo vaoriabilidod de un affo a otro. Este ndmero depende en gron me-
dida de la circulecién atmosférico en gron escala. En los regiones improductivas,
especialmente en las que estdn situades al borde de los grandes centros subtropica-
les de alta presién, esta dependencia motiva con alguna frecuvencin la falta de 1lluvia,
con desastroso resultado pora la economia local, Los cambios de la circulacién gene-
ral cousan déficit de precipitacién y tienen como consecvencia. el que la sequic afec-
te. tambidn o otros elementos meteorolégicos toles como las nubes con el catastréfico
rasultado de que regiones afectadas por dichos sequias tampoco disponen habitualmen-
. te de sistemas nubosos -adecuados pare una posible modificacidn artificial.

El onélisis de los dotos de los larges registros de precipitacidn-en distin- .-

tas partes del mundo no indica ninguna tendencia radical Onica sino solomente fluctuo~-
- ciones .que puaden persistir durante varios afios. El andlisis espectrel revela ciclos
- no ‘bien definidos de lluvia en cualquier lugar aunque se aprecic un ritmo -irregular-
mente distribuido de dos o tres ofios de duracién. Al mismo tiempo, el anélisis no
impide completomente la presencia-de un débil ritmo en la banda espectral comprendida.
entre sl onceavo y el treceavo ofio, que podrfo quizés identificarse con.el ciclo so-
lar. Esto cuestién requiere ser investigada con més amplitud.

Las tierras situados en las proximidades de las zonas dridos son las mds
ofectadas por lo frecuencia e intensidad de las sequias. 3Su vegetacién constituye
un conjunto ecolégicamente frigil y su agricultura es precaria. A menos que lo tie-
rra se cultive con mucho cuidado, la desertificacién constituye unm peligro permanen- .
te. :

Lo sequia que se produjo en la regién del Sohel en 1971-1973 parece gque ha
tenido ya precedente y existen pruebas de que esté relacionada con los combios de
la circulacién atmosférica en gran escala sobre el Atldntico Norte. S56lo en los (l-
timos ofios se ha podido disponer de dotos suficientes paru investigor estas anomalfas
y parece ofrecer buenas perspectivas la investigocién de este fendmeno para poder
identificar prontamente lo aparicién de condiciones adversas. Mientras tanto, se de-
ben vtilizor los propiedades estadisticos de las series de precipitacién para la eva-
luacién del riesgo de sequia en distintas regiones.
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-Drought has been a scourge of mankind throughout history. It has con-

‘fronted meteorologists also for a-long time. After each major drought

episode descriptions and analyses appeared in the literature. A few com-
prehensive treatises also exiat. We cite here only the book of ?anﬁaﬁill
(1947). But the need for a clearer understanding of the drought phenomenon
than heretofore,and the crying need to replace relief by forecaating and
plaming finds the meteorological profession still unable to cope with its
share of the task (Landsberg, 1965).

1t 1is essential to distinguish at the outset between aridity and drought.
Both of them are characterized by lack of water. Aridity, however, carries
the cnnnot;tion of a more or less permanent climatic condition, bringiung
sbout deserts as the cngpanion land form. Drought, on the other hand, is a
temporary condition, occurring in a climatic zone where precipitation is’
ordinarily adequate for vegetation or agriculture, riverflow, and water sup-
plias. Therg_are marginal areas on the globe, often called semi-arid, that.
are transition zones between truly arid areas and moister reglons with more
ieliable precipitation. These zones are those most frequénted by drought,
The consequences of this condition periodically focus world attention on
this meteoroiogical problem. In the most recent past the drought in the Afri-
can region south of the Sahara has had world-wide attention (Davy, 1974).

It must, hovever, be clearly understood that no region, no matter how
well blessed with water from the sky, is free fram drought. And the opposite
is also true that even relatively dry areas are occasionally flooded by a
deluga. In the light of this it may sound incongruous thak there is no pre-

cise definition of drought in the meteorological dictionary. It is simply

a qualitative.term for the lack of water. If the supply of the latter is

inadequate for the common pursuits of the area we. call ir 2 drought. Yet

there have been a very large nwmber of attempts to come quantiratively to
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to. grips with the occcurrences of dvy spells of shorter or longer duration.

Our focus here: shall be on the cliﬁatological aspects of the pxoblem.: ~In - :
this context-it may . be well to:recall that of all the usual elements.used

. .for representation of climat;e. the average precipitation is often the most
nisleading. -If used with digerimination it can, however, give geographi-

cally useful: information. It usually enters as a parameter Into ﬁvariet?

of indices used for delineation of v:ariOus climatic zones. Table 1 gives

a gumeary of -a variety of aridity and drought indices which have been widely -
used. They range from those used f-or simple elimatic mapping to more com~
plex ﬁarametem which :l:ncludse mylelements of the local hydrological bal- -
ance. . The most.elaborate of these is the drought index of W. C. Palmer (1965).
Although it includes soll factors it is gtill a msteorological parameter.

It evolved logically from the more elementary measures of C. W. Thornthwaite
,_(1§31)’ whose great merits for the investigation of the water balance should
‘not be forgotten. -Added in the table are a few statistical measures that are
©most useful‘ in assessing the vagaries of rainfalil.

. - - As in many other problems that can benefit from uselof a climatological

. .parameter as a basic variable (or-input parameter), figures -ﬁhat are directly
aemingful for thé—.practieal'purpose on hand have begun te evolve.  Thus meteo—
rological drought has yielded to measures. of agricultural drought, which is ve- .
© lated to physiological drought for natural vegetation. The latter not Infre~
quently is brought _about by detrimental salt Qc‘cum;lat:l.ons in soil. Effects

of drought on crop yields in an effected area have certainiy drawn the greatest

- public -attention.. But it would be a ser:l_ous mistake to consider only the

. agricultural effects of drought:.- In populated and industrialized areas water
shortages: can serfously hamper production, hygiene and sanitation, and even

lead to water rationing.
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It is obviously inadeguate to look at drought us a local phenouenon
with locally observed weather elewents. Ewven an elementary study will im~
mediately show that drought 18 usually not an isolated phenomenon. It is
often widespread over a large area simultaneously, liké'othgr climatic anomaliés,
and as such a consequence of large-scale anomalies iIn the atmospheric circula-
tion patterns: These anomalies are hemispheriec or even global im character
(Flohn, 1973; National Science Board, 1973). And, although we. can readily
recognize the contemporaneous assoclations, very little is known sbout ante~
cedent conditions and even less about how to forecast them (Namias, -1974).

One can not rule out the possibility of extraterrestrial (solar) influences.
We -ghall refer back to these broad problems again.

-Yet climatological and statistical analyses do not leave us entirely help-
less vis-a-vis the drought phenomenon. One eclear indfcation these studies
give 18 the fact that drought is a recurrent phenomenon., There iz no need
to invoke climatic change as a cause each time drought occura. Quite the
contrary 1s.evident: drought is an integral, if irregular, component of
climate as it exists now.-'Particulafly exposed to this scourge are climates
with low amounts of rainfall, even if they are not generaily devoid of vege-
tation and capable of supporting some agriculture in normal and good years.

The endangered areas are readily evident in a geographical sense and
cldzsely tied to the broad patterns of the general circulation of the atmos-
phere. - Reglons at the fringes of the semi-permanent subtrepilcal high pres-
sure cells have notorious problems. Others, less frequently involved, but
still notably affected, are parts of the world where summer wonsconal cir-
culations are the principal rain bringers. The role of sea-surface tempera-
tures, either influenced by cold currents or wind-induced upwelling, is zlso
quite obvicus. In many instances all three factors interact. This .can be

Al

schematically seen in the spectacular rainfall gradient with respect to lati-
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.tude first discussed by Lydolph (21957}, (Figure 1}. In a temporal sense,
. the variations in the general circulation are closely tied to the tempera-

ture gradient between the Equateor and Pole. KXorff and Fiohn {(1969) have demon- .

strated the dependence of the position of the subtropical high pressurs cell.

‘in both hemispheres on upper tropospheric temperature differences (Figure 2.

Even in relatively short intervals of time shifts of the subtropical iiighs

can affect the available precipitation amounts materially. Ganor (1963) showed .
© this In an interesting fashion for Israel by mapping the position of the boun- .

. dary of aridity. Using Thornthwaite's index value of P/E < 16 he not only

demonstrated high veriability from water year to water year bui indicated a

wobble of a degree of latitude in the time span of 20 years (Figure 3). . This

- :probably did, b} no.maané; include the extreme positions to be expected in the

present climatic era. Thornthwaite (1941b) had mapped the P/E indices for the

- United States for a 40-year span which included one of the major drought peri-

" ods experienced.over a large part of the country .(Figure 4). ZIn this region

of the world the precipitation pattern is generally not governed by the lati-

. tudinal position of the subtropical high, although through monsconal cur-
. rents and development of tropical storms it 1s not entirely independent of it..
-However; the main reason for drought in. the area east of the Rocky Mountains .

- 18 .the position-of the major troughe in the tropospheric Westerlies that.

elther permit or block influx of moist air from the Gulf of Mexico and the
subtropical Atlantic Ocean. From the 40—year span the boundary of the .
P/® ratio < 32 (semi-arid), was derived as 4 statistical probability of oc-
currence with 1%, 50% anrd 99% iikelihood. This shows a longltudinal dif-

ference of 18 degrees between the lowest and highest of these probabilities.

-One can demonstrate about the same thing by mapping the yearly posicion of

the 400 mm annual ischyet, (Figure 5).. This value, in middle latitudes, is
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a reasonably good indicatér of the boundary below which crops can only be
grown with temporary or permanent supplemental irrigation.

These simple representations are indicative of where the endangered crop
areas are but further statistical analysis reveals greater detail of the
precipitatrion values that can be expected at variocus levels of probahility.
One convenient such measure is the probability of getting between at least 75
and not more than 125 percent of the long-term average.

The relative wariability 1s a statistic cthat permits, on the other hand,
comparisons between areas of non~umiform syneptic régimes. Just as Biel (1929)
and,Cpnrad {(1941) had already implied[many areas of small annual precipitation
have the highest relative variation (Figure 6). Hershfield (1966) demonstra-
ted this very vividly for the U. 8. (Figure 7). This author also showed -
that the coefficient of variation has a smooth curvilinear relation to the
total number of days with precipitation ¢ 0.25 mm)} (Figure 8). The less
frequent the precipitation, the highgr will be the coefficient of wvariation
of annual totals., This is, 6f course, nothing but a reflection gf the fre-
quency of rain-producing synoptic weather patterns. These patterns are also
those producing clouds. This is an wmfortunate circumstance for only tempo-
rary dry regions where relief has been sought through raln stimulation.

But cloud seeding presupposes existence of suitable clouds. Analysis of
major dry spells indicates that such c¢louds are absent and little, if any,
hope can be held out that present practices of weather modification can be
gainfully employed to alleviate these droughts.

. Another useful representation is a probability diagram for areas witﬁ
wide divergence of rainfall'amounts, because of orographic contruvl for ex~
ample, but wnder relatively uniform synoptic weather régimes. Such a sta-
tistical abstraction was flrst designed for the ;sland of Oahu, Hawaii

(Landsberg, 195i) (Figure 9). Wallén (1955) showed the applicability for
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Mexico, an entirely different environment. But both areas are characterized
by a wide range of average precipltation values, yet one can give a ready
estimate for the risk of rainfall deficiencies of a given level for all
localities in the area. The mein reason for recalling these older pieces

of work is to emphasize once more emphatically that drought — and often

also excessive rainfall - have to be viewed in a setting of the large-scale
synoptic patterns and their anomalies.

A global view of the drought prﬁbleﬂ will quicklf convinece anyone of
its dimensions. A great deal of pertinenp information has been accumulated
by the, now terminated, arid zone project of UNESCO. Results were summarized
in 28 monographs. One has to refer to the arid zones in ihis context be~-
cause their margins are most endangered by drought. They are also among the
densely populated areas because of their therimal suitability for settlement.

Walton (1971).has given a very good geographical overview of the dry-

. 1and problems and Meigs (1953, 1957) has presented world charts of the ex-

tent of dry lands on the basis of Thornthwaite's P/E index. The vast areas
concerned are clearly evident from Tsble 11, which shows that these lands
comprise 48 ﬁillion square kilometers of the continents {omitting Antarctica -
and Greenland). As stated bafore, the proximity te dry land governs the
overall variaéility'of rainfall which can'belclearly shown on maps previous}y
referred to., Of the land areas only those in the zone of the mid-latitude
westerlles and tfopical convergence zone have feasoﬁably reliﬁble precipita-
tion. Much of the major crob-producing iand {excluding forest products)
is in these zones, (Figure 10). 3Byt aimosi none of these, and certainly
not the riskier agricultural areas, have been spared drought of a damag-
ing nature at least once in the past quarter centu?y {Figure 11).

Much can be learned from careful analysis of droughts in specific re-

gions .of the world. The United States, although only 2 per cent of the
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earth's sgrface, but producing cloge to 20 per cent of the world's total
grains, offer maﬂy lessons in the study of drought. Again, they have been

a recurrent event..; In the 1930's they caused a major disaster, The ground
became bare in the Great Plains and the fierce winds carried millions of tons
of top soil as far as the Atiantic seaboard. Farms became desolate and ten
thousands of'%armers and their famllies had to migrate from Kangas, Oklahoma,
Arkansas, and other states to less affected reglons in search of a liveli-
hood. This disaster led to much research on scil conséxvation and on the
weather factors responsible for the arought.

One result of this research was the development of an index capable of
assessing the severity of drought by W. C. Palmer (1963). The index encom-
passes not only precipitation and evapotranspiration but also soll and cli-
matic factors appropriate for the region. It is an accumulative parameter
whiéh not only rpermits gauging of present conditions but also indicates,

" retrospectively, the beginning and end of drought pericds. The index vividly
portrays the widespread character of the 1934 drought during the crop season. -
Although this turned out to be the drought of a century in the area affected,
only 22 years later a major rain deficiency again plagued the region.

One might argue at this point that the area in which these droughts in
the United States were most severe is located in the longitudinal band that
showed much variability and it .is, indeed, a belt with considerable agric¢ul-
tural risk. However, other areas are not excepted from occasional and, scame-
times, persistent rainfall deficien;y. Th;s was the case in the 1960's in the
northeastezrn part of the country. It led to severe water shortages in. the
densely settled and industrialized coastal belt from Maryland to Massachusetts.
Cunulative deficits in 1966 had reached over750 millimeters and in some spots
exceeded the total of an average yeaf's precipitation (Russell et al., 1970}.

The values of such deficits for the pooled data of three long-record stations
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for a 96-year interval yielded a very good, statistically normal distribuﬁion
{¥igure 12}, This anglysis showed that about once in 130 years such a deficit
is entirely within the realm of variability of the precipitation regime, i.e.,
rare but not outside of expectation.

In this particular instance, the effects on indus;ries, which are copious
consumers of water, and on water supply and sewage disposal systems of large
municipalities were severe. In the agricultural sector there were also the
hardships common to drought, aggravated in this area by widespread damage
to ornamental and fruit-producing trees. Missing an annual crop due to
drought is bad enough but a killed fruit tree has to be removed and repliaced.
It will take several years for a .new tree to bear, long after fields and
pastures have  recovered. from the 'adﬁerse metéorological event. .-

Let me add here that freak dry epells, in areas otherwise blessed by
adequéte moisture, do occur - sometimes in reiatively isolated smaller areas,
These are best shown by the persistence tendenéy of successive dry days.

The statistics of the longest such interval for each year in a longer period
can be adequately represented by the Gumbel extreme value distribution. An
example of this has been presented by Hershfield (1971) for part of the long,
homogeneous record at Woodstock, Maryland (Figure 13). The analysis shows
that the distribution does indeed fit the data well with exception of the
year 1930 where one dry spell lasted 150 consecutive days. The frequency
analysis would let one expect such an extraordinafy eveutlonly oﬁce in

10,000 years. This occurrence is cited to show that rather singular ex-
tremes can happen and that even a century may offer only an inadequate sample
of the wide range of possibilities for local anomalies in the gereral cirxcula-~
tion. The fact that the muchk rainier conditions prevailing before 1930 were -
restored after this rather singular event should warn one not to jump- to the
hasty conclueion that a climatic change has occurred when a new extreme. is

recorded somewhere.




- 55 -

. Enough long records of precipitation exist in the world, many of them
preserved in that extraordimary source colleection, the World Weather Records,
to which WM members contribute so commendably, that statistical evaluation
1z relatively easy. It turns out that longer time series of annual rainfall
can be adequately represented by statistically normal distributions (Figure 14).
This does not preclude temporal fluctuations in the period investigated, a theme
that will be treated later. At the same time comparison-of the probability dis-
tribution of wvarious localities permits not only an assegsment of precipita-
tion risk factors (both at the high and the low end) but also makes it easy to
compare various precipitation régimes. In a2 linear probability diagram the
stations with reliable rainfall show a flat slope, those with high variabiliry
have a steep slope. We have chosen to look at some of the longest records
qvailable and at some notorious drought-plageed areas. These include the
eastern United States Seaboard (centered at Philadelphia), northwestern Europe
(fberdeen) to represent humid areas; Dakar in Senegal; La Pampa in Argentina
(Prohaska, 1961); Fortaleza, Brazil (Markham, 1974),a northeast Brazilian
station in the tropical convergence zone, to show conditions in pericdically
d?y regions; Seoul, Korea (Sekiguti) and Madras, India, to illustrate the Asian
monsoon areas, and in addition a station at the northern edge of the Sahara
atill under tﬁe influence of westerlies, Three definite slope patterns show.
Particulariy notable is the fact that the monsconal zones have the greatest
slope — a typical feast to famine pattern. It clearly shows the wisdom of
' the ancient hydraulie civilization of the region with water impoundment and
irrigation. It also shows, interestingly enough, the statistical similarity
of the probability pattern in Dakar and the prairie climates of Western
Kansas and Argentina.

Yet the probability functioms, useful as they may be for assessing clima-

ftic.risks, only tell a collective story. Some details can usually be gathered
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. from a closer look at frequency histograms (Figiure 15). Many of the sta-
tieng analyzed show common unimedal distributions. Of those mentioned above

- Philadelphia (230 years) and Seoul, Korea ( ~ 200 yeays) have this form.
In contrast, stand the twe long-record stations in Senegal (Dakar, St. Louis).
Both have nearly a century of data, unfortunately a rarity-in this area under
weather stress. They show that south of the Sahara a bimodal pattern for
annual rainfall, which 18 very seasonal and restricted to the summer solsti-
tial interval, prevails. This occurrenee pattern suggests the prewvalence of -
two régimes of rainfall., The drier of these seems to be governed by the Sa-
haran Influence and tﬁe wetter years- are dominated by deep norihward pene-
tration of the Intertropical Convergence Zone. Clearly, substantial rain-
£all in the area will only occur when the vertical structure of the air
masses permit high-reaching convection, but if the equatorial air masses are -
shallﬁw,“preconditions for rainfall are impaired.

- - The crucial role of the broad features of the large-scale circulation
for the Sudano-Sahelian zone cannot be overstressed. The climatic pattern
of the region (Moral, 1964) demonstrates the precarious situation in this
transition zone where only five degrees of latitude separate areas of abun-~
dant rainfail from desert (Figure 16). It is a continwous battleground be-
tween dry and wet. Parenthetically one should note that the resolution of

| general circulation models.with 5 degree grid spacing is too coarse to cope
with the subtleties of such c¢limatic patterns, |

. It is, of course, tempting to establish diagnostically the conditions

that are assoclated with rainfall anomalies in the Sudano-Sahellan area. Un~-
for;unately, the readily available synoptic material is scanty. But it seemed
interesting to look at least at two receat years with widely divergent rain-
féll values at Dakar. In 1969 seasoﬁal-precipitation was considerabiy above
the average and 1972 was the core of the dxought pericd. The yearly ch;rté -

issued by the Meteorologisches Institut der freien Universitat Berlin sup-
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- plemented by data from other sources were used for the comparison. The two
years were, indeed, quite different. The rainy year in West Africé showed

a weakened Atlantic cilrculation; both the Azoric High and the Icelandic Low
were weakened and thé upper-air contours showed straight zonal flow. (Figures 17-
19}, The temperature anomalies indicated a warm area in the Sghelian zZona with
a warm off-shc'are sector,. (Figure 20). In contrast, there was an intehsified
North Atlantic circulation in 1972. The Anores High was stronger and the pres-
sure in the Icelandic trough zone lowered (Figures 21, 22). I the tropospher-
ic circulation a distinet trough is notable between 0°and 20° W longitude (Fig-
ure 12). There is also a marked megative temperature anomaly off West Africa.
(Figure 24). Although these two cases show divergeant large-scale synoptic
patterns they are at best suggestive for further investigations, The availa-
ble data material, especially the sea-surface temperature valuves in critical
zones‘ adjacent to fi'est_: Africa are inadequate to obtain corroborating evidence
from earlier ﬁears. One should also look for further teleconnections, as sug-
gested by Namias (1974). Diagnostic studies of this type might well furnish
leads toward prognostication of anomalous events. |

There is, however, no question that drought has been a recurrent pheno-

menon. This is reflected in the folklore and religion of all early people.

We find in t_hé pictographs end sculpture of the Mayas a rain god and a drought
‘goddesa attesting to the importance of the water problem in their culture.

And one may also cite in support Chapter 41 of Genesis in the Bible. The

dream of the Pharaoh of fat cattle and full ears of grain compared with lean
animals ana.withered ears of grain, was interpreted by Joseph with a meteo-
rological reference to the temporary prevalence of the dry east wind. We
_may dismiss,the‘referencg to seven good years and seven years of drought

as indication of a cycle, but the passage 1s a definitrive indicationlof im-

pressive rainfall fluctuations in Egypt’ or the sources of the Nils River.
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Year-to~year rainfall at all localities ever studied gxhibits- a typical
‘poise patte;‘h of. altea:-nat;lng ups and downs, Despite the restlessness there
are, however, nearly everywhere conspicuous intervals of shorter or longer -
duration when -thé departure from average seem to be one~sided. This feature
has always been an incentive to the periodicity huntere., Yet in data uni-
verses so-bese;t by irregularities, where 1t may take five decades to obtain
a reasonably stable mean value, this has - by and large — been a disappoint-
.ing enterprise.. Actually, aside from the ‘triviality of diurnal and annual
.‘c_:yclas, no atmeospheric element exhibit? truly periodic character. -There are
at best {rregular rhythms which can 6n1y be discerned as contributors to a -
-pat"ticularl frequency band after a long time series has been obtained. Even -
then, 1if one or .the other banci in Ithe- spectrum exhibits more power than others,
one is élwafs confronged with the question what model ‘to use for tests of eigni-
ficance. Most work in-the past has wmade -comparisons with a whité ;ar red gpectrum. .’
-« In context of droughts let me refer here to a limited materizl only. - Mit-
chell . (1968) has, :for example, calculated a power spectrum for the Palmer drought
index during the summer months for g:he 'long -rainfall series ;st Central Park, -
New York- (Figure 25). This .spacl:lrum shows a number of peaks. Quite signi- -
ficant seems - to ke one -around 3 years; others around-IB, 13, and 40 years are e
. prominent ‘but-'. do not reach the 95 per cent confidence iimit. This is not un-
-tjrpical of results in humid regions.
_--A‘s:lmilar‘attenpt for tﬁe 86—yea1_r rainfall s;aries at Dakarl'(Eleayed' and
. Landsberg, 1973) indicates two prominent pesks. (Figure 26). One is around three -
years, with a m:ll.nor.z-‘;z yvear peak before, the.other at close to 11 years. Both
.of them are c’.l.osa; to statistical significance. There 1s no. ser;lal correlation.
It is also -:lmpor."tant' in c-f\-:r context to stress that the st;atisticai analysis aof the .

Dakar data shows absence of a trend. -This is important because of the many state-
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-

‘ments to the effect thatltha Sudano~Sahelian drought of recent years is a
Tesult of a élim;tic ghange. _
| The intfiguing peak at 11 years, so close to the sunapot rhythm, makes
it difficult to dismiss a possible solar influence on rainfall out of hand.
The appearance of a rhythm-approximating the double sunspot cycle in the
droughts of tﬁe éreat Plains in the United States induce further reflection.
The study of Jagannathan and Parthasarathy (1973) of the rainfall in India
also contains pertinent information. ?he longest series in that analysis
represents the Madras observations since 1813. It is the same sexries of over
150 yearas we used to represent the probab;lity function of the Indlan monsoon.
The data show no significant trend either, but a statistically significant
spectral band between 2.4-2.8 years and another ome betweeﬁ 11.7-13.5 years,
although not entirely secured statistically. The Fortaleza, Brazil (Markham,
1974)‘power-spectrum of annuai précipitation showed a strong peak at 13 years,

" also close to the sol#r cycle, aqd one of the double length. The power in
the 2-3 year interval is .also high.

It may well be coiﬁcidence that four series, widely separated geographi-
cally, show a spectral peak near the frequency of the sunspot rhythm. This -
‘saems to keep the question of solar influence at least open until longer ser-
‘1es become available or a convincing ph}sical model can be adduced. On the -
other hand, the irregular 2 to Jyear pulse is so firmly established in these
and other meteorological time serles that it mst be regarded as‘g fundamental -

- ogcillation of the ccean-atmosphere system even though all current explana-
tions of this phenoménon are implausible and will remain so until the part
the oceans play in the sysfem becoines more clarified than heretofore.

It remains now to inguire 1aatly into the poa?ible_role man plays, other
than a8 a victim, in the drama of drought. Asg we have already seen, &rought is

.a particular menace in the areas marginhl to the truly arid or desert zomes.

+



- 60 -

. There is no doubt that these are ecologically very fragile. Human inter-
;‘.’erence with the natural vegetation can have far-reaching local consequences. -
They . do not change tl;e climate but they do seriously affect the micro-and- -

. meso-~climate locally. There is ample dommntatiqn -flor this, much of it from
observation. of deforestation, .wlfhere it takes heroic measures and great patience
to-re-.establis;h a forest once it has been completely removed. The hfdro—b'io— .
logist Liebmann (1973) expressed the well-founded view that daforestatibﬁ did
not only destroy large parts of the ecology of the Mediterranesm space but -
transformed vast areas of China to ste:ppe and was a contributary cause for
erosion forcing the Mayas to sbandon tI:he.irf towns . |

In the U. S. we had within living memory a vivid demonstration of the
truism of man's detrimental effect on an ecosystem, (morn;hwaite,llﬁla). )
-'The ploughing and bringing into cultivation of the Great Plaing, in the period
of Wo.rld_ War I and the -1920;3 led, during 1;he disastrous drought of the mid- - -
thirtieth to massive wind exosion, and only strenucus efforts by soil coﬁ-
-gervation practices permitted a partial recc;ve;'y from that cat-#mphe.

In other plates, .and the Sahel and parts of North Af'ri'c;.a (Flohn, 1971)
are examples, overgra;zing- has caused similﬁr destruction of the native vege-~
tation. Poor fractices have been excused by the allegation that this was an -
.encroachment of the desert. But the da.;ert' or the precipitation pattern is
‘ not to blame. Misuse has Iadded-texjritofy to the desert and it is primarily
man's fault. A veversal is not impossible, but it will be costly, tedlous,
‘and dr&wp-out process. | -

In conclusion let me state that drought is part and pafcel of the cli-
matic pattern in all parts of the world. It is just as much a piece of the
‘prese.nt-day. climate as are flood-producing excessive rains. These events at
tﬁe wings of the.frequem::y, distribﬁtion are consequences of the osciilations
of the general atmospheriec ciremlation, a broad band o‘£ which is accemmv;.r- :

dated in the climate that has governed the plaiet since the end of the Pleisto-




- 61 -

cene. Unfortunately, the marginal zones of high rainfall wvariability will
always take the brunt of the fluctuations as will the thermally disad-
vantaged belis near tﬁe polar regions (Butzer, 1961). Where in the past
nomadism and migration were the way out of the dilemma, population pres-
sures and political aspects now aggravate the problem. The only. answer

is anticipation and heie the meteorologist can as yet give only inade-
quate help. This re-emphasizes the urgency and scope of the task to fur-

nish extended outlooks on global weather prospects.
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.TABLE I

HISTORICAL SELECTIVE SURYEY OF DROUGHT INDICES

R. Lang (1915). Rain Factor Index % ( <40 arid)
E. de Martonne (1926) Index of Aridity ':E%fﬁ' ( <5"desert™)
P
C. W. Thornthwaite (1931) P/E index B/E = Jort 1,65 (—d%/20 p/E <1
1 t,+12.2
i semiarid
. P/E <16 arid
J. A, Prescott (1949) effective rainfalil = 0,54 E0’7 .
1, P 12py
R. Capot-Rey (1951) Improved aridity index 5 ( =10 + t] 0 )}
H. P. Balley (1958) PE = P/L.025 "> (< 4.6 semi-arid boundary)
2

o e
P, Moral (1964) monthly aridity boundary p, = 'iiﬁ -t +20

W. C..Palmer - (1965) Drought Severii‘:y'.lndex xi = .Ii —:.7_!;:—?-—-:——* / (0.;31t+2.69)
_ , _ t=1 (BE4+R)/(P+L)
A, Y. M, Yao (1969) Moisture stress index . MSI = E/PE

ET = Sb + P SA « So

.Simple indices: meteorological - 250 mm isohyet border of aridity. .
o . : 400 min isohyet border of semi-aridity

agricultural = < 90% of average crop yield.

n
L, e
Statistical measures: absolute average variasbility v, = i i ;€L =P :I;_- :
" {Conrad, 1941) ) )
100v,
relative variability V= =—a
p
Coefficient of variation Cv = ,!-_E_Q_CL
Symbols P
P or p Mean Ammual precipitation [mm] T Mean annual Temperature °C
B Actual aunual evaporation or PE  Annual potential evapotran-
evapotranspiration [mm] . spiration [mm]
Py Individual monthly precipitation t; Individual monthly temperature [°C]
.. [mm ]
P Climatically appropriate water T Number of months
balance for existing conditions L Loss [mm]
X Empirical coefficient So Antecedent soil moisture [mm]
R Recharge [wn] ¢ Standard deviation
8 Soil moisture loss [mm] .




TABII-E 2
DRY LANDS BY CONTINENT (ADAPTED FROM MEIGS,1957)

CONTINENT : DRY AREA -« % OF TOTAL

( MILLIONS OF 5Q. XM. )
AFRICA 18 : b4
ASIA 16 | 39 .
AUSTRALIA & 81
N. AMERICA 4 17
S. AMERICA 3 16
EUROPE 1 1
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Figure 1 - Latitudinel gradient of precipitation near coustal deserts
(after Lydolph, 1957)
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Figure 2 -~ Latitudinal position of subtropical High vs.
tropospheric temperature gradient pole-equator (after
Korff and Flohn, 1969)
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Figur'e- 3 - Averﬁge and extreme positions of P/E index <lé boundary
© in Israel - 1940/1941 to 1959/1960 (aftex Ganor, 1963) ,
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Figure 5 - Mean and extreme positions of 400 mm annval isohyet, - .
Centrol U.S., 1951.1973 '
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Figure 6 - Varicbility of annual precipitotion on earth
(after Conrad, 1941)
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Figure 7 -~ Coefficient of variation of annua
in the U.S, (after Hershfield, 1966) o
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Figure 8 - Coefficient of variation of mean annual precipitation
at U.S. stotions ve. mean annual number of days with precipita-
tionZ 0.25 mm
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Figure 9 = _Probability functions of annual rainfall vs. mean
annuval rainfall in an aree of uniform synoptic régime, Oahu,
Hawaii (after Landsberg, 1951)
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ST'ONE MAJOR CROP' DAMAGING. DROUGHT: T8
(1948 - 1973)
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Figure 11 - Areas on Earth at least once affected by drought
during 1948-1973 interval
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Figure 12 - Probebility distributiom of cumulative departyres from meon far
three stotions in Massachysetts, 1670-1968 (after Ryssel et ol., 1970}
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Figure 13 ~ Probability of dry-spell duration (days € 0,25 mm
precipitation) at Woodstock, Maryland (after Hershfield, 1971)
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at selected localities in differsnt climatic régimes
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Figure 15 - Histograms of relaiive frequencies of annual precipi;

tation amounts at Dakar and St. Louis (Senegal): Seéul (Korea);
and Eastern U.5. Seaboard : :
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SURFACE PRESSURE (M)
DECEMBER 1968 - NOVEMBER 1969

Figure 17 - Surface pressure, Atlantic Space, 1969 - (mo:st
year in Dakar, Senegel)
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. SURFACE PRESSURE DEPARTURES FROM MEAN (M)
DECEMBER 1968 ~ NOVEMBER 1969

Figure 18 - Surface pressure departure from mean, Atlantic

Space, 1969
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300 M CONTOURS
DECEMBER 1968 - NOVEMBER 1960

Figure 19 - 300-mbar contours, Atlontic Space 1969
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Figure 20 - ISI.}_Ide:e temperature departures from mean, Atlantic
Space, 1969 ' ’ -
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SURFACE PRESSURE (Ms) |
DECEMBER 1971 - NOVEMBER 1972

Figure 21 - Surface pressure, Atlantic Space, 1972 (very dry
year in Dakar, Senegal)
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Figure 22 - Suxrface pressure departure from mean, Atluntié
. Space, 1972 '
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300 Ms CONTOURS |
DECEMBER 1971 - NOVEMBER 1972

Figure 23 - 300-mbar contours, Atlantic Space, 1972
AN '



Figure 24 - Surface temperoture departures from mean, Atlantic
Space, 1972 ' .
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Figure 25 - Power spectrum of the Palmer drought index {summer)
at Central Park,. New Yorkl,_ 1_826-1,966 _(af'l:er Mitchell, 1968)
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- Figure 26 - Power spectrum of Dakar, Sen&ﬁul} qnpyu;_pfacipﬁtntion, 1887-1973
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SUMMARY

The observations, measurements and studies which have been carried out since
1970 by -hydrologists of the ORSTOM (0ffice for Overseas Scientific and Technical Re-
search) reveal the complex nature of a drought such as is being experienced in Africa:
complex in its significonce for the various aspects of the economy affected by the
drought - stock-rearing, dry-farming, irrigoted crops, hydro-electricity, etc.; com-
plex in the spatial variations of the severity clong the adversely affected belt
extending from northern Brazil to India. The phenomena may be more readily studied
from the hydrology of the large rivers, for which local singularities are eliminated.

The zone affected in Africa extends from the Sohara to the equatorial forest,
while there is a second zone of drought in southern Africa.

In this study, some exomples ore given of values observed in the northern
hemisphere of mean annual discharges, annual maximum volues of discharges and the -
minimum values which followed in 1972 and, os far os possible, for the year 1973,
particularly for the Senegal, Niger and Chari. The return period of these values for
the two years varies in general from 50 tc 100 yeors. The minimum values which
followed the flood of 1973 are not known ot the time of this study but, in many basins,
the values are lower than those of the preceding year. Even if it is assumed that
the omounts of annual precipitation, giving rise to the discharges during these two
years, are independent (which is probably not the case), the annual flows are
certainly not independent, on account of the soil-moisture deficit, at least in the
flood channel of water courses. This may lead stotisticians to think. As regards
discharges, the present period is somewhat similor to 1913,

This can be seen from a few data relating to the situgtion in Loke Chad in
1973-1974, which is compared with what is known of previous sitvations.



Les observutlons, mesures et études effectuées depuis 1970 par les hydro-

© logues de 1'ORSTOM mettent en évidence le caractidre complexe d'une sécheresse telle
que celle gque l'on observe octuellement en Afrique : complexité dons so significe-
tion pour les divers aspects de l'économie touchds par la sécheresse :-élevage, cul-
ture saches, cultures irriguées, hydroélectricité, etc., complexité dans les vorie-
tions spoticles de sa sévérité sur la longue bonde sinistrée qui va du nord ' du
Brésil jusqu't l'Inde. Les phénoménes sont plus faciles ¥ étudier d'apréds 1’hydro-
logie des grands fleuves pour lesquels les singulurités locales sont éliminées.

Le zone offectde en Afrique s'étend du Sahdra & la forét 6quotor1nle, on
retrouve une seconde zone de sécherease en Afrique austrole. - :

i Le présent exposé donne quelques-exemples des valeurs observées dans 1'hémi-
sphare Nord pour les débits moyens onnuels, les voleurs maximoles annuvelles des dé-
bits et les valeurs minimoles qui leur font suite pour 1'onnée 1972 et, dons lo
masure du possible, pour l'année 1973, en particulier pour le Sénégal, lo Niger ot
le Chari, Lo période de retour de ces caroctéristiques varie en général pour les

.deux années de 50 ans & 100 ans, Les valeurs moximoles qui font suite & lao crue
de 1973 ne sont pas connues & la date de cet exposé mais, dans beavcoup de bassins,
elles sont inférieures & celles de 1'année précédente, Méme si 1'on suppose que les
précipitations annvelles, & l'origine des débits de ces deux onnées, sont indépen-.
. .dontes, ce qui n'est proboblement pas le cos, les volumes annvels écoulés ne “le-

- sont certainement pos par svite du déficit d'humidité des sols, oy moins dans le -
1lit mojeur des cours d'ecu. Ceci peut foire réfléchir les statisticiens.’ La pé-
riode actvelle en ce qui concerne les débits alt assez comparable & clllc de 1913,

. On peut le voir d'aprds quelques donndes sur la sitvotion du lac Tchad. en
1973-1974 -qui est comporée & ce que 1'on sait des situations antérieures. -




PESIME

HaGInIeHud, HEMEDPeHWd M NCCAeZOBAHZA, KOTODHE BEOYTCA THEDOIOTE~
Mz QRSTOM (BezoMcTBO 3apyCeXHHX Texﬁnqebnnx uccaenosannﬁ) c-1970 T.
NOKA3HBAKT CHOEHH# XapaKTep 3acyxH,Haliwniaemolf B Afpuke; CHIOXHAS N0 3IHAYE~
HED CBOEl'0 BJHAHNA Ha DABIHUYHHEG ACTHEHKTH DKOHOMUKH: XUBOTHOBOJCTBO, forap-
HEoe SeMIcTelHe, NOAEBHHEe CelbeRoXoszgalcTBeHHHe KYIBTYPH, rﬁnpoéﬂepram- u .
T.L; CHAOXHAS HO EDOCTPAHCTBOHHHM KOoIZeSanuaAM nnmencnsuocmn BIONE CHNBEHO MO-
pagasMoit 30HH, npocmzpammeﬂcﬂ 0T cepepEO# wacry Bpaannnn A0 WHgrm. JTH AB-
JeHUS PacyXH MoxHo Gokee XeTKO HCCAeFOBAThH N0 THIPOJOTHH 6oxsmnx pek, Ias
KOTOPHX HCRIDYADTCA MeCTHHe 0C0O&HHOCTH.

Mopaxengas sacyxoc#ft zoEa B AfpHRe upocTHpaeTca 0T Caxapw IO SKBATO-—
PUANBLHNX I€COB, B TO Xe BDEMA HMeeTcs BTODAf 30HA 3acyXu B Dxuo#t Afpuxe.

B sTOM HCCIGEOBAHHE NPHEEJEHH HeROTopHé npumeps HalbaoprieHEHHEX B Ce-—
BEPHOM HOIYyWaPHH BEJIWUMH CPEeJHHX TONOBHXK pPACXON0B, MAKCHMAIRHHX TOJOBHX
PaSCXOJ0E ¥ MHHHMAILHHX DacXoIQ0B, KGTOPHe HaﬁnnnaxHCL B 1972 r., a Tarxe
H B3 1273 r., ocofeHHo B (eHerane, Hurepe u Yapm. -~ Hurepnan nosmopseuocwn
STHX BEIWUHH [LIf 3THX IBYX XeT B ofmeM koxebumercs oT 50 zo 100 zmeT., Beam-
YAHH MEHEMAJNBHHX PacXofoB, KOTOpHE NDOCAeIOBAJM Ba OaBoIKoM 1973 r., He
fpAM M3BEOTHH BO BpeMA 5TOTO HecNeLOBaHNA, HO BO MHOTEX OaccellHax BeJMYHHH
pacxomon ﬁzxe ndicpaBHeHHm ¢ BeNHUMHAMH 38 NpejmecTByDuni fon; Bean gpame
IPeENcACXUTE, UTO KONAHUECTBO €EerOLHHX OCAIKOB, BHBBARNCE YBEIHYSHHE DPac—
XONOB 234 HepPHOSL BTUX ABYX ZeT, SBAACTCA HEB3ABHCHMHM (UTO, BepPOATHO, He TAK),
TO T'oFoBo# CTOK, KUHeUHO, He ABIAETCA _HeBaBUCHMHM., BBEIY ne@ﬁnﬁwa BIAXHOCTH
mo4YBH, 0 kpafiHelt mMepe, B TaBOIZKOBOM Pycie BOZOTOKOB, 3To BOZMOXHC 3acTa-—
BHT CTATHCTUKOE HOLYMATH, UTO KAGASTOA DAGXOXOB, TO HuHEmHRE MepPHOX HEC-
KOABKO EHAIOIHUEH nepHOERy 1913 r:

9T0 MOEHO BHEETEH 0 HeGOXBLOMY KOIHUSCTBY RAHHHX, CBABAHHHX C CHBYa-
nueft Ha osepe Yax B 1973-1974 rr., KOTOPHE CPaBHHBaWTCA ¢ HeGOIBEHM KOIH-
YeCoTBOM HBBEGTEHX JAaHHHX OpelHIYEREX cHryaunfi.



RESUMEN

Las observaciones, medidas y estudios efectuvados por los hidrélaogos del

ORSTOM desde 1970 revelan la indole compleja de ia sequia que actualmente se observa
en Africa: complejidod en su significacién, por los diversos aspectoz de la economia
afectados por la sequfo, tales como cria de ganado, cultivos secos, cultiveos de rego-
dié, hidroelectricidad, etc.; complejidad de las variociones espacicles irregulares
y complejos de lo gravedad de eso sequia en la zona afectada que se extiende del nor-
te del Brasil hasta la India., Los fendmenos son més fdciles de estudiar o pertir de
la hidrolegio de los grundes rios, en los que las particularidodes locales quedan eli-
minadas. :

) ) Le zono ofectada en Africa se extiende del Sahara a la selva ecvatoriol.
En Africa austrol se puede observar = una segunda zono de sequia. o

, -En el presente estudio figuran algunos ejemplos de los valores observados

en el hemigferio norte en lo que respecte o los caudoles anvales medios, '‘a los valo-
res méxinos anuales de los coudcles y o los volores minimos observedos dvrante el
aiio 1972 y, en lo medida de lo posible, durante el affo 1973, particularmente en
Senegal, Niger y Chari. El periodo de retorno de esas caracteristicas pora los dos
afos vorio por lo general de 50 a 100 gfios.  Los valores minimos que se observaron
después de la crecida de 1973 no se conocen al momento de redactar el presente estu-
dio, pero en muchas cuencas esos volores son inferiores o los del afioc anterior. In-
- cluso si se da por supuesto que las precipituciones anuales que han originado los
cavdales de esos dos afios son independientes (lo cual no es probablemente el caso),
los vollmenes anuales del flujo no son ciertamente independientes, debido ol déficit
. de humedad de los suelos, al menos en el cauce o lecho mayor de los cursos de agva.

Esto puede dar que pensar a los estadistas. En lo que respecta o los caovdales, el
- actual periodo es bostante anflogo al del offio 1913,

Esto.puede verse observande algunos datos reletivos o la sitvacién del lago
. Chad en 1973-1974, que se compara con lo que ss sabe de los situaciones onteriores.
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Il n'est pas facile de donner des sécheresses une définition qui puvisse sa-
tisfaire tous les spécialistes intéresséds par leurs divers aspects et c'est d'ail-
leurs une des raisons pour lesquelles il a été difficile de donner de la consistonce
aux projets qui avaient été prévus ou début de la décennie hydrologique internatio-
nale pour 1l'étude de ce sujet. :

En effet, la sécheresse correspond & une insuffisance temporaire d'eav, que
cette equ provienne des pluies ou des apports d'une rividre, mais il n'est pas né-
cessaire que cette insuffisance affecte la totalité de l'année hydrologique, ou méme
de lo saison des pluies, pour qu'elle porte préjudice oux populotions affectées par
cette sédcheresse; il suffit qu'elle se produvise ¥ un moment critique pour la végdta-
tion, par exemple, ou que le début de la crue annuelle soit retardé de facon signi-
ficative, alors que les apports annuels sont ou totol tout & fait normaux.

Il n'est pas rare d'observer des anndes pour lesquelles les précipitations
présentent un total relativement déficitoire wais une distribution temporelle excel-
lente pour les cultures non irriguées alors que l'écoulement dans les rividres est
bien plus faible que d'ordinaire; l'agriculteur qui protique la culture non irriguéde
o des raisons d'étre satisfait, l'exploitant de centrale hydroélectrique qui voit ses
barrages & moitié vides ne l'est paos du tout et estime que l'année est sdche et il
peut en 8tre de méme de l'agriculteur installé dans les périmétres d'irrigation.

De méme, les conditions optimoles pour le remplissage des nappes sont loin
de correspondre oux conditions optimoles pour l'écoulement superficiel ov pouwrl'agri-
culture. Notons enfin que, dans les zones arides, une année peut &tre sadche pour
ies cultures non irriguées et ne paos 1'&tre pour 1'élevage extensif. Dans ce der-
nier cos, il suffit que les pluies permeittent la germination et lo croissance de la
végétation utilisée par les animaux, meis il n'est pas nécesscire que la mojorité
des groines parvienne d moturité (il faut aussi que le bétail trouve de l'sou dans
les puits et les mares). Lo culture non irriguée est nettement plus exigeante.

Mais, dons les cas extrémes, par exemple lorsque dans le nord-est du Brésil
on observe deux années consécutives pratiquement sons pluie, la sécheresse uffecte
tous les usages de l'eau et il y o accord unanime pour la reconnaitre.

Les considérations qui précédent montrent la complexité du probldme et ex-
pliguent pourquoi on ne peut pas affecter la méme fréquence statistique ¥ une sé-
cheresse suivant l'aspect particulier que 1'on considdre : élevage, cultures non ir-
riguées, total pluviométrique, volume total des débits, débit minimal de bosses eauyx,
etc. '

Molheureusement la sécheresse qui, deﬁuis 1970-1971, affecte 1'Afrique tropi-
cale au sud du Sohara est suffisomment sévdre pour présenter un caractdre excepiion-
nel quels que scient les aspects que l'on considére.

On limitera cet exposé sommoire & un examen rapide des précipitations et uyne
analyse un peu plus approfondie des débits des cours d'eau parmi la zone le plus af-
fectée, Nous disposons pour cette zone d'une documentation de base cssez volumi-
neuse puisqu’une quinzaine de nos hydrologues et de nos hydrométristes y travaillent
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. permanence depuis une vingtoine d'années et que nous avons dépovillé, revalorisé
et 1nterpr6té les données anciennes pluv1om6tr1ques et hydroméiriques depuis 1'origine .

des observations.

Mais, méme en restreignant l'étude de la sécheresse & cte seul aspect hydro-
- logique, on se heurte encore - & un second ordre de difficultés; molgré le caractdre
. ossez homogane des caroctéristiques physiographiques de I'Afrique de 1'Ovest et.la
relative simplicité des mouvements des mosses d'oir qui commandent la soisen des
pluies, les précipitations et les débits observés présentent des déficits assez va-
riobles d'un point & un autre si l'examen se limite & des syrfaces inférieures &
quelques milliers de km2. Por exemple, en 1972, en Haute-Volta, lo région de
Ouagadougou et une bonne partie dv sud et du sudeest du pays ont été relotivement
épargnées. Dons la République du Niger, dans le bassin de lo Maggia (2500 km2), le
volume qui s'est écouléd pendont la saison des pluies n'est dépossé que - six anndes’
sur.dix. - I1. y a méme ey pendant les scisons des pluies 1972 et 1973 des cruves ex-
ceptionnelles de périodes de retour de dix ans sur certains petits cours d'eau;
L'exemple du bassin alimentant le 1ac de Bom, ou nord de lo Haute-Volta, est trés
significatif. . '

- - Alors gu'une bonne partie de ce bassin o regu en 1973 des précipitations net-
tement. inférieures & leo loyenne, .les régions voisines du lac-ont subi une overse-ex-
ceptionnelle de sorte qu'en définitive le niveau de ce lac o dépasaé en 1973 tous
ceux qui avaient été observés depuis une dizoine d'année. S

: Une autre dszzculté vient s'ajouvter 4 ces quelques irrégularités spotiales,
! ost la faoible densité dv résecu.pluviométrique et la quolité tris 1négole das :
raelevés actuels.

..Pour ces diverses raiscns, 1'étude des débits des. gronds fleuves, pour 1lo--
.. quelle les anomalies locales et de nombreuses erreurs se trouvent éliminées, conduit -
‘& des résultates plus faciles & interpréter. Nous lo compléterons par 1'6tude du lac
* Tchod qu; se comporte un pev comme un gigantesque pluviomdtre naturel. - : :

Sans pouvoir déllmlter exactement l'extension de cette sécheresse du fait de

- _certaines locunes dans nos éléments d’information, nous pouvons indiquer qu'elle ne

te limite pos, loin de l&, -au continent ofricain. Le nord-est du Brésil et 1'Inde .

sont ‘gravement touchés et 1'Indochine l'ouroit-été sans deux perturbations. cycloniques

- .qui ont relevé sensiblement les totaux pluviométriques annuels et les volumes d'écou-
lement annvels pour 1972, :

Certaines parties-des régions tempérées ont connu en méme temps une séchew:
-resse de coractdre parfois exceptionnel, trés voriaoble d'une région & une autre, no:s,
comme tuujours ‘dans ces-régions, les phénomiénes sont moins simples. -

: Comme novs 1'ovons observé pour -la sécheresse de 1958 dans les régions équo=
. toriales plus cu sud, ce genre de sécheresse s'étend suivant des bandes & peu pris
paralldles 3 l1'équateur. - -

Pour 1'Afrique en 1972 ot 1973, le phénﬁn&nt est trds net. Les régions si~
. tuéee au sud du Sohara ont 6té tris touchées depuis le Sénégal : et la.Mauritenie
]usqu'a 1*'Ethiopie.




-99 -

Plus au sud, dans la mojeuvre portie de la Céte-d'Ivoire, le Tego, le Dghomey
et une partie du Comeroun, on reldve des débits égolement déficitaires, mais le ca-
ractére de ce déficit est moins dramatique si les périodes de retour sont les m8mes,

l.es régions méridionoles, sud du Coameroun, Gabon, sud dv Congo, n'ont pas
présenté de déficit trés marqué. Por contre, au sud du Zaire commence une nouvelle
bande déficitoire. -

Le fait de ne considérer que les précipitations et les débits simplifie le
probléme mois nous irons plus loin dans la schématisation en ne considérant que
quaotre éléments : le totol des précipitations annuvelles pour l'année calendaire 1972,
le volume de ruissellement des cours d'eau ou le débit moyen annuel pendent 1'onnée
calendoire 1972 (ou l'année hydrologique 1972-1973) pour certains grands cours d'eau,
le débit moximol de 24 heures pour l'annde 1972 et le débit minimal pour la scison
séche qui a suivi la crue de 1972,

Pour 1'année 1973, nous avons considéré en principe les mdmes éléments sauf
les valeurs minimales des débits gui ne sont pos encore toutes connues cctuellement.

L'étude de la répartition mensuelle des précipitotions seramit tout cussi im-
portante m8me au simple point de vue hydrologique, mais cette unulysa nous entraine-
rait trop loin. :

Etude des précipitotions onnuelles

Nous serons trds brefs sur ce point pour iequel un certain nombre de cartes
synthétiques ont été publiées (ASECNA, étude E.G, Davy). Etant donné la qualité iné-
gole des observations, on n'a pris en considération pour 1972 et 1973 qu'un petit
nombre de stations pluviométriques bien connues pour le caractadre sérisux de leurs
observations, : .

En allant du nord ov sud, en partant du c¢entre du Scohara, et en considérant
dee bandes paralldles b l'équateur, on trouve d'abord la zone typiquement saherienne
pour laquelle la hauteur des précipitations moyenne annuelle est inférieure & 100 wmm,
Pour cette zone ol il n'est pas rare que les précipitations annuelles soient nulles
et ob lo densitd des stations pluviométriques est extr8mement foible, les données
des stations ne sont pos d"un grond secours. on scit simplement de fagon quulitot:ve
que les anndes 1972 et 1973 ont été trds siéches.

Plus av sud, la densité des stotions est syffisante pour que 1'on puisse or.
river & une impression génércle. Depuis le Soudon jusqu'd l'Atlantique, 1'année 1972
o été extrémement séche sur la baonde comprise entre les ischy2tes 100 mm et 300 mm,
limitée au sud par une ligne qui posse un peu au nord du fleuve Sénégaol, & 1'ovest,
et qui coupe le lac Tchad & 1'est., Dans cette région, quelques données tendaient &
prouver que tous les 30 ou 50 ans les précipitotions onnuelles descendaient jusqu'a
des voleurs comprises entre 30 et 60 mm pour des moyennes de longue durée de 200
4 500 mm. . Ceci a été largement confirmé puisque, dans lu zone en question, ont été
observées en 1972 un bon nombre de haouteurs annuelles comprises entre 45 et 80 mm
(déficit de 1'ordre de 75%). Pour de telles hauteurs les phénoménes de ruisselle-
ment deviennent trds rores et la culture du petit mil est en général impossible.
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- Au sud de cette zone, entre les isohydtes annuvelles 300 mm et 750 mm, l'agri-
culture intéresse des surfaces beaucoup plus importantes et connait en- année normale -
des conditions becucoup moins précaires; le déficit en valeur relative poratt  nete.
tement moins -élevé. mois les conséquences protiques ont été tout aussi groves; entre
les isohydtes 300 et 400 mm, le déficit varie générolement de 60 & 50%; enfin plus
av sud, il varie entre 40 et 25%., La période de retour verie entre dix et 50 ans -
pour 1972, alors qu'elle était souvent comprise entre 50 et 100 ans dans lac  zone
précédente, touvjour pour 1972, :

: 5i 1'on considdre lo bonde comprise entre les iyohydtes 100 et 750 mm pour
1971, les précipitations sont généralement plus élevées., Pour 1973, dons l'ensemble

-.elles sont un peu plus fortes, mois certaines régions épargnées en.1972 ne 1l'ont pas

été en 1973 et on retrouve pour cette dernidre snnée un nombre non négligeable de
valaurs nininalealebsoluds correspondont & des périodes de retour de 50 ov 100 ans -
pour des postes qui, en 1972, avaient présenté des fréquences nettement plus élevées.
Lo réport;t;on des pr6c1p1tntions mensvelles a par endroits été plus fovorable aux

- piturages qu'en 1972,

Pendonf la période sdche 1941.1945, dont lo sévéritéd o été un ~peu . Roins
grave, le sinimum avait été atteint pour les diverses stations pendant 1'une des an-
ndes de cette période, Cette fois-ci, pour trouver le minimum, il fout considérer
1'une des ces deux cnnés et parfois 1971, On peuvt procéder pour cette zone & une

-comparcison irds grossidre ovec la grande sécheresse de 1907.1914 car il existe quel-
ques relevés pluvioméiriques assez anciens & l'intérieur du continent. L'année 1913
- parait avoir été plus sdche que 1972 ou 1973,. mais il ne semble pas qu'dy cette épo-

que. 1'ensembie des deux annédes 1913-1914 ait été aussi d‘f;c;tuxra que l'ense-ble
des deux anndes 1972-1973.-

Au—dei&,-ln période 1890-1900 o été excédentaire et avant 1890 il n'existdit

-.quehquelques-stutions sur la cdte du Sénégal. On trouve-quelques. indices d'une pé-

‘riode sdche juste oprds 1860.

- Au: sud de- l'isohyéte -750 .om, - lo- s;tunt1on ‘est. beaucoup plus confuse en 1972 - -

.-coume en 1973; on trouve trés souvent une situdtion déficitoire mois ovec des fré~-

- quences . trds .variobles.. Lo période de retour varie souvent entre irois ans et 25
..-ans.avec 50 ons pour quelques stations, mois d'assez vastes régions présentent. des

situations . voisines de la moyenne.: sud-est et sud de lo Houte-Volia, par exempls, .
en 1972, ' : ' :

L"examen des relevés ‘de débits des gronds cours d'eou qui droinent.ces ré-
glons permet d'arrxver plus facilement & une vue d'ensemble de la s‘cheresse en

1972 ot 1973.

- CARACTERISTIQUES DES DEBITS DES GRANDS COURS D'EAU TROPICAUX D'AFRIGUE EN 1972

ET 1973

Une étude d’ensemble des cours d'eau originecires de la zone sahélienne serait
perticulidrement intéresscnte; malhesureusement, il se trouve que seuls ceux dv nord-.
est de la Hovte-Volta et ceux de la République du Niger ont fait 1'objet d'observa-
tions régulidres en 1972 et 1973 et une bonne partie d'entre eux sont situés. dans.




des zones relativement éporgnées par la sécheresse. Les déficits atteignent parfois
50 ¥ 75% pour le volume annvel mais la période de retour est rorement supérievre ¥
dix ans. Il n'en ourait pas ét§ de méme pour les cours d'eav de Mavritanie et peut-
&tre du Tchad, en 1972, qui ont trés proboblenent présenté des pér;odes de retour

de 50 ons,

La situation est -tras différente pour les grands fleuves situés plus av sud
pour lesquels on dispose d'une documentation compldte. Dans 1'hémisphére Nord, ces
grands cours d'ecu sont,de l'ovest & l'est, le Sénégal, le Niger, le Volta,la Benoue,
la Sannga, la Sangha, le Chari, 1'Oubangui ét-le Nil bleu. La plupart d'entre eux ont
été l'objet de Monographies pour lesquelles une revalorisation :compléte des données
anciennes a été faite; les courbes de transformation hauteur/aébit sont slres et
précises jusqu'ov maximum de débits, quont aux voleur&-m;nanles, elles ont fait
1'objet de javgeages systénuthues en 1972, 1973 et 1974. ’ .

Le Sénégal, le Niger, le Chari et le Nil, qu; traversent oy re}01gnent le
Sahel, sont les plus intéressants. -

La sécheresse de 1972 et de 1973 a sévi sur tbus ces bassins avec, pour les

diverses caractéristiques, des pérlodes de- retour qui attelgnent souvent 50 ou
100 ans.

Nous extrayons du tableau qui sera présenté conjointement pu;l'AISH et 1'OMM
les données relatives & trois staiions concernant le Sénégol, le Niger et le Chari.

A titre de comparaison, nous y avons joint les données d'une station carac-
tér;st:que du nord-est du Brésil, le Rio Jaguéribe, & Arneiroz, qui met bien en
évidence des fréquences comparables wmais avec vne irrégulorité lnterunnuelle beau-
coup plus forte que pour les trois gronds fleuves africains, .

Certaines valeurs des fréquences sont foussées dans une certeine mesure par
le choix de 1'année colendaire ou liev de l'année hydrologique pour lo détermina-
tion des modules de 1972 et 1973, On vérifie bien ce que nous " ont indiqué les
données pluviométriques : les périodes de retour sont voisines de 50 ¥ 100 ans.

Svivont les bossins, l'années 1973 est plus sdche ou moins que 1'cnnée 1972.
Notons que comme le Logone, dont le régime est assez comparable, le Hout-Niger a été
relativement favorisé pour l'année 1972. De fagon générele, les débits moximaux ont
été moins affectés par la sécheresse en 1973 que les débits moyens annuels.

Nows présentons ci-oprés les courbes de distribution des débits maximaux du
Sénégol & Bakel, des modules ou débits moyens annuels du Niger & Koulikoro, des dé-
bite moximaux annuels du Chari & Ndjomena (Fort-Lamy) et des débits minimoux annuvels.

Pour ces graonds fleuves, surtout pour le Chori, il y a une assez bonne corré-
lation linéaire entre les modules et les valeurs maximcles des débits, de sorte que
les courbes de distribution des modules et des valeurs maxlmales sont & peu prés
les mémes,



Sta'f;ions

Max imum

‘Hoyer'ine .annuelle

Minimum 3

1973

1973

Moyenne - 1972 | Moyenne 1972 1573 Moyenne. _

. m?_'/s - fréquence 'frléque'nce m3/s_ - fréquence | fréquence m3 /s fréquence
Sénégal & 4750 1430 | 28520 764 264 367 2,3 0,25
2“;:;"300 kn2 (69 ans) | 0,02 [ 0,08 B © 0,01 - 0,05 _ 0,02 ~ 0,05
Niger & 6 250 . 3680 | 4140 1560 [ 1080 903 | 46,6 16
f;glsgg’: 2 (67 ane) | . 0,02 | 0,05 - 0,10 -0,02 ' 0,01
Chari & 350 | 143 | 2130 | 1280 578 577|163 8
m“:;;g“k 2 (37 ons) | ‘o,01. 0,04 : 0,01-0,02| 0,01-0,02 0,001
Rio Jaguaribe 210 .'#.'o' 3,5 o .

a Arrlsu_-oz . 0,03 : 0’03-

= 20f ~
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. La distribution est presque gaussique pour le Niger & Koulikoro et le Sénégal
& Bokel, elle est légdrement hypogaussique pour le Chari. C'est 1& l'effet des per-
tes dans les ploines d'inondation. Lo courbe du Jaguaribe est au contraire dissymé-
trique : hypergaussique comme il convient & la plupart des cours d'eoav de régions
semi~arides,

On voit que, pour le Sénégal, le maximum de 1972 est légérement 1nférleur &
celui de 1913 et nettement inférieur & celui de 1973. L‘'année 1944 est comprise
entre 1973 et 1?913. Pour le Niger & Koulikoro, l'annde 1913 est . la plus faible,
1973 étant encadrée poar 1913 et 1914; 1972 est un peuw plus forte. Les années 1942 et
1944 sont comprises entre 1973 et 1914. Le ressout que l'on voit dans le haut de
la courbe ne correspond ni & une erreur de mesure ni & une erreur de dessin. L'échan-
tillon statistique est encore trop fouible pour que lo courbe de distribution soit
bien lisse dans le partie havte, Pour le Chari & Fort-Lamy, on ne connait pas
le moximum de 1913, mais on o observé le niveav du loc Tchad et, d'oprés celui-ci,
on peut en déduire que le débit meximal de 1913 o été voisin de celui de 1972, Celui-
ci est nettement inférieur au module de 1973, lequel est voisin de ceux de 1940 et
1941, Pour le Rio Jaguaribe, on reladve un module nul en 1915 et un autre en 1958
(période sdche dans les régions équatoriales). L'année 1942 est tris faible avec .
un module de 0,39 m3/s (fréquance décennale). : ' :

On voit que pour ces quutre stations 1'une des deux années 1972 ou 1973 a
une période de retour trés voisine de celle de 1913, l'une quelconque des -années
comprises entre 1941 et 1945 vient duns presque tous les cas se placer un peu cu-
dessus de l'année la plus faible des deux (1972 ou 1973).

Pour les valeurs minimales annvelles 1'étude est plus difficile, . les chro-
nigques dont on dispose sont beducoup moins longues et lo valeur de ce minimum dépend
non seulement de 1l'importance de la crue précédente mois oussi de la plus ou moins
grande précocité de la saison des pluies suivante. Les voleurs minimales de 1973 ont
toutes chonces d'étre plus faibles que celles de 1972, L'étude des basses eaux mon-
tre évidemment que, dons des cas pareils, les débits de toute la période de basses
ecux et par suite les débits moyens annuvels d'une année ne sont pas indépendants de
ceux de l'année précédente. Ceci tient & lo nécessité de rechurger les nappes et
les cuvettes de lits majeurs tris vostes. Il en est de médme, bien slr, pour les ane
nées trds humides. '

L'hypothdse de base des valeurs annuelles statistiquement indépendantes n'est
qu'une approximation, méme si on syppose les précipitotions annuelles indépendantes,
et il y aurait beaucoup & dire sur ce dernier point. Ceci devrait foire réfléchir
tous ceux qui se loncent & corps perdv dons des roffinements subtils sur les valeurs
extrémes sans approfondir la nature physique dee phénoménes.

Sans vouloir aborder la question des cycles qui ne nous condevirait & rien
de protique, essayons de voir, d'eprds le comportement du loc Tchad, quelle a éié
la série des évémements sur une période plus longue. Le lac Tchad est une cuvette
fermée dont 1'eou s'évapore & raison de 2,20 m par on. Lorsqu'elle est bien pleine,
comme il y o une dizaine d'années, sa superficie était voisine de 22 000 km2, mais
le lac a été complitement csséché ou cours de la période des 50 000 dernidres onnées
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(son fond est constitué por de# dunes pos tras anéxennes), il o également débordé
trds cu-deld des 22 000 km2 puisqu'il olloit ]usqu aux pays bas du Tchad, il y a
3 000 ﬂl"ls.

Lo figure suivante présente le lac en année d’abondonce médiocre avec ses
eaux libres, les zones d'ilots-bancs, dunes émergeant ov arrivont & une trés faible
profondeur et recouvertes. de végétation : papyrus ou typhas, surtout & l'ouest. Le
loc est séparé en deux par un seuil : la gronde barriére, submergée trés nettement
en période d'abondance et alors elle. est déborrassée en grande partie de la végéto-
tion oguotique,et qui émerge presque en totalité en périodes sdches, elle est olors
couverte de végétation & travers laquelle 1’eau filtre non sans difficulté. La grande
barridre sépare le lac en deux parties, la Cuvette Nord et la Cuvette Sud, 1'alimen-
tation se faisant par le sud la Cuvette Nord arrive & s'assécher bien qu'étant lo
plus profonde.

La figure svivonte montre le lac Tchad & son niveau maximal & la fin de 1973-

début de 1974. Une grand partie dv lac est couverte par la végétotion, le volume

traversant la grande borridre o été insignifiant, de sorte que la Cuvette Nord vo

- pratiquement s'assécher en 1974, comme en 1907-1908.

Le général Tilho, qui.est arrivé ou début du siécle oy Tchad, a essayé,

-d'aprds des témoignogées recueillis & cette époque, de reconstituer quol;tot;vement

les voariations du niveuu du lac Tchad tout av moins les pérzodes séches et humides.

Lo période itréas humide de 1870 & 1890 est assez ‘bien. connue; on la retrouve
un pev portout de fagon assez sire, surtout sur le Nil. La période 1855.1860 o

- peut-8tre été beaucoup plus sdche que ne l'indique lé général Tilho, les auires pé-

riodes sdches indiquées sur cette image montrent simplement qu'd intervalles plus ou
moins réguliers on retrouve des sécheresses telles que celles de 1913 et 1972-1973,
ou peut -8tre pires.

Voild ce que peuwvent indiquer les données hydrologlques, quelque effort
que l'on fasse, les échantillons stotistiques semblent insuffisants & eux seuls pour
permetire une étude sérieuse des phénomdnes de persistance ou des pseudo-cycles.
L'observation trds opprofondie des débits est indispenscble, certes, mais la solution

- du probléme est dans l'étude approfondie des caractdres particuliers des moukements

des masses d'air dons des périodes de ce genre, et peut-8tre oussi dans les varia-
tions des 616nents du bilan hydrologzque, ces recherches &tant condu;tes 6 1'échells

mondiale.
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LE LAG TGHAD FIN 1973 _ DEBUT 1974
( niveau maximum 1973-1374 )
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