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FOREWORD 

At each session of the WMO Executive Committee a 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 disastrous droughts which have occurred in recent years in many 
countries, particularly in Africa and Asia, the Organization is now giving greatly in­
creased attention to this subject. Among the steps taken 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 papers presented on that occasion. 

The first paper, entitled "Drought - its definition, delineation and effects", 
was prepared by Dr. W. J. Gibbs (Australia) and was presented on his behalf by 
Dr. J. W. Zillman. The second, entitled "Drought, a recurrent element of climate", 
was presented by Professor H. E. Landsberg (U.S.A.). The third paper, entitled 
"Aper~u sur les donnees hydrologiques de la secheresse de la periode 1970-1973 en 
Afrique tropicale", was presented by Mr. J. A. Rodier (France). 

I am pleased to have this opportunity of expressing to the scientists concerned 
the sincere appreciation of the World Meteorological Organization for the time and 
effort they have devoted to the preparation of these valuable papers. 

~. . . 

D. A. Davies 
Secretary-General 
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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 possible to ameliorate drought by artificial modification of climate? 

4. Can a world-wide strategy be developed to combat the effects of drought? 

Although drought is difficult to define precisely, in general terms it can be 
regarded as the condition where there is "lack of sufficient water to meet require­
ments", the requirements being dependent upon the. distribution of plant, animal and 
human populations, their life-style and their use of the land. 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-Gaussian 
distribution of rainfall occurrence suggests the need for statistical description of 
parameters other than the mean and standard deviation. Gibbs and Maher in 1967 ad­
vocated the use of a 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 various Australian climatic regimes. In par­
ticular, attention was drawn to discrepancies between mean and median monthly rain­
falls. Maps were also shown depicting the distribution of annual decile ranges 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 used in Australia since 1965 for a drought alerting service. 

Preliminary results of an application of the Gibbs-Maher approach to world 
rainfall data by Lee and Maher were discussed. Maps of the world distr~bution of 
decile ranges for the years 1965, 1968, 1969 and 1970 show the considerable spatial 
variability of the decile values of annual rainfall and indicate the beginnings o·f the 
drought in the Sudano-Sahel ian regions of Africa. More detailed examination of the 
African regions for the years 1971-1973 showed the spread of the first decile range 

~lover the sahelian zone during thi~ peri~d. 
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The question as to whether drought .is the result of climatic change is diffi­
cult to answer. Particularly iri arid and marginal lands, differences between sUCces~ 
sive 30-year flnormals" may be due to no more than sampling effects. It is important 
to distinguish between drought and aridity. In the marginal lands bounding arid 
zones the "normal" variability of rainfall means that drought must be regarded as a 
normal 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 
climate as drought periods are usually characterized by large-scale subsidence and 
cloud-free skiese 

Australian experience has shown that the effect of dr6ught is lessened when 
farmers and government authorities are aware of its nature and extent and therefore 
can make appropriate plans. Jt is believed that the Australia~ experience could have 
an application on a world .... wide scale. In the context of global plans for dealing 
with naturai disasters, consideration might be given to a world-wide drought and 
alerting service, possibly with a centre operati~g' in each co~tin~~t and reporting to 
some central position such as the WMO Secretariat or the Secretariat of the United 
Nations. 



RESUME 

Le conferencier s'est efforce de repondre aux quatre questions suivantes 

1. Qu'est-ce que la secheresse ? 

2. La secheresse est-elle Ie resultat dlun changement de climat ? 

3. Est-il possible de pallier la secheresse en modifiant artificiellement Ie 
climat ? 

4. Est-il possible de mettre au point une strategie mondialepour combattre 
les effets de la secheresse ? 

Bien qulil soit difficile de definir avec preC1S10n ce qu'est la secheresse, 
on peut estimer generalement qulil y a secheresse lorsqu'''il nBy a pas suffisamment 
d'eau pour satisfaire aux besoins", ceux-ci etant fonction de la distribution de la 
flore, de la faune et de la population humaine, de leurs modes de vie et de l'usage 
qu'elles font du sol. Le probleme de la secheresse fait donc partie integrante du 
probleme plus vaste de la gestion et de l'exploitation des ressources limitees de 10 
Terre. 

Lorsque, pour etudier les cas de secheresse et essayer de determiner l'exten­
sion de celle-ci, on utilise un seul indice des apports d'eau, Ie plus utile est 10 
hauteur des precipitations. Toutefois, du fait que les jour~ de precipitations ne 
sont pas distribues selon la loi de Gauss, il est necessaire, pour les besoins de la 
description statistique, d'utiliser d'autres parametres que la moyenne et l'ecart 
type. En 1967, Gibbs et Moher ont preconise l'utilisation d'un systeme fonda sur les 
limites deciles de chaque tranche de 10% de la distribution. Le cinquieme decile {au 
mediane) est egal a la hauteur des precipitations qui n'est depassee que dans 50% des 
cas. Les ecarts interdeciles correspondent aux intervalles entre deciles successifs; 
des exemples ont ete fournis pour divers regimes climatiques de l'Australie. En parti­
culier, l'auteur a attire l'attention sur les differences qui existent entre 10 
moyenne et la mediane des precipitations mensuelles. II a egalement presente des 
cartes montrant la distribution des ecarts interdeciles au-dessus de l'Australie du­
rant deux des plus rigoureuses s~cheresses enregistr~es depuis que i'on dispose de 
releves pluviometriques. les zones ou la hauteur des precipitations est inferieure 
au premier decile correspondent bien avec les zones de secheresse delimitees sur 10 
base d'autres criteres. En Australie, depuis 1965, on suit l'evolution des valeurs 
des deciles etablies pour des periodes plus courtes que l'annee, afin de pouvoir lan­
cer des alertes de secheresse. 

L'auteur a analyse les premiers resultats que Lee et Maher ont obtenus en 
appliquant aux donnees pluviometriques mondiales Ie systeme elabore par Gibbs-Maher. 
Des cartes .de la distribution mondiale des ecarts interdeciles pour les annees 1965, 
1968, 1969 et 1970 montrent la variabilite spatiole considerable des voleurs des 
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deciles de 10· hau,teur des precipitations annuelles etrevelent l'apparition de· la 
secheresse dans les regions so~dano-saheliennes de l'Afrique. Un examen plus de­
taille de.s regions ofricaines en ce quiconcerne les annees 1971-1973 a revele 1 I ex­
tension des hauteurs de precipitations inferieures au premier decile a l'ensemble de 
10 zone sohelienne au cours de cette periode. 

II est difficile de repondre a 10 question de savoir si la secheresse est 
Ie resultat d'un changement de climat. En porticulier dans les zones arides et semi­
orides, les differences constatees entre les "normales" trentenoires successives 
peuvent etre simplement dues a des differences dans l'echantillonnage. II importe 
de bien distinguer 10 secheresse de l'aridite. Dans les zones semi-arides, en· bor­
dure des zones arides, 10 variabilite "normale"de la hauteur. des precipitations im­
pose de considerer 10 sec~eresse comme eventualite climotique normale. 

Dans l'etat actuel des conneissonces scientifiques et de 10 technologie on 
ne peut guere, en periode de secheresse, escompter ameliorer la situation en recou­
rant a 10 modification artificielle du temps ou du climat, 'tant donne que durant 
ces periodes il regne generalement de la subsidence au-des sus de vastes territoires, 
ce qui entraine une absence totale de nuages. 

L'experience australienne montre que les consequences de la secheresse sont 
minimisees lorsque les agriculteurs et les Qutorites gouvernementales sent informe~ 
de 10 nature et de l'etendue du phenomene et peuvent ainsi prendre des dispositions 
appropriees. L'auteur estime que l'experience australienne pourrait avoir des ap:-· 
plications a lJechelle mondialee DansIe cadre des plans mondioux destines a faire 
face aux calamites noturelles, on pourrait envisager d'etoblir un serviced'alerte 
mondiol pour la secheresse comprenant un. certains nombre de centres I eventuellement 
un dans cheque continent, qui fereient rapport ~ un organisme central tel que Ie 
Secretariat de i'OMMou Ie Secretariat de 1 'Organisation ·des Nations Unies. 



PE3IOME 

B ~eK~HH ~e~aeTCfl ITOIThlTKa OTBeTHTb Ha ~eThlpe BOITpOCa: 

1. ~TO TaKoe 3acyxa? 

2. HB~fleTcfl ~H 3acyxa pe3y~bTaToM H3MeHeHHfl K~HMaTa? 

3. MO~HO ~H H36e~aTb 3acyxH ITYTeM HCKyccTBeHHoro B03~eMcTBHfl Ha K~H­

MaT? 

4. MO~HO ~H pa3pa6oTaTb MHpOPym cTpaTerHro ITO 6oPb6e C B~HflHHeM 

3acyxH? 

XOTfl TO~HO oITpe~e~HTb 3acyxy Tpy~HO, B 06~HX ~epTax ee MO~HO O~H­

TaTb yc~oBHeM, Kor~a "BO~bI He~OCTaTO~HO ~~fl y~oB~eTBopeHHfl IToTpe6HocTeM II ; 

IToTpe6HocTH 3aBHCflT OT pacITpe~e~eHHfl pacTHTe~bHocTH, ~HBOTHbcr H Hace~eHHfl, 

HX o6pa3a ~H3HH H HCTIO~b30BaHHfl 3eM~H. TaKHM o6pa30M, TIp06~eMa 3acyxH 

flB~HeTCfl cocTaBHoM ~aCTbID 6o~ee KPYTIHOM TIp06~eMhl yTIpaB~eHHfl orpaHH~eHHhlMH 

MHpOBhlMH pecypcaMH H HX HCTIO~b30BaHHfl. 

IIpH H3y~eHHH B03HHKHOBeHHH 3acyxH H IlpH ITOITbITKaX OTIHCaHHH ee pa3-

MepoB HaH6o~ee TIO~e3HhlM e8HHH~HhlM HH~eKCOM Bo~ocHa6~eHHfl flB~HIDTCfl ~o~~e­

Bhle oca~KH. O~HaKo pacITpe~e~eHHe oca~KOB, He TIo~~aromeecfl 3aKOHY raycca, 

TIPHBO~HT K Heo6xo~HMOCTH CTaTHCTH~eCKoro OITHCaHHH TIapaMeTpOB, TIOMHMO cpe~­

HHX H CTaH~apTHbcr OTK~OHeHHM. rH66c H Maxep B 1967 r. 3amHma~H ITpHMeHe­

HHe cHcTeMhl, HMeromeM B Ka~eCTBe ITpe~e~OB Ka~~hle ~eCflTb TIpO~eHToB (H~H 

~e~H~b) pacITpe~e~eHHfl. ITHTOM ~e~H~bro, H~H Me~HaHoM, flB~fleTCfl KO~H~eCTBO 

oca~KOB, He TIpeBhlillaromee 50% c~y~aeB. rpaHH~hl ~e~H~eM TIepeKphlBaroT 3Ha~e­

HHfl Me~~y ~e~H~flMH. Ehl~H ~aHhl HeKoTophle ITpHMephl pa3~H~Hbcr K~HMaTH~eCKHX 

pe~HMoB ABcTpa~HH. B ~acTHocTH, o6pama~ocb BHHMaHHe Ha HeCOOTBeTCTBHe 

M~~~y cpe~HHM MeCfl~HhlM KO~H~eCTBOM oca~KOB H Me~HaHoM. Ehl~H TaK~e ITOKa-

3aHhl KapThl, ~eMoHcTpMpY.IDm;Me pacTIpe,Il;e~eHMe ITO ABcTpa~MH rO~OBbIX ~MaITa30-

HOB ~e~H~eM BO BpeMH ~ByX HaH6o~ee CypOBbIX ITepHO~OB 3acyxH, Ha6~ro~aIDmHX­

CH CO BpeMeHH Ha~a~a perHCTpa~HH KO~H~eCTBa oca~KOB. Pa3Me~eHHe rpaHH~ 
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rrepBOH ,n;en;I1JII1 xopomo COOTBeTcTByeT paHOHaM 3acyXI1, O'Iep'IeHHbIM Ha OCHOBe 

,n;pyrI1X YCJIOBI1M. H3Y'IeHI1e 3Ha'IeHHM' ,n;en;I1JIeM ,n;JIH rrepI10,n;OB KOpOLIe O,n;HOrO ro­

,n;a rrpOBO,n;I1JIOCb B ABCTpaJIHI1 C 1965 r. CJIy~60M rrpe,n;yrrpe~,n;eHI1H 0 3acyxe. 

06cy~,n;aJII1Cb rrpe,n;BapI1TeJIbHbIe pe3YJIbTaTbI rro,n;xo,n;a rI166ca-Maxepa, 

rrpI1MeHeHHorOnH 11 MaxepoM ~ MI1POBbIM ,n;aHHbIM 06 oca,n;Kax. KapTbI MHpoBoro 

pacrrpe,n;eJIeHI1H ,n;I1arra30HOB ,n;en;HJII1 3a 1965, 1968, 1969 H 1970 rr. CBI1,n;eTeJIb­

CTByroT 0 3Ha'II1TeJIbHOM rrpocTpaHcTBeHHoM I13MeH'II1BOCTI1 3Ha'IeHI1H ,n;en;I1JII1 ,n;JIH 

ro,n;OBbIX oca,n;KOB 11 OTMeLIaIOT Ha'IaJIO 3acyXI1 B Cy,n;aHo-CaXeJIbCKOM paMoHe ACPPI1-

KI1. EOJIee rro,n;p06Hoe I13YLIeHI1e acppI1KaHCKI1X paMoHoB 3a 1971 -1973 rr. rrOKa-

3aJIO, LITO B TeLIeHI1e 3TOrOnepI10,n;a rpaHI1n;bI ,n;en;I1JII1 pacrrpOCTpaHI1JII1Cb Ha Ca­

XeJIhCKYID 30Hy. 

Ha Borrpoc 0 TOM, HBJIHeTCH JIll 3acyxa pe3YJIbTaTOM KJII1MaTI1LIeCK11X 113-

MeHeHI1~~ OTBeTI1Tb Tpy,n;HO. B 'IaCTHOCTI1, Ha 3acyrnJI11BbIX 11 rrOrpaH11'IHbIX C HI1-

M11 3eMJIHX pa3H11n;a Me~,n;y rrOCJIe)I;OBaT,eJIbHbIMI1 30-JIeTHI1MI1 "HOpMaMI1" MorYT He 

rrpeBbIrnaTb BJI11HH11H oT60pa. Ba~HO rrpOBo,n;11Tb pa3JI11'I11e Me~,n;y 3aCYXOM 11 3a­

cyrnJI11BOC T bID:..B paMOHax, rpaHI1'Ia~I1X C 3acyrnJII1BbIMI1 3 OHaM11, I13MeH'II1BOC Tb 

"HOpMaJIbHOrO" KOJIM'IeCTBa oca,n;KOB 03Ha'IaeT, lITO 3acyxy CJIe,n;yeT paCCMaTp11-

BaTb KaK pe3YJIbTaT 06bI'IHOM KJI11MaT11'IeCKOM rrOBTopHeMOCTI1. 

I1pI1 HbIHernHeM ypOBHe Hay'IHbIX -3HaHI1M 11 TeXHI1KI1 HeT OC06bIX Ha,n;e~,n; 

Ha IIpeo,n;OJIeH11e 3acyXI1 nyTeM I1CKYCCTBeHHbIX B03,n;eMCTBI1M Ha noro,n;y HJII;1 KJII1-

MaT, nOCKOJIbKY nepI10,n;bI 3acyXI1 06bJ'IHO xapaKTep113yIDTCJI KpynHoMacillTa6HbIM oce­

,n;aHMeM B03,n;yrnHbIX Macc H 6eso6JIa'IHbIM He60M. 

OnbIT ABCTpaJIMM TIOKa3aJI, 'ITO BJIMHHMe 3acyxM YMeHbrnaeTC.fI, Kor,n;a cpep­

MepbI M npaBMTeJIbCTB8HHbIe opraHbI MHCPOpMMpOBaHbI 0 ee xapaKTepe M MacrnTa6ax 

,n;JI.fI Bblpa60TKM COOTBeTCTBYIOm;MX nJIaHOB. MbI nOJIaraeM, 'ITO OIIbIT ABCTpaJIMM 

Mo~eT 6bITb npMMeHeH BO BceMMpHOM MacrnTa6e.B I'JI06aJIbHbIX nJIaHaX no 6oPb6e 

CO CTMXMMHbIMM 6e,n;cTBM.fIMM CJIe,n;yeT y,n;eJIMTb ,n;OJI~HOe BHMMaHMe BceMMpHoM CJIy~-

6e rrpe,n;yrrpe~,n;eHI1.fI 0 3acyxe, B03MO~HO, C n;eHTpoM, ,n;eMcTByrom;MM Ha Ka~,n;oM 

KOHTMHeHTe M HanpaBJIHID~MM ,n;aHHbIe B HeKOTopbIM rJIaBHbIM n;eHTp, HanpMMep, B 

CeKpeTapMaT BMO MJIM B CeKpeTapMaT OpraHMsan;MM 06'be,n;MHeHHbIX Han;M:tl. 

L _______ ~ __ ~ ___ ~~ ______ ~ ______ ~~: ___ ~ ___ ~ ________ _=__~~ ________ ~ _~_~ ____ ~ _~_-



RESUMEN 

En esta conferencia se trato de responder a las cuatro preguntas siguientes: 

1. lQue es sequfa? 

2. lLa sequfa, es el resultado de un cambio de clima? 

3. lEs posible reducir la sequfa mediante la modificacion artificial del clima? 

4. lSepueden crear sistemas mundiales para combatir los efectos de la sequfa? 

Aunque es dificil definir con precision la sequia, en general se puede con­
siderar que constituye una situacion en la cual existe "falta de agua suficiente pa­
ra satisfacer las necesidades". Estas necesidades dependen de 10 distribuci6n de las 
poblaciones de plantas, animoles y seres humanos, de su modo de vida y del aprovecha­
miento de las tierras. El problema de la sequia constituye pues parte integrante de 
otro problema mayor que es el aprovechamiento y uso de los limitados recursos mundia­
les. 

Para estudiar la ocurrencie de las sequias y tratar de delimiter su exten­
sion, el indice unico mas util del suministro de agua es 10 lluvia. Sin embargo, el 
hecho de que la distribuci6n de la ocurrencia de la lluvia no responde al tipo de 
Gauss, hace penser en la necesided de describir de manera estadistico todos los para­
metros, con excepcion de la media y de la desviaci6n tfpica. Gibbs y Maher en 1967 
preconizaron la utilizaci6n de un sistema que se fundaba en los Ifmites de coda deci­
la de la distribuci6n. La quinta decilo 0 mediana es 10 cantidad de lluvia que no 
excede en el 50% de las ocasiones. Las amplitudes de 10 decila seporan los valores 
entre las decilas. Se dieron algunos ejemplos de distintos regfmenes climaticos en 
Australia. En particular se hicieron resaltar las discrepancies entre la media y la 
medianamensual de lalluvia. Se mostraron mapas que describian la distribuci6n de las 
amplitudes anuales de la decila en Australia durante dos de los periodos mas fuertes 
de sequia, desde que se comenzaron hacer registros de la lluvia. La ocurrencia de 
la amplitud de 10 primera decila corresponde bien a las zonas de sequia delimitadas 
fundandose en otras condiciones. El estudio de los valores de la decile correspon­
dientes 0 periodos mas cortos de un ana ho sido utilizado en Australia desde ~965 por 
el servicio de aviso de sequfas. 

Se discutieron los resultados preliminares de la aplicaci6n hecha por Lee y 
Maher del metodo Gibbs-Maher a los datos mundioles de lluvia. Los mapas de la distri­
bucion mundial de las amplitudes de las decilas correspondientes a los anos 1965, 1968, 
1969 y 1970 mostraron la considerable variabilidad espacial de los valores de la deci-
10 correspondientes 0 10 lluvia anual e indicaron los principios de la sequia que se 
produjo en la regi6n Sudano-Saheliana de Africa. El estudio mas detal1edo de los re­
giones africanas correspondientes a los anos 1971-1973 demostr6 la extensi6n de la am­
plitud uno de la decila en la zona Saheliana durante dicho periodo. 
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Es dificil responder a 10 pregunta de si la sequia es el resultado de un 
cambio climatico. Especialmente 'en las tierras aridas e improductivas, la diferencia 
entre las normales sucesivas de 30 anos qlJizas no sean debidas mas que a efectos de 
muestreo. Es importante distinguir entre sequia y aridez. En las tierros improduc­
tivQS que limitan ,las zonas oridas, la variabilidad "normal" de la 11uvia signi fica 
que 10 sequia debe ser considerada como una ocurrencia climatica normal. 

Teniendo presente los actuales conocimie~tos cientificos y tecno16gicos que 
se poseen, parece que existe poca esperanza de mejorar las sequias mediante la modifi~ 
caci6n artificial del tiempo 0 el clima ya que los periodos de sequia se caracterizan 
habitualmente por una subsidencia en gran escola y por 10 existencia de cielo despe­
jado. 

La experiencia australiana ha demostrado que el efecto de la sequia queda 
disminuido cuando los agricultores y las autoridades . gubernamentales conocen su na­
turaleza y extensi6n 10 cual les permite establecer los planes oportunos. Se cree 
que la experiencia australianc pod ria ser aplicada cescala mundial. Dentro de los 
planes mundiales establecidos para luchar contra las cat6strofes naturales se pod ria 
estudiar Ie posibilidad de incluir un servicio mundial de aviso de sequias, posible­
mente contando con una oficina principal en cada continente que transmitiese 10 in­
formaci6n a otro organismo central tal como 10 Secretaria de 10 OMM 0 la Secretaria 
de las Naciones Unidas. 

I _______________ -=-___ .:: ____________ ~=--------------------~---



DROUGHT - ITS DEFINITION, DELINEATION AND EFFECTS 

This paper seeks to answer four questions: 

1. What is drought? 

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

3. Is it possible to ameliorate drought by artificial modification of climate? 

4. Can a world-wide strategy 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 comprehensive list of such definitions is included in 
a forthcoming WMO Technical Note prepared by a working group of the W"IO Commission 
for Agricultural Meteorology. A most important factor in understanding drought, 
often not included in definitions, is that it is a "supply and demand II phenomenon. 
A definition which does not include reference to water requirement or "demand" must 
be regarded as inadequate. "Lack of sufficient water to meet requirements" is a 
definition probably as satisfactory as any other. 

If the "demand" factor is included in the definition it follows that deline­
ation of drought occurrence depends on the nature of the water need. Conditions 
which a vegetable farmer may regard as drought may cause a sheep farmer 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 as much as 
on rainfall deficiency. 

There has been a recent upsurge of interest in the management and use of the 
world's limited resources in relation to the exponential 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 Specialised Agencies and 
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 liThe 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 importance of 
water resources. Treatment of subjects such as rainfall occurrence, water storage 
and desalination is usually superficial. 

Drought in the Sudano-Sahelian region of Africa in recent years has high­
lighted a more general and long-standing problem regarding the efficient use of 
water resources. Although the problem is as old as man himself, communities and 
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nations seem particularly ill-equipped to cope with natural disasters, such as 
droughts, when these occur rarely. Expediency in dealing with more frequent and 
more immediate national and international problems pushes the need to plan for 
amelioration of such rare disasters into the background of man's consciousness. 
It is only when beset by such disasters that, often too late, he seeks remedial 
measures. 

The exponential growth of world population and the finite nature of world 
resources demand that more attention be given to this problem in the immediate future. 

DROUGHT INDICATORS 

The definition of drought as "the situation when demand for water exceeds 
supply" obviously needs amplification. Reduced availability of water may result in 
a modification of demand. Consider the example of a particular grain crop which has 
a basic water requirement to avoid wilting before harvest and a larger optimum 
requirement necessary to produce maximum yield. 

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

Urban communities and industrial activities also have a demand for water, 
the acceptable minimum of which might be that necessary to maintain essential 
industry, and to meet those requirements necessary for personal health and 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 and 
the nature and extent of its agricultural and industrial activities. 

Although many factors are involved in considering availability of water, 
for example run-off, river systems, evaporation, the most useful single index of 
water 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 u

), which in the case of a normal or "gaussian" distri­
bution is the same as the median - the value exceeded by half of the occurrences. 
In the case of a normgl distribution the mean, together with some measure of the 
dispersion, such as the variance or standard deviation, completely describe the 
distribution and with these two parameters it is possible to calculate the proba­
bility of occurrence of values within any given range. 
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Figure 1 - Cumulative frequency distribution of (a) hourly, (b) daily, (c) monthly, 
rainfall amounts for Darwin and Essendon for the months January and July. Monthly 
data for Melbourne are indicated by X. lengths of records are: 

Darwin 
Essendon 
Melbourne 

(a) 3720 hours 
(a) 3720 hours 

(b) 155 days 
(b) 155 days 

(c) 82 months 
(c) 17 months 
(c) 102 months 

The abscissa on these figures plots rainfall on a square root scale and the ordi­
nate of frequency is such that a normal distribution will be represented as a 
straight line 
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However, it is rare for rainfall totals to be normally distributed - the 
distribution 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 measures of the mean and standard 
deviation are often poor indicators of the probability of rainfall occurrence. 
Gibbs (1964) has pointed out that the square roots of daily, monthly and even 
annual rainfall amounts for many Australian localities appear to be close to normally 
distributed, as illustrated in Figure I, and the mean and standard deviation of the 
square roots enable a more accurate description of the distribution. 

But whatever the nature of the statistical distribution a more attractive 
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 rainfall 
amount which is not exceeded by ten 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 
are 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 a good description of rainfall at a 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 are frequently zero, as 
illustrated by the ·.figures in Table I for Alice Springs, Halls Creek and Mardie. By 
contrast the figures for Darwin illustrate a case of tropical wet season month. The 
January and July figures for Melbourne are interesting in that whilst there is no 
significant difference in the January and July mean rainfall, there is a considerable 
difference in the median values (decile 5) which are 36 mm and 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 at Mardie in October all 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 

" 2 221 16 30 3 0 0 
II 3 260 25 37 5 0 0 
" 4 349 32 41 11 0 0 
II 5 401 36 47 15 0 0 

Mean 391 48 49 39 6 0.8 



DARWIN 

Jan. 

Decile 6 443 
" 7 487 
" 8 526 
II 9 595 

Highest 708 

Darwin 120 24'S 1300 48'E 

Melbourne 370 49'S 1440 58 1 E 

Alice Springs 230 36'S 1330 36'E 

Halls Creek 180 14'S 1270 40'E 

Mardie '210 12'S 1150 57'E 

DROUGHT IN AUSTRALIA 
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TABLE I (contd.) 

MELBOURNE ALICE 

Jan. 

46 
60 
76 

106 

176 

July 

53 
57 
62 
73 

178 

SPRINGS 

Jan. 

33 
44 
71 
95 

280 

1873-1941, 1948-1964 

1856-1964 

1874-1964 

1891-1964 

1891-1964 

HALLS MARDIE 
CREEK 

July Oct. 

0 0 
0.5 0 
3 0 

23 0 .. 3 

80 24 

Two major publications of the Australian Bureau of Meteorology are devoted 
to the question of drought in Australia. Gibbs and Maher (1967) proposed the use of 
deciles of annual rainfall as drought indicators and point out that the otcurrence 
of the first decile range of rainfall during the period 1885 to 1965 corresponds 
rather well with droughts listed by Foley (1957) on the basis of newspaper and other 
reports of effects on crop yield and livestock populations~ 

The occurrence of the first decile range on the Gibbs and Maher maps of 
~nnual decile values corresponds well with droughts listed by Foley. Examination 
reveals that the most damaging droughts in Australia have coincided with the occur­
rence of large areas of the first decile range over successive years. 

Figures 3, 4 and 5 show maps for 1900, 1901 and 1902. These were years 
usually regarded as experiencing one of the worst droughts on record. In New South 
Wales the average wheat harvest in 1903 was 1.2 bushels per acre (against 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 Australia and 1.4 bushels per acre in South Australia and 
Victoria and there were heavy stock losses in Queensland, New South Wales and Victoria. 

Figures 10, 11 and 12 show maps for 1965-1967. In Queensland, New South 
Wales and Victoria this period is regarded 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 and 60 per cent, 30 per cent and 15 per cent in oats,. barley and 
rice crops respectively. Sheep population in the eastern States was reduced by over . 
20 million. Farm incomes decreased between $300 and $500 million with a very consid­
erable chain reaction to other industries. In particular, manufacturers of farm 
machinery were hard hit and the New South Wales raiIways defici t of $10 million 
during the period was largely attributed to lack of revenue from transport of farm 
produce. Another serious' effect of the drought was the heavy and sometimes complete 
depletion of large water storages leading to severe rationing of water in irrigation 
areas which might otherwise have he~ped ameliorate drought effects. 

From .their analysis of maps of decile values of ann~al rainfall from 1885 
t~ 1965, Gibbs and Maher derived a table indicating the frequency with which the 
first decile range cover~d given areas of individual States and the continent as a 
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 Australian States 1885-1965. 

TABLE II 

PER CENT OF AREA 

STATE 91- 81- 71- 61- 51- 41- 31- 21- Il- l-
NIL 

100 90 80 70 60 50 40 30 20 10 

Western 
Australia 0 0 0 1 5 2 3 4 7 32 46 

Northern 
. Territory 0 1 1 0 2 6 2 3 6 14 65 

South 
Australia 0 0 0 3 ·1 2 5 5 9 19 56 

Queensland 0 0 0 2 1 4 2 10 7 25 49. 

New South-
Wales 0 1 1 1 4 2 2 2 2 32 53 

Victoria 1 1 0 3 1 1 1 1 6 26 59 

Tasmania 0 2 0 2 2 ·2 1 5 4 9 73 

Australia 0 0 0 0 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 and that it was most unlikely that more than 50 per cent of 
the cO'ntinent would be drought-stricken in anyone year, whilst the frequency of 
completely drought~free conditions in a given State range from 46 years 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 
rainfall is a very coarse indicator of droughts, particularly if taken aver a 
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period of a calendar year, Gibbs and Maher have shown that it is a 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 southern Australia, the Bureau of Meteorology decided to 
commence an alerting service. The aim of this service 1S 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 
a 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 statements" have been issued by the Bureau of Meteorology at 
monthly intervals whenever such conditions exist. Aggregate rainfall 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 issued monthly. The drought statement issued 5 January 1972 
and appended to this paper gives an idea of the format of the statements. 

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

WORLD DROUGHT SURVEY 

Lee and Maher of the Australian Bureau of Meteorology are conducting a study 
of world rainfall for the years 1950-1970. Such a survey is possible only if a 
suitable data set is obtainable and can be processed by computer. Inquiries to the 
Administrator of the National Oceanic and Atmospheric Administration in the United 
States (Dr. R. M. White) resulted in the acquisition of a set of world monthly 
s~rface climatological data which had been prepared by Spangler and Jenne of the 
National 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 
data from Clayton's Weather Records and other sources. 

Computer programmes were written to transform these data to a format 
compatible with standard programmes currently used by the Australian Bureau of 
Meteorology for rainfall analysis. Some 70 000 station years of monthly and yearly 
rainfall data have been analysed to produce decile values of rainfall for a world­
wide network of stations. 

Because of the current concern for the Sahelian zone of Africa, the 
Secretary-General of the World Meteorological Organization was also requested to 
provide additional rainfall data 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 are emerging. The outstanding feature_ of their maps of annual rain­
fall is the considerable spatia~ variability of the decile values. 

The annual decile distribution for 1965, a year in which major 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 and isolated locations in Brazil and Chile. Decile distributions for 
1968, 1969 and 1970 indicate the beginnings of drought in the Sudano-Sahelion region 
of Africa and the distribution of decile values 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 gains 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 Australia and South America have hit the 
news headlines. Lee and Maher are eXamining whether such an impression has any 
basis in fact or whether it is simply the result of uncorrelated random occurrences. 

Preliminary examination of 20 sets of annual rainfalls observed at stations 
in separate continents but ·having similar climatic regimes revealed no signi ficant 
correlation. This is in line with ~he finding of Maher (1973) in which he showed 
that over Australia, correlation 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· as to lie outside the possibility of expectation based on previous climatic 
records. As climatic change is likely to be a gradual and insidious process its 
detection will be extremely difficult, particularly if, as in the case of rainfall, 
the natural variability of the element is considerable. In arid and marginal lands 
rainfall distribution is such that a very lengthy record is required to establish 
the form of the distribution. A 30-year "normal" in rainfall can be dangerously 
misleading because differences between successive 30-year "normals"; particularly 
in arid and marginal regions, are likely to be no more than sampling effects. 

Since the middle of the last century meteorologists, including those in 
Australia, have attempted to develop methods for long-range drought prediction. 
Statistical studies have revealed little in the way of variability in annual rain­
fall other than that which would be expected by chance. Some evidence of periodicity 
has been found, for example O'Mahony's spectral analysis (1961) which indicated 
that some Australian rainfalls appear to show a two- to three-year periodicity. 
O'Mahony also found some evidence of a "break" in rainfall records in some areas 
in Australia in 1895. However a recent study by Kemp and Armstrong (1973) shows 
that siting and observational procedure can introduce fictitious anomalies in 
temperature records. Presumably similar effects must be investigated in studying 
rainfall anomalies. In arid and marginal lands there seems little conclusive 
evidence of a climatic change during the period of existing rainfall records. 
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A remark by Troup on the subject of periodicity (1965) is relevant. Troup says: 

"Thus, although in individual studies there may be strongly suggestive 
evidence for a particular regularity (for instance the conservatism in 
phase of the 2.86-yr harmonic period in the 911-yr Nile flood records, 
analysed by Brooks) the situation 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 available evidence, that 
what regularities appear are the outcome of sampling fluctuations in 
random series, or in random series with persistence." 

It is possible that a gradual change in climate is occurring but as in the 
case of analysis of many cloud seeding activities, the natural variability of the 
rainfall means that the verdict in the case must remain "not proven" •. 

It is also important to distinguish between drought and aridity. Aridity 
is lack of rainfall in the climatic sense and arid areas (which may be arbitrarily 
defined asthose with an annual rainfall of less than 250 mm) are often characterized 
by extreme rainfall variability. For example Woodbrook and Muyie, in the arid 
zone of Western Australia, have experienced long periods without rain. In the case 
of the former station, no rain 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 arid zones is thus one of 
considerable subjectivity. An arid zone may be considered to bea region of almost 
continuous lack of rainfall broken by occasional rainfall events sometimes of 
considerable magnitude, so that "drought" is the rule rather than the exception. 

The boundaries of arid zones fluctuate with "normalll rainfall variability 
and the surrounding marginal lands are also subject to periods when they could be 
classified as arid. It does not follow that the occurrence of drought in marginal 
lands is the result of climatic change. Drought should rather be regarded as a 
normal climatic occurrence in such areas. 

DROUGHT AMELIORATION BY ARTIFICIAL MODIFICATION OF CLIMATE 

Existing scientific knowledge and technology offers little hope of amelio­
rating drought by artificial modification of weather or climate. Drought is 
usually characterized by long periods of large-scale subsidence in the atmosphere 
and the absence 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 artificially to induce such changes 
great care would be necessary to ensure that the elimination of deficiencies in 
one 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 example. 
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A WORLD STRATEGY TO COMBAT DROUGHT 

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

(a) An awareness of farmers and government authorities of the nature of 
drought and the need to plan for these occurrences; 

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

Australia, hecaus& of its relatively small population and vast areas, does 
not have a problem in feeding its human population. Aport from the early years of 
European settlem~nt, yield of its cereal crops together with its grain storage has 
never follen short of domestic requirements. Drought is nevertheless a serious 
problem because of its effects on the national economy. 

Australian strategy in dealing with drought may well have global applications. 
In Australia where there is a Federation of six sovereign States, the Federal govern­
ment and the six State governments combine without great· political difficulty to 
combat the effects of drought. On the international scene the political difficulties 
may well be greater. Adequate air, rail, road ~nd sea transport systems in Australia 
have helped to overcome the drought problem despite considerable difficulties arising 
from the vastness of the continent. The transport of livestock and fodder at times 
of drought hos played a vital role in drought amelioration. The use of these· systems 
largely depends on benefit/cost considerations. 

On the int~rnational scene the difficulties are likely to be greater. 
Differences in currencYr political arrangements and transport systems suggest that 
Ci well-planned world-wide system of drought amelioration, with its focus somewhere 
in the United Nations Organization is necessary if these difficulties are to be' 
overcome. 

Recent press reports in Australia indicate that the Secretary-General of 
the United Nations is contemplating the establishment of a task force for dealing 
with major natural disasters. The task force will no doubt give consideration to 
a world-wide drought-alerting service having a centre operating in each continent 
and reporting.to some central secretariat located within the United Nations 
Organiz.ation ~ 
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BUREAU OF METEOROLOGY 

Department of Science 

P. O. Box 1289K, 
Melbourne 3001 

5 January 1973 

STATEMENT ON DROUGHT ISSUED BY THE DIRECTOR 

OF METEOROLOGY, 5 JANUARY 1973 

The Director of Meteorology, Dr. W. J. Gibbs, said today that by the end 
of 1972 severe or serious rainfalL deficiencies were evident over the whole of 
Australia except for north-east New South Wciles, south-east Queensland and south­
west Tasmania. 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 Queensland. 

In Western Au~tralia, the effects of deficiencies of winter and spring 
rai~fall continue in the central and south-east districts of the south-west. The 
persistent low rainfall over the past four years in the southern interior of that 
state has continued through yet another month. 

Summer rains so far in Queensland and the Northern Territory have generally 
been deficient. Some areas have never had a poorer start to the wet season and 
good rains in January and February are necessary if drought conditions are to be 
avoided. 

Temperatures in drought-affected areas have been higher than normal 
resulting in greater evaporation rates from the already parched land. During the 
coming two months high rates of evaporation will continue 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 
March 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 places selected because of their 
long records in and near the affected areas. 



DISTRICT 
STATION 

CENTRAL COAST 

Perth 

SOUTH COAST 

Albany 

NORTH CENTRAL 

Cunderdin 

SOUTH CENTRAL 

Katanning 

Lake Grace 

SOUTHEAST 

Ka~goorlie 

Leonora 

Sandstone 

Norseman 

MURCHISON 

Meekatharra 

Mt. Magnet 

EUCLA 

Rawlinna 

NORTHEAST 

Wiluna 

YEARS 
OF 
RECORD 

95 

58 

81 

57 

74 

67 

68 

73 

78 

56 

72 
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WESTERN AUSTRALIA 

RAINFALL 10 MONTHS 
1 MARCH - 31 DECEMBER 1972 

PERCENTILE % OF AMOUNT 
RANKING NORMAL INCHES 

10 70 24.04 

2 23.94 

33 85 11.52 

16 80 14.37 

3 63 8.09 

RAINFALL 4 YEARS 
1 JAN. '69 .- 31 DECEMBER 172 

8 

3 

1 1 

2 

57 

49 

63 

84 

73 

78 

60 

58 

22.21 

22.94 

36.56 

24.75 

26.74 

16.60 

21.98 

DRIER 10 MONTHS 
PERIOD COMMENCING 
1 MARCH DRIEST 
LISTED FIRST 

8 occasions 

1881 

19 occasions 

12 occasions 

1957 

DRIER 4 YEARS 
PERIOD COMMENCING 
1 JAN. 1969 DRIES~ 
LISTED FIRST 

Non prevo lowest 
26.44 in 1944 

nil, prevo 15.74 
in 1934 

1944, 1954, 1910, 
1909, 1911 

1943 

7 lower 

nil previously 
lowest 16.60 in 
1969 

nil, previously 
22.50 in 1935 
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SOUTH AUSTRALIA 

DISTRICT YEARS RAINFALL 10 MONTHS DRIER 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 RAINFALL 10 MONTHS DRIER 10 MONTHS 
STATION OF - 1 MARCH-31 DECEMBER 1972 MARCH THROUGH 

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 

·WARREGO 

Charleville 98 19 61 8e53 18 periods 

Cunnamulla 93 5 39 4808 1937, 1946, 1919 



DISTRICT 
STATION 

FAR NORTHWEST 

Tibooburra 

White Cliffs 

LOWER DARLING 

Menindee 

Wentworth 

UPPER DARLING 

Bourke 

Cobar 

SOUTHWEST PLAINS 

Mosgiel 

CENTRAL WESTERN 
PLAINS 

Condoblin 

Tottenham 

Coonamble 

Nyngan 

NORTH WEST PLAINS 

Boomi 

Walgett 

YEARS 
OF 
RECORD 

86 

71 

93 

103 

91 

84 

78 

91 

85 

93 

93 

64 

94 

CENTRAL TABLELANDS 

Mudgee 102 

Cassilis 101 

Bathurst 114 

Orange 98 
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NEW SOUTH WALES 

RAINFALL 10 MONTHS 
1 MARCH - 31 DECEMBER 1972 

PERCENTILE % OF AMOUNT 
RANKING NORMAL INCHES 

4 

2 

4 

2 

1 1 

11 

6 

24 

3 

65 

4 

11 

20 

9 

4 

13 

28 

44 

39 

39 

37 

56 

59 

51 

43 

50 

48 

56 

0.80 

1.99 

3.27 

3.74 

3.46 

4.26 

5.16 

8.28 

7.30 

11.43 

5.56 

17.98 

6.82 

13.54 

13.32 

12.32 

16.41 

DRIER 10 MONTHS 
PERIOD MARCH 
THROUGH DECEMBER 
DRIEST LISTED FIRST 

nil, prevo lowest 
1 • 1 8 in 1 888 • 

nil, prevo lowest 
2.51 in 1938 

1888, 1944, 1940 

1967 

1957, 1888, 1937 

1937 

8 periods 

9 lower 

1941, 1967, 1937, 
1947 

22 periods 

1888, 1957 

40 plus occasions 

1902, 1888 

10 periods 

19 periods 

9 periods 

1944, 1888, 1957 
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NEW SOUTH WALES CONT. 

DISTRICT YEARS RAINFALL 10 MONTHS DRIER 10 MONTHS 
STATION OF 1 MARCH - 31 DECEMBER 1972 PERIOD MARCH 

RECORD THROUGH DECEMBER 
PERCENTILE % OF AMOUNT DRIEST LISTED FIRST 
RANKING NORMAL INCHES 

CENTRAL WESTERN 
SLOPES 

Coonabarabun 92 34 18.39 31 periods 

Dunedoo 60 8 60 11 .05 1918, 1922, 1944, 
1957 

CEN'IRAL WESTERN i 
SLOPES 

I Forbes 96 8 62 10.42 1957, 1944, 1946, 
1895, 1898, 1941 

Parkes 82 6 58 10.63· 1944, 1957, 1902., 
1941 

SOUTHERN 
TABLELANDS 

Cooma 114 3 56 8.70 1895, 1941 

Goulburn 110 5 57 12. 17 1895, 1944, 1883, 
1962, 1907 

Adaminaby 86 1 41 9.71 nil,· prev. lowest 
10.95 in 1904 

Kiandra 85 1 34 18.80 nil 

* 
* * 
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VICTORIA 

DISTRICT YEARS RAINFALL 10 MONTHS DRIER 10 MONTHS 
STATION OF 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 91 5 54 6.83 1938, 1914, 1943, 
1967 

Bendigo 110 2 53 9.48 1938 

Shepparton 94 2 52 9.10 1938 

NORTHEAST 

Corryong 80 6 60 15.52 1967, 1938, 1941, 
1902 

Bright 90 3 57 21.86 1938, 1914 

Omeo 92 1 57 12.34 nil, prev. lowest 
12.42 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 3 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 nil, prev. lowest 
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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TASMANIA 

DISTRICT YEARS RAINFALL 10 MONTHS DRIER 10 MONTHS 
STATION OF 1 MARCH - 31 DECEMBER 1972 MARCH THROUGH 

RECORD DECEMBER DRIEST 
PERCENTILE % OF AMOUNT LISTED FIRST 
RANKING NORMAL INCHES 

NORTHERN 1 
! 

Burnie 88 3 63 22.07 1902, 1888 

Launceston 47 2 56 14.01 nil, prevo lowest 
14.74 in 1961 

Stanley 104 5 69 22.61 1902, 1940, 1897, 
1868 

EAST COAST 

St. Helens 84 5 53 13.98 1904, 1908, 1897 

Swansea 86 J 50 10.62 1908, 1945 

MIDLANDS 

Oatlands 89 2 59 10.66 1945 

SOUTHEAST 

Hobart 89 3 65 13.75 1945, 1963 

DERWENT VALLEY 

Bothwell 56 28 82 15. 14 15 periods 

* 
* * 
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DROUGHT, A RECURRENT ELEMENT OF CLIMATE 
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SUMMARY 

Drought is experienced, with greater or lesser frequency, in all climatic 
areas which ordinarily have adequate precipitation for agriculture and water supplies. 
But the fewer the average number of days of precipitation, the greater is the vari­
ability from year to year. This number greatly depends on the prevailing large-scale 
atmospheric circulation. In marginal areas, especially 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 cau-sing precipitation deficits that lead to drought also affect .other 
weather elements such as clouds, with the unfortunate result that in drought-stricken 
areas usually no clouds suitable 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 analysis reveals no well-defined cycles of rainfall 
anywhere but a widespread irregular rhythm of two to three years is in evidence. The 
analysis at the same time does not preclude entirely the presence of a weak rhythm in 
the 11- to 13-year spectral band which one might identify with the solar cycle. This 
point requires further exploration. 

Lands close to the arid zones are most affected by frequency and severity of 
drought. Their vegetation is an ecologically fragile ensemble and their agriculture 
precarious. Unless cultivation is practised with utmost care, desert encroachment is 
an ever-present danger. 

The Sahelian drought of 1971-1973 has not been entirely unprecedented 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 years has there been 
a sufficient data 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 areas. 



RESUME 

La secheresse sevlt plus ou moins frequemment dans toutes ies zones clima­
tiques qui ont generalement des precipitations suffisantes pour l'agriculture et 
l'alimentation en eau. Mais plus Ie nombre moyen de jours de precipitations est 
faible, plus grande est la variabilite des precipitations d'une annees ~ l'autre. 
Le hombre de_ jours de precipitations depend enormement des caracteristiques domi­
nantes de la circulation atmospherique ~ grande echelle. Dans les zones marginales, 
particulierement celles q~i se trouvent en bordure des cellules anticycloniques sub­
tropicales, il n'est pas rare dlen arriver ~ un manque de precipitations, avec des 
resultats desastreux pour l'economie locale. Les changements de la circulation ge­
nerale qui sont ~ l'origine des deficits de precipitations ~onduisont ~ la secheresse 
agissent aussi sur d'autres elements meteorologiques tels que les nuages, ce qui a 
molheureusement pour resultat que, dans les zones o~ sevit 10 s~cheresse, il 
n'existe generalement pas de nuages pouvant donner lieu ~ des tentatives demodifi­
cation artificielle du temps. 

L'analyse des relevespluviometriques portont sur de longues periodes dispo­
nibles dans diverses ·parties du monde ne- permet pas de mettre en evidence de ten-. 
dances nettement orient~es mais plutat des fluctuations quipeuvent persister plu~ 
sieurs annees. L'analyse spectrale ne revele pas de cycles bien definis de~ preci­
pitations, en quelque endroit que ce soit, mais decele un rythme ir~'gulierde deux 
a troisons qui se fait sentir sur de vastes etendues. Simultanement, cette ana­
lyse n' exclut pas completement I' existence, dans la bande spectrale de onze ~ treize 
ans, d'un faiblerythme que lion pourrait identifier avec Ie cycle solaire. Ce point 
me rite d'etre etudie plus avant. 

Les territoires les plus proches des zones arides sont les plus frequemment 
et les plus severement touches par la secheresse. Leur vegetation constitue un en­
semble ec6logiquement fragile et leur agriculture est precoire. A moins que I'agri­
culture n'y soit pratiquee avec Ie maximum de precautions, la desertification reste 
un danger permanent. 

La secheresse de 1971-1973 dans Ie Sahel n'est pas absolument la prem~ere du 
genre et l'on a de bonnes raisons de croire qu'elle decoule de modifications surve­
nues dans les regimes de la circulation~ grande echelle au-dessus de l'Atlantique 
Nord. Ce n'est que depuis ces dernieres annees qu'on dispose d'une base de donnees 
suffisante pour etudier ces anomalies et lion a tout lieu d'esperer qulen poursuivant 
les recherches dans cette direction on parviendra ~ deceler tres tat les conditions 
defavorables. En attendant,il conviendrait d'exploiter au mieux les proprietes sta­
tistiques des series chronologiques d'observations pluviometriques ofin d'evoluer le 
risque de secheresse dans diverses zones. 



PE3IOME 

3acyxa B03HMK~eT C 60~brneM M~M MeHbrneM ~aCTOTOM BO BCeX K~MMaTM~eC­

KMX 0 paMOHaX, KOTOpHe 06H~HO MMeIDT ~OCTaTO~HOe KO~M~eCTBO OCa~KOB ~~H 

Ce~hCKOrO X03HMCTBa M Bo~ocHa6xeHMH. oRo ~BM MeHbrne cpe~Hee KO~M~eCTBO 

~HeM C oca~KaMM, TeM 6o~hrne MX M3MeH~HBOCTb OT ro~a K ro~y. STO KO~M~e­

CTBO B 6o~hrnoM CTerreHM 3aBMCMT aT rrpeBa~Mpyro~eM KpyrrHoMacrnTa6HOM aTMocwep­

HOM ~MpKy~H~MM. B KpMTM~ecKHx paMOHax, oco6eHHo B paMOHax, Haxo~H~MXCH 

Ha rpaHM~ax KpyrrHbIT cy6TporrM~eCKHx H~eeK BHCOKoro ~aB~eHMH, 3TO Hepe~Ko 

rrpMBo~MT K OTCYTCTBMID ~OX~H C 6e~CTBeHHHMM pe3y~hTaTaMM ~~H MecTHoM 3KO­

HOMMKM. C~BMrM 06~eM ~MpKy~H~MM BH3HBaIDT ~eWM~MT oca~KoB, ~TO rrpMBo~MT K 

TOMY, 'tITO 3acyxa B~MHeT TaKxe M Ha ~pyrMe MeTeopo~orM~ecKMe 3~eMeHTbI, Ha­

rrpMMep 06~aKa, B pe3y~hTaTe ~ero B paMOHax, rrO,I1;BepXeHHbIT 3acyxe, 06bI~HO 

HeT 06~aKOB, Ha KOTopHe MOXHO 6H~O 6H rrorrHTaThCH B03~eMcTBOBaTh C rroMo~bID 

cy~ecTByro~MX MeTo~oB. 

AHa~M3 ~aHHhlX 06 oca~Kax B pa3~M'tIHhlX ~aCTffX MMpa 3a ~~MTe~bHHe 

rrepHO~H He YKa3HBaeT Ha KaKMe-~M60 pa~MKa~hHHe O~HOCTopOHHHe TeH~eH~MH, 

HO OTMe'tIaeT ~Mmb OTK~OHeHMff, KOTopHeoMorYT cy~ecTBoBaTh B Te'tIeHMe HeCKO~h­

RHX ~eT. CrreKTpa~hHHM aHa~H3 HHr~e He BHffB~ffeT HMKaKMx ffBHhlX ~MK~OB oca~­

KOB, KpOMe Ha~M'tIHff rnMpOKO pacrrpOCTpaHeHHoro HerrpaBM~hHoro pMTMa B 2-3 ro­

~a. O~HoBpeMeHHo aHa~H3 He OTBepraeT rrO~HOCThID c~a6oro pMTMa B 11-13-~eT­

HeM crreKTpa~hHOM ~Marra30He, KOTOPHM MOXHO rrOCTaBHTh B COOTBeTCTBHe C CO~­

He~HHM ~MK~OM. STOT Borrpoc Tpe6yeT ~a~hHeMrnero Hcc~e~OBaHHff. 

3eM~H, 6~M3KHe K 3acym~MBHM 30HaM, HaM6o~ee Bcero rrO~BepxeHH ~a~­

THM H CypOBHM 3acyxaM. Hx paCTHTe~hH0CTh ffB~ffeTCff 3Ko~orM~eCKH xpyrrKoM, 

a ce~hCKoe X03ffMCTBO - HeHa.n;eXHHM. EC~M He rrpOBO~MTh Ky~bTHBa~MID co Bce-~ 

B03MOXHOM T~aTe~bHocTbroo; TO rrOCTOffHHO rrpMCYTCTByeT orraCHOCTh HacTyrr~eHMff 

rrYCTbIHM. 

Caxe~hCKaff 3acyxa 1971-1973 rr. He HBM~aCb ~e~MKOM 6ecrrpe~e~eHTHOM, 

M eCTh OCHOBaHMff rro~ar.aTb, ~TO OHa 6bma CBH3aHa C M3MeHeHMffMM B CTpyKType 

KpyrrHoMacrnTa6HOM ~MPKY~ff~MH Ha~ CeBepHOM AT~aHTMKoM. TO~bKO 3a rroc~e~HMe 

rO~H C03~a~aCh ~OCTaTO~HaH OCHOBa ~aHHbIT ~~H Mcc~e~OBaHMH 3TMX aHOMa~MM, 

a rrpOBe~eHMe TaKMx Mcc~e~OBaHMM co~epXMT HeKOTopble rrepcrreKTMBbI 3a6~arOBpe"":i 

MeHHoro pacrr03HaBaHMff He6~arorrpMffTHbIT yC~OBMM. TeM BpeMeHeM ~O~XHO 6HTb 

M3y~eHo McrrO~h30BaHMe CTaTMCTM~eCKMX CBOMCTB cepMM oca~KOB ~~H o~eHKM 

orraCHQCTM 3aCyxM B pa3~H~HbIT paMOHax. 



RESUMEN 

La sequia aparece con mayor 0 menor frecuencia en todas las regiones clima­
ticas que ordinariamente disponen de precipitaci6n adecuada para la agricultura y su­
ministro de agua. Sin embargo, cuanto menor sea el numero medio de dias de precipi­
taci6n, mayor sera la variabilidad de un afio a otro. Este numero depende en gran me­
dida de la circulaci6n at~osferica en gran escala. En las regiones improductivas, 
especialmente en las que estan situadas al borde de los grandes centr~s subtropica­
las de alta presi6n, esta dependencia mot iva con algunafrecuencia la falta de lluvia, 
con desastroso resultado para la economIa local. Los cambios de la circulaci6n gene­
ralcausan deficit de precipitaci6n y tienen como consecuencia el que 1a sequia afec­
te tambien a atros elementos meteoro16gicos tales como las nubes con el catastr6fico 
resultado de que regiones afectadas por clichas sequIas tampoco disponen habitualmen­
te de sistemas nubososadecuados para una posible modificaci6n artificialo 

El anolisis de los datos de los largos registros de precipitaci6n en distin­
tas partes del mundo no indica ninguna tendencia radical unica aino solamente fluctua­
cionesque pueden persistir durQnte varios aROSe El onolisis espectral revelo ciclos 
no bien definidos de lluvia en cualquier lugar aunque se aprecia un ritmo irregular­
mente distribuido de dos 0 tres aRos de duraci6n. Al mismo tiempo, el on61isis no 
impide completamente la presencia de un debil ritmo en la banda espectral comprendida. 
entre e1 onceavo y el treceavo ano, que podria quizas identificarse con el cicIo so­
lar. Est.a cuesti6n requiere ~er investigada con mas amplitude 

Las tierras situadas en las proximidades de las zonas oridas son las mas 
afectadas por 10 frecuencia e intensidad de las sequIas. Su vegetaci6n constituye 
un con junto eco16gicamente fragil y su agricultura es precario. A menos que la tie­
rra se cultive con mucho cuidado, la desertificaci6n constituye un peligro permanen­
tee 

La sequIa que se produjo en la regi6n del Sahel en 1971-1973 parece que ha 
tenido ya precedente y existen pruebas de que est6 relacionada con los cambios de 
10 circulaci6n atmosferica en gran escola sobre el Atlantico Norte. S610 en los ul­
timos afios se ha podido disponer de datos suficientes para investigar estasanomalias 
y parece ofrecer buenas perspectivas la investigaci6n de este fen6meno para poder 
identificar prontamente la oparici6n de condiciones adversas. Mientras tanto, se de­
ben utilizar las propiedades estadisticas de los series de precipitaci6n para la eva­
luaci6n del riesgo de sequIa en distintas regiones. 
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Drought has been a scourge of mankind throughout historyq It has con­

fronted meteorologi.sts also fora long time. After each major drought 

episode descriptions and analyses appeared in the literature. A few com­

prehensive treatises also exist. tve cite here only the 'boo~k ?f '!annehill 

(i947). But the need for a clearer understanding of the drought phenomenon 

than heretofore~and the crying need to replace relief by forecasting and 

planning finds the meteorological profession still unable to cope with its 

share of the task (Landsberg, 1965). 

It is e~sential to distinguish at the outset between aridity and drought. 

Both of them are characterized by lack of water. Aridity, however, carries 

the connotation of a more or less permanent climatic condition, bringing 

about deserts as the companion 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

plies. There are marginal areas on the globe, often called semi~arid, that 

are transition zones between truly arid areas and moister regions with more 

reliable precipitation. These zones are those most frequented by drought. 

The consequences of this condition periodically focus world attention on 

this meteorological 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, hmlever, be clearly understood that no region, no matter how 

well blessed with water from the sky, is free from droughte And the opposite 

is also true that even relatively dry areas are occasionally flooded by a 

deluge. In the light of this it may sound incongruous that 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 it a drought. Yet 

there have been a very large number of attempts to come quantitatively to 
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to grips with t.he. occurrences of dry spells of shorter or longer duration. 

Our focus here. shall be on the climatological aspects of the p·roblem. . In 

this context.itmay.be well to recall that of all the usual elements. used 

for representation .of climate the average precipitation is often the most 

misleading. 'If used with di;f?crimination it can, however, give geographi­

cally useful information. It usually enters as a parameter in to a variety 

of indices used for delineation of various climatic Zones. Table 1 gives 

a summary of a variety of aridity and drought indices which have been widely 

used. They range from those used for simple climatic mapping to more com­

plex parameters. which include many elements of the local hydrological bal­

ance. '!he most elaborate of these is the drought indeX of W. C. Palmer (1965). 

Although it includes soil factors it is still a meteorological parameter. 

It evolved logically from the more elementary measures of C. W. Thornthwaite 

,(1931), 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 as-sessing the vagaries of .rainfall. 

As in many other probl.ems ·that can benefit from use of a climatological 

parameter ELsa basic variab1e (or input parameter).~ figures that are directly 

meaningful for the practical purpose on hand have begun to evolve • . Thus meteo­

rological drought has yielded to measures, of agricultural drought) which is re­

lated to physiological drought for natural vegetation. The latter not infre~ 

quently is brought about by detrimental salt accumulations in soil. Effects 

of drought on crop yields in an affected area have certainly drawn the greates t 

public attention. But it would be a serious mistake to consider only the 

agricultural effects of' drought. In populated and industrialized areas water 

shortages can. seriously hamper production, hygiene and sanitation, and even 

lead to water rationing. 



- 49 -

It is obviously inadequate to look at drought as a local phenOllle110n 

with locally observ~d weather elements. Even an elementary study 'tvill im-­

mediately show that drought is usually not an isolated phenomenon. It is 

often widespread over a large area simultaneously, like other climatic anomalies, 

and as such a consequence of large-scale anomalies in the atmospheric circula­

tion patte.rns. These anomalies are hemispheric or even global in character 

(Flohn, 1973; National Science Board, 1973). And, although we can readily 

recognize the contemporaneous associations, very little is known about ante­

cedent conditions and even less about hOvl to forecast them (Namias, 1974). 

One can not rule out the possibility of extraterrestrial (solar) influences. 

We shall refer back to these broad problems again. 

Yet climatologi.cal and statis tical analyses do not leave us entirely help-­

less vis-~-vis the drought phenomenon. One clear indication these studies 

give is the fact that drought is a recurrent phenomenon. There is no need 

to invoke climatic change as a cause each time drought occurs. Quite the 

contrary is evident: drought is an integral, if irregular, component of 

climate as it exists now. 'Particularly exposed to this scourge are climates 

with low amounts of rainfall, even if they are not generally devoid of vege­

tation and capable of supporting some agriculture in normal and goodyears. 

The endangered areas are readily evident in a geographical sense and 

closely tied to the broad patterns of the general circulation of the atmos­

phere. Regions at the fringes of the semi-permanent subtropical high pres­

sure cells have notorious problems. Others, less frequently involved, but 

still notably affected, are parts of the world where summer monsoonal cir­

culations are the principal rain bringers. The role of sea-surface tempera­

tures, either influenced by cold currents or wind-induced upwelling, is also 

quite obvious. In many instances all three factors interact. This can be 

sc:hemattcally seen in the spectacular ra.infall gradient Hith respect 'Co lati-
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tude first discussed by Lydolph (1957), (Figure 1). In a temporal sense, 

the variations in the general circulation. are closely tied to the tempera-

ture gradient between the Equator and Pole. Korff and Flohn (1969) have dcmon-' 

strated the dependence of the position of the subtropical high pressur:~ cell 

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

Even in relatively short intervals of time shifts of the subtropical Idgh5; 

can affect the available precipitation amounts materially. Ganor (1963) showed 

this in an interes ting fashion for Israel by mapping the position of the boun-

dary of aridity. Using Thornthwaite's.index value of PiE < 16 he not ol1·ly 

demonstrated high variabili ty from 'tV'ater year to water year but indir:.ated a 

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

probably did, by no means, include the extreme positions to be expected in the 

present climatic era. Thornthwaite (194lb) had mapped the PiE indices for the 

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

ods expel'ienced. over a large. part of the country ,(Figure 4). In this region 

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

tudinal position of the subtropical high, although through monsoonal cUr-

rents and development of tropical storms it is not entirely independent of it .. 

However; the main reason for drought in the area east of. the Rocky Mountains' 

is .the position of the major troughs in the tropospheric tvesterlies that 

either permit or bloc}':. influx of moist -air from th~ Gulf of Mexico and the 

subtropical Atlantic Ocean. From the 40-year span the boundary of the 

pIE ratio < 32 (semi~arid), was derived as ~ statistical probability of oc-

currence ';iii th 1%, 50~~ arrd 99% likelihood. This ShOKS a longitudinal dif-

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

. One can demonstrate about the Same thing by mapping the yearly positi.on of 

the 400 mm annual.isohyet.~ (Figure 5). This value., i.nmiddle latitudes, is 
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a reasonably good indicator of the boundary belmv which crops can only be 

grown with temporary or permanent supplemental irrigation. 

TIlese simple representations are indicative of where the endangered crop 

areas are but further statistical analysis reveals greater detail of the 

precipitation values that can be expected at various levels of probability. 

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 variability is a statistic that permits, on the other hand, 

comparisons between areas of non-uniform synoptic regimes. Just as Biel (1929) 

and Conrad (1941) had already impliedj TIl<;h'1Y areas of small annual precipitation 

have the highest relative variation.. (Figure 6). Hershfield (1966) demonstra­

ted this very vividly for the U. S. (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 rom) (Figure 8). The less 

frequent the precipitation, the higher will be the coefficient of variation 

of annual totals. This is, of course, nothing but a reflection of the fre­

quency of ra.in-producing synoptic weather patterns. These patterns are also 

those producing clouds. This is an unfortunate circumstance for only tempo­

rary dry regions where relief has been sought through rain stimulation. 

But cloud seeding presupposes existence of suitable clouds. Analysis of 

major dry spells indicates that such clouds are absent and little, if any, 

hope can be held out that present practices of weather modification can be 

gainfully em.ployed to alleviate these drough ts. 

Another useful representation is a probability diagram for areas with 

wide divergence of rainfall amounts, because of orographic control for ex­

ample, but under relatively uniform synoptic weather r~gimes. Such a sta­

tistical abstraction \'JC:lS firs t: des igned for the island of Oahu, Hmvaii 

(Landsberg, 1951) (Fignre 9). F8.11~n (1955) showed the applicability fer 
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1:1exico, an entirely different environment. But both areas are characterized 

by a wide range of ~verage precipitation 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 main 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 problem will quickly convince anyone of 

its dimensions. A great deal of pertinent 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 this context be­

cause their margins are most endangered by drought. They are also among the 

densely populated areas because of their thermal suitability for settlement. 

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

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

tent of dry lands on the basis of Tho~nthwaite's pIE index. The vast areas 

concerned are clearly evident from Table II, which shows that these lands 

comprise 48 million square kilometers of the continents (omitting Antarctica 

and Greenland). As stated before, the proximity to dry land governs the 

overall variability of rainfall which can be clearly shown on maps previously 

referred to. Of the land areas only those in the zone of the mid-latitude 

westerlies and tropical convergence zone have reasonably reliable precipita­

tion. Much of the major crop-producing land (excluding forest products) 

is in these zones, (Figu.re 10). But almost 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 century (Figure 11). 

Much can be learned from careful analysis of droughts in specific r€:.­

gionsof the world. The United States, although only 2 per cent of the 
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earth's surface, but producing close t.o 20 per cent of the world's total 

grains, offer many 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 Atla.ntic seaboard. Farms bec.ame desolate and ten 

thousands of -farmers and their families had to migrate from Kansas, Oklahoma, 

Arkansas, and other states to less affected regions in search of a liveli­

hood. This disaster led to much research on scil conservation and on the 

weather factors responsible for the drought. 

One result of this research was the development of an index capable of 

assessing the severity of drought by W. C. Palmer (1965). The index encom­

passes not only precipitation and evapotranspiration but also soil and cli­

matic factors appropriate for the region. It is an accumulative parameter 

which not only permits gauging of present conditions but also indicates, 

. retrospectively, the oeginning and end of drought periods. 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 ~hese 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 agri~ul­

tural risk. However, other areas are not excepted from occasional and, some­

times, persistent rainfall deficiency. This was the case in the 1960's in the 

northeastern part of the country. It led to severe water shortages i.n the 

densely settled and industrialized coastal belt from :Harytand to Massachusetts. 

CUlllulative deficits in 1966 had reached over750 millimeters and in some spots 

exceeded the total of an average year's precipitation (Russell et al., 1970). 

nle 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 distribution 

(Figure 12). This analysis showed that about once in 130 years such a deficit 

is en tirely within the realm of variability of the precipitation regime, i. e. , 

rare but not outside of expectation. 

In this particular instance, the effects on industries, "",7hich are copious 

consumers of water, and on 't..rater supply and sewage disposal systems of large 

municipalities were severe. In the agricultural sector there were also the 

hardships connnon 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 replaced. 

It will take several years for a new tree to bear ,long after fields and 

pastures have recovered. from the adverse meteorological event. 

Let me add here that freak dry spells, in areas otherwise blessed by 

adequate moisture, do occur - sometimes in relatively isolated smaller areas. 

These are best shown by the persistence tendency 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 'tvell with exception of the 

year 1930 where one dry spell lasted 150 consecutive days. The frequency 

analysis would let one expect such an extraordinary event only once 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 general circula­

tion. The fact that the much rainier conditions prevailing before 1930 were 

restored after this rather singular event should warn one not to jump to the 

hasty conclusi.on that a climatic change has occurred 'tllhen a neVl extreme is 

recorded somewhere. 
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Enough long records of precipitation exist in the world~ many of them 

preserved in that extraordinary source collection, the ~vorld ~.Jeather Records, 

to which 'V.Tt-l0 members contribute so commendably, that statistical evaluation 

is 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 various localities permits not only an assessment of precipita-

tion risk factors (both at the high and the low end) but also makes it easy to 

" compare various precipitation regimes. In a linear probability diagram the 

stations with reliable rainfall show a flat slope, those \-lith high variability 

have a steep slope. We have chosen to look at some of the longest records 

available and at some notorious drought-·plagued areas. These include the 

eastern United States Seaboard (centered at Phi.ladelphia), northwestern Europe 

(Aberdeen) to represent ~umid 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 periodically 

dry 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 

still under the influence of \vesterlies. Three definite slope patterns show. 

Particularly notable is the fact that the monsoonal zones have the greatest 

slope - a typical feast to famine pattern. It clearly shows the wisdom of 

the ancient hydraulic 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 functions, useful as they may be for assessing clima-

tic"risks, only tell a collective story. Some details can usually be gathered 
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from a closer look at frequency histograms (Figure 15). Y~ny of the sta-

tions analyzed show con@on unimodal distributions. Of those mentioned above 

Philadelphia (230 years) and Seoul, Korea ( ~ 200 years) have this form. 

In contrast, stand the two long-record stations in Senegal (Dakar, St. Louis). 

Both have nearly a century of data, unfortunately a rarity in this area under 

weather stres~. They show that south of the Sahara a bimodal patten1 for 

annual rainfall, which is very seasonal and restricted' to the summer solsti-

tial interval, prevails. This occurrence pattern suggests the prevalence of 

two regimes of rainfall. The drier of these seems to be governed by the Sa-

haran influence and the wetter years are dominated by deep northward pene-

tration of the Intertropical Convergence Zone. Clearly, substantial rain-

fall 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 

shallow, . precondi.tions for ratnfal1' 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 rainfall from desert (Figure 16). It is a continuous 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 climatic patterns. 

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

that are associated with rainfall anomalies in the Sudano-Sahelian area. Un-

fortunately, the readily available synoptic material is scanty. But it seemed 

interesting to look at least at n~o recent years with widely divergent rain-

fall values at Dakar. In 1969 seasonal precipitation was considerably above 

the average and 1972 was the core of the drought period. The yearly charts 

" 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 Africa showed 

a weakened Atlantic circulation; ~oth the Azoric High and the Icelandic Low 

were 'i,Teakened and the upper-air contours showed straight zonal flow, (1,'igures 27·-

19). The temperature anomalies in.dicated a warm area in the Sahelian zone ·wi.th 

a warm off-shore sector,.. (Figure 20). In contrast, there was an intensified 

North Atlantic circulation in 1972. The Azores High was stronger and the pres­

sure in the Icelandic trough zone lowered (Figures 21, 22). In the tropospher­

ic circulation a distinct trough is notable between 0
0 

and 100 Vl lon.gitude (Fig­

ure 12). There is also a marked negative temperature anomaly off West Africa. 

(Figure 24)e Although these two cases show divergent large-scale synoptic 

patterns they are at best suggestive for further L~vestigations. The availa­

ble data material, especially the sea-surface temperature values in critical 

zones adjacent to West Africa are inadequate to obtain corroborating evidence 

from earlier years. 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 the pictographs and sculpture of the Mayas a rain god and a drought 

goddess 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 and withered ears of grain, was interpreted by Joseph with a meteo­

rological reference to the temporary prevalence of the dry east wind. We 
ma~ dismiss the reference to seven good years and seven years of drought 

as indication of a cycle, but the passage is a definitive indication of im­

pressive rainfall fluctuatlons in Egypt' or the sources of the Nile. River. 



- 58-

Year .. to"year rainfall at all localities ever studied exhibits a typical 

noise pattern of alternating ups and downs'. Despite the restlessness there 

are, however, nearly everywhere conspicuous intervals of shorter or longer 

duration when the departure from average seem to be one-sided. This feature 

has always been an incentive to the periodicity hunters. Yet in data uni-

verses so beset by irregularities, where it 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 

cycles, no atmospheric element exhibits truly periodic character. There are 

at best irregular rhythms which can only be discerned as contributors to a 

particular frequency band after a long time series has been obtaineds Even 

then, if one or ,the other band in the spectrum exhibits more power than others, 

one is always confronted with the question lolhat model to use for tests of signi­

ficance.. Most work in the past has made comparisons with a white or red spectrum. 

In context of droughts let me refer here to a limited material only. Mit­

chell (1968) has, 'for example, calculated ,a power spectrum for the Palmer drough t, 

index during the summer months for· the 'long rainfall series at Central Park, 

New York (Figure 25).. This spectrum shows a number of peaks. Quite signi-:­

ficant seems to be one around 3 ye,ars; others around,8, 13, and 40 years are' 

prominent but do not reach the 95 per cent confidence limit. This is not un-· 

typical of results in humid regions. 

A similar' attempt for the 86-year rainfall series at Dakar (El-Sayed and 

Landsberg, 1973) indicates two prominent peaks,~ (Figure 26)., Orieis around three' 

years, with a minor 2.2 year peak'before, the other at close to 11 years. Both 

of them, are close to statistical significance. There is no'serial correLation. 

It 1s also important in our context to stress that the statistical analysis of the 

Dakar data shows absence of a trend. This is important'because of the many state-
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'ments to the effect that the Sudano-Sahelian drought of recent years is a 

result of a climatic change. 

The intriguing peak at 1,1 years, so close to the sunspot rhythm, makes 

it difficult to dismiss a possible solar infiuence on rainfall out of hand. 

The appearance of a rhythm-approximating the double sunspot cycle in the 

droughts of the Great Plains in the United States' induce further reflection. 

The study of Jagannathan and Parthasarathy (1973) of the rainfall in Iridia 

also contains pertinent information. The longest series in that analysis 

represents the Madras observations since 1813. It is the same series of over 

150 years we used to represent the probability function of the Indian monsoono 

The data show no significant trend either, but a statistically signific.ant 

s pe c·t ral band between 2. 4-2 • 8 years and ano ther one between 11. 7-13" 5 years, 

although not entirely secured statistically. The Fortaleza, Brazil (Markham, 

1974) power' spectrum of annual precipitation showed a strong peak at 13 years, 

also close to the solar cycle, and one of the double length. The power in 

the 2-3 year interval is also high. 

It may well be coincidence that four series, widely separated geographi­

cally, show a spectral peak near the frequency of the sunspot rhythm. This. 

seems to keep the question of solar influence at least open until longer ser­

ies become available or a convincing physical model can be adduced. On the 

other hand, the irregular 2-to ~year pulse is so firmly established in these 

and other meteorological time series ~hat it must be regarded as ~ fundamental 

oscillation of the ocean-atmosphere system even though all current explana­

tions of this phenomenon are implausible and will remain so until the part 

the oceans play in the system becomes more clarified than heretofore. 

It remains now to inquire lastly into the possible role man plays, other 

than as a victim, in the drama of drought. As we have already seen, drought is 

_a particular menace in the areas marginal to the truly arid or desert zones. 
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There is no doubt. that these are ecologically very fragile. Human inter­

ference with the natural vegetation can havefar-.reaching local consequences. 

They do not cha.nge the climate but they do seriously affect the mi.cro-and· 

meso-climate. locally. There is ample documentation for this, much of it from 

observation of deforestation, where it takes heroic measures and great patience 

to re-establish a forest once it has ·been completely removed. The hydro-bio­

logist .Lie1?mann- (1973) expressed the well-founded view that deforestation did 

not only destroy large parts of the ecology of the Mediterranean space but 

transformed vast areas of China to steppe and was a. contributary cause for 

erosion forcing the Mayas to abandon their towns. 

In the u~s. we had "'Tith~n living memory a vivid demonstration of. the 

truism of man's detrimental effect on an ecosystem, (Thornthwaite, 1941a). 

The ploughing and bringing into cultivation of the Great Plains, in the period 

of World War I and .the 1920's led, during the disastrous drought of the mid­

thirtieth to massive ~>1ind erosion, and only strenuous efforts by soilcon­

servation practices permitted a partial recovery from that catastrophe. 

In other places,and the Sahel and parts of North Africa (Flohn, 1971) 

are examples, overgrazing bas caused similar destruction· of the native vege.­

tation.· Poor practices ha",!e been excused by the allegation that this was an 

. encroachment of the desert. But the desert or the precipitation pattern is 

not to blame.. Misuse has added territory to the desert and it is primarily 

man's fa.ult. A reversal iauot impossible, but it will be a costly, tedious, 

and drawn-out process. 

In conclusion let me state that drought is part and parcel of the cli­

matic pattern in all parts of the world. It is just as much a piece of the 

present-day climate as. are flood-producing excessive rains. These events at 

the wings of the frequency. dist'cibution are consequences of the oscillations 

of tJle gene.ra1 atmospheric circulation,' a broadband of which is accommo-

dated in the ·clima.te that has governed the planet since the end ofthePleisto .... 
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cene. Unfortunately, the marginal zones of- high rainfall variability will 

al~lays take the brunt of the fluctuations as will the thermally disad­

vantaged belts near the 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 here 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 SURVEY OF DROUGHT INDICES 

R. Lang (1915) Rain Factor Index 
P 
T 

( <40 arid) 

P 
E. de Hartonne (1926) Index of Aridity T+10 ( <5"desert") 

1.65 ( Pi ~)9/10 
t.+12.L. 

C. W. Thornthwaite (1931) pIE index pIE = I~II 

J. A. Prescott (1949) effective rainfall = 

R. Capot-Rey (1951) Improved aridity index 

H. P. Bailey (1958) PE = P/1.025T+x « 4.6 

P. Moral (1964) monthly aridity boundary 

0.54 EO. 7 

1 P 
"2 ( T+10 

semi-arid 

2 
t. 

1. 

12p. 
1. 

+ t.+10 ) 
1. 

boundary) 

1. 
P = -- - t + 20 i 1.0 

w. G •. Palmer . (1965) Drought Severity Index X. Ii p-p 
1. T=l (PE+R) / (P+L) 

A. Y. M. Yao (1969) Moisture stress index 11SI E/PE 

ET = S8 + p S cc S 
8 0 

Simple indices: meteorological 250 mm isohyet border of aridity 

/ 

P IE ~31 
semiarid 
pIE .$.16 arid 

(0.31 T+2. 69) 

400 mm isohyet border of semi-aridity 

agricultural < 90%. of average crop yield 
. En E. 

Statistical measures: 
(Conrad, 1941) 

absolute average variability v =~ 
a n E. 

1. 

relative variability 

Coefficient of variation C = v 
100 (J 

Symbols 

P or p 

E 

.,x 

R 

p 

Mean Annual precipitation [mm] 

Actual annual evaporation or 
evapotranspiration [mm] 

Individual monthly precipitation 
[mm] 

Climatically appropriate water 
balance for existing conditions 

Empirical coefficient 

Recharge [rom] 

S8 Soil moisture loss [rom] 

v= lOOva 
r -p 

T Mean annual Temperature °c 

PE Annual potential evapotran­
spiration [mm] 

t. Individual monthly temperature rOC] 
1. 

T Number of months 

L Loss [mm] 

S Antecedent soil moisture [rom] 
o 

(J Standard deviation 
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TA..13LE 2 

DRY LANDS BY CONTINENT (ADAPTED FROM MEIGS J I957) 

CONTINENT DRY AREA ' % OF TOTAL 
(MILLIONS OF SQ. KM. ) 

AFRICA 18 64 
ASIA 16 39 . 
AUSTRALIA 6 81 
N. AMERICA 4 17 
S. AMERICA 3 16 
EUROPE 1 1 
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Figure 1 - Latitudinal gradient of precipitation near coastal 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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Figure 3 - Average and extreme positions of PiE index <16 boundary 
in Israel - 1940/1941 to 1959/1960 (after Ganor, 1963) 
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THORNTHWAITE PIE ,INDEX lESS THAN 32 
, t I' BASED ON RECORDS FOR 1900 - 1939 

Figure 4- Central U.S. PiE index <32; 99%, 50%, 1% 
p robabi1i ty, 1900-19'39 (a fte r Thornthwai te, 1941) 

0' 

'" 



'-". 

GENERALIZED MEAN AND EXTREME POSITIONS OF THE 400 MM ISOHYET 
~95~ - 1973 

Figure 5 - Mean and extreme positions of 400 mm annual isohyet, 
Central U.S., 1951-1973 
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Figure 6 - Variability of annual precipitation on earth 
(after Conrad, 1941) 
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COEFFICIENT OF VARIATiON OF ANNUAL PRECIPITATION (%) 

Figure 7 - Coefficient of variation of annual precipitation 
in the U.S. (after Hershfield, 1966) 
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Figure 8 - Coefficient of variation of mean annual precipitation 
at U.S. stations vs. mean annual number of days with precipita­
tion ~ 0.25 mm 
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Figure 9 - Probability functions of annual rainfall vs. mean 
annual rainfall in an area of uniform synoptic regime, Oahu, 
Hawaii (after Landsberg, 1951) 



- 74 _. 

..!:. 
-f-l 

1-1 
o 

!J.J 

C 
o 
rn· 
o 
(l) 
I-~ 
1;) 

0> 
C 

.,-! 

U 
;:) 

"U 
o 
H 
Q... 

Q... 
o 
H 
U 

k 
o 
o 

L 



AREAS EXPERIENCING AT LEAST ONE MAJOR CROP DAMAGING DROUGHT IN 25 YEARS 
(1948 - 1973) 

Figure 11 - Areas on Earth at least, once affected by drought 
during 1948-1973 interval 
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Figure 12 - ProbQbility distribution of cumulative depQrtures from meQn for 
three stations in Massachusetts, 1870 ... 1968 (after Russel !i .91., 1970) 

..... 
Q\ 



50 

40 

30 

20 

RETURN PERIOD (yEARS) 2 

wtXDSTOCI( MARYLAND 1901-1960 
CCWTINJOUS CR1 PERIODS 
DAYS < 2.5mm PRECIPITATION 

10 25 50 100 

,,/ 

/" 
,,/ 

300 

1930 
I50d 
-10-4 f 

10L[ __ ~~ ______ ~ ____________ ~ ______ -L ____ ~ ________ ~ ______ ~ __________ ~ ______ ~ ________________ ~~------~ 

10 50 70 80 90 95 98 99 

PROBABILITY ('0> 

Figure 13 - Probability of dry-spell duration (days ~ 0.25 mm 
precipitation) at Woodstock, Maryland (after Hershfield, 1971) 
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Figure 14 - Probability function of annual precipitation .amounts 
at selected localities in different climatic regimes 
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Figure 15 - Histograms of relative frequencies of annual precipi­
tation amounts at Dakar and St& Louis (Senegal); Se6ul (Korea); 
and Eastern U.S. Seaboard 
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Figure 16 - Pluviothermal regimes of West Africa (after 'Moral, 19~4) 
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Figure 17 - Surface pressure, Atlantic Space, 1969 - (moist 
year in Dakar, Senegal) 
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Figuie18 - Surface pressure departure from mean) Atlantic. 
Space, 1969 
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Figure 19 - 300-mbar contours, Atlantic Space 1969 
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Figure 20 - Su~fa~e temperature departures from mean, Atlantic 
Space, 1969 
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Figure 21 - Surface pressure, Atlantic Space, 1972 (very dry 
year in Dakar, Senegal) 
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Figure 22 - Surface pressure departure from mean, Atlantic 
Space, 1972 . 
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300 MB CONTOURS 
DECEMBER 1971 - NOVEMBER 1972 

Figure 23 -300-mbgr contours, At1cintic Space, 1972 
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Figu're 24 - Surface temperature departures from mean, Atlantic 
Space, 1972 
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Figure 25 - Power spectrum pf the Palmer drought index (summer) 
at Central Park, New York, 1826-1966 (after Mitchell, 1968) 
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Figure 26 - Power spectrum of Dakar, Senegal, onnual precipitation, 1887-1973 
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SUMMARY 

The observations, measurements and studies which have been carried out since 
1970 by hydrologists of the ORSTOM (Office for Overseas Scientific and Technical Re­
search) reveal the complex nature of a drought such as is being experienced in Africa: 
complex in its significance for the various aspects of the economy affected by the 
drought - stock-rearing, dry-farming, irrigated crops, hydro-electricity, etc.; com­
plex in the.spatial variations of the severity along 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 Sahara to the equatorial forest, 
while there is a second zone of drought in southern Africa. 

In this study, some examples are given of values observed in the northern 
hemisphere of mean annual discharges, annual maximum value·s of discharges and the 
minimum values which followed in 1972 and, as far as possible, for the year 1973, 
particularly for ihe Senegal, Niger and Chari. The return period of these values for 
the two years varies in general from 50 to 100 years. The minimum values which 
followed the flood of 1973 are not known at 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 amounts 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 statisticians to think. As regards 
discharges, the present period is somewhat similar to 1913. 

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



RESLt1E 

Les observations, mesures et 'tude~ effectu~es depuis 1970 par les hydro­
.logues de l'ORSTOM mettent en evidence Ie caractere complexe d'unesecheresse telle 
que celIe que lion observe actuellement en Afrique : complexite dans sasignifica­
ticn pour les divera aspects de l'economie touches par la secheresse : elevage, cul­
ture seches, cultures irriguees, hydroelectricite, etc., complexite dans les varia­
tions spatiales de sa severite sur la longue bande sinistree qui va du nord du 
Bresil j usqu' a 1 v Inde.; Les phenomEmes sont plus faeiles a etudier d' apres l' hydro­
logie des grands fleuves pour lesquels les singularites locales sent eliminees. 

La zone offectee en Afrique s'etend du Sahara a 10 for&t equatoriale; on 
retrouve une seconde zone de secheresse en Afrique australe. 

Le present expose donne quelques exemples des valeurs observees dans l'hemi­
sphere Nord pour les debits moyens annuels, les valeursmaximales annuelles des de­
bits et les voleurs minimales qui leur font suite pour l'annee 1972 et, dans 10 
mesuredu possible, pour l'annee 1973, en particulier pour Ie Senegal, Ie Niger et 
Ie Chari. La p'riode de retour de cas caracteristiques varie en gen'ral pour les 
deux annees de 50 ans ~ 100 ans. Les voleurs maximoles qui font suite a 10 crue 
de 1973 ne sont pas connues (] 10 date de cet expose mois, dans beaucoup de bassins, 
elles sent inferieures a celles de l i annee precedente. Meme si l'on suppose que les 
precipitations annuelles, a l'origins des debits de ces deux annees, sont indepen~ 
dontes, ce qui n'est· probablement pas Ie cas, les vo1umesannuels 'caul's ne ·le 
sent certainement pas par suite du d'ficit d'humiditj des sols, au moins dans Ie 
lit majeur des cours d'eau. Ceei peut faire r'fl'chir les statisticiens.' La p'­
riode actuelle en C~ qui concerne le$ d'bits est assez comparable a celIe de 1913. 

On peut Ie voir d'apr~s quelques donn'es sur 10 situation du lac Tchad en 
1973 ... 1974 ·.qui est comparee a ce que 1 'on sai t des situations anterieures. 



PE3IOME. 

Hao~ID~eHllR, ll3MepeHllR M MCC~e~OBaHllR, KOTOphle Be~yTcR rM~pO~Ora­

MM QRSTOM (Be~OMCTBO 3apyoeJKHbIX TeXHM1.IeCKllX llCC~e,II;OBaHMll) C 1970 r. 

ITOKa3hlBaIDT C~OJKHhlll xapaKTep 3acyxll,Hao~ID~aeMoll B A~pllKe; ·C~OJKHaR ITO 3Ha1.Ie­

HllID CBoero B~llHHHH Ha pa3~ll1.IHhle acneKThl 3KOHOMHKll: JKllBOTHOBO~CTBO, oorap­

Hoe 3eM~e~e~lle, ITO~llBHble ce~bCKOX03HllCTBeHHhle Ky~bTyphl, rH~p03HeprHIO· II 

T ~,II;.; C~OJKHaH no ITpOCTpaHCTBeHHhlM Ko~eoaHllHM HHTeHCHBHOCTH B~O~b Cll~bHO ITO­

paJKaeMOll 30Hhl, npOCTllpaID~ellCH OT ceBepHOll 1.IaCTH Bpa3M~HH ~O MH,II;HH. 3TH HB­

~eHHH 3acyxH MOJKHO oo~ee ~erKO llCC~e,II;OBaTb no rll~po~orHH OO~brnMX peK, ~~H 

KOTOPbIX HCK~ID1.IaIDTCH MeCTHhle ocoOeHHOCTH. 

IIopaJKeHHaR 3acyxoll 30Ha B A~pllKe npocTHpaeT.cR OT Caxaphl ~o 3KBaTO­

plla~bHbIX ~ecoB, B TO JKe BpeMH HMeeTCH BTopaH 30Ha 3aCyxH B hlJKHOll A~pHKe. 

B 3 TOM Mcc~e~OBaHllM ITpHBe~eHhl HeKOTophle ITpMMepbI HaO~ID~eHHbIX B Ce­

BepHOM no~ymapHH Be~ll1.IHH cpe~HMX rO,II;OBbIX paCXO~OB '- MaKCI1Ma~bHbIX rO~OBhlX 

paCXO~OB H MHHMMa~bHhlX paCXO~OB, KOTophle HaO~IO,II;a~HCb B 1972 r., a TaKJKe 

H B 1973 r 8' oco6eHHO B CeHera~e, HMrepe H lIapH. r. HHTepBa~ ITOBTOpReMOCTM 

3TMX Be~ll1.IHH ~~H 3THX ~Byx ~eT B 06~eM Ko~eo~eTCH OT 50 ~o 100 ~eT. Be~H-

1.IHHbI MllHHMa~bHhlX pacxo~oB, KOTopble noc~e~OBa~H 3a naBO,II;KOM 1973 r., He 

ObmH H3BeOTHhl BO BpeMR 3Toro HCCJIe~OBaHHH, HO BO MHorHX oaccellHax BeJIH1.IHHbI 

paCXO~OB HHJKe ITO cpaBHeHHID C BeJIH1.IHHaMH 3a ITpe~rneCTByro~Hll ro~. ECJIH ,II;aJKe 

npe~ITO~O~HTb, ~TO KO~H1.IeCTBO eJKerO~HbIX oca~KOB, Bhl3BaBrnee yBe~H1.IeHHe pac­

XO~OB 3a nepHO,II; 3THX ~Byx ~eT, HB~HeTcH He3aBHCHMbIM (1.ITO, BepOHTHO, He Tal{) , 

TO rO~OBOll CTOK, KOHe1.IHO ,!.1.~ HB~HeTCH.~e,.3.g.flJ1:G~MhlM . .!._ .. El_B~.ll.Y ,I!;e~HIJ;I1Ta B~aJKHOCTH 

IT01.IBhl, no KpallHell Mepe, B naBO,II;KOBOM pyc~e BO~OTOKOB. 3TO B03MOJKHQ 3aCTa-
'-- -------_._-- .. _. __ ._ ......... _-- .-..... 

BHT CTaTHCTHKOB ITO~yMaTb. ~TO KacaeTCH paCXO~OB, TO HblliernHHll rrepHO~ Hec-

KO~bKO aHa~OrH1.IeH ITepHo~y 1913 r. 

3TO MOJKHO BH~eTb ITO He6o~brnoMY KO~H1.IeCTBy ,I!;aHHhlX, CBH3aHHbIX C cHlflya­

~Hell Ha o3epe lIa~ B 1973-1974 rrg, KOTophle cpaBHHBaroTcH C Heoo~brnHM KOJIH-

1.IeCTBOM H3BeCTHhlX ~aHHhlX ITpe~hl,II;y~Hx cHTya~Hll" 



RESUMEN 

Las observaciones, medidas y estudios efectuados por los hidrologos del 
ORSTOM desde 1970 revelan la Indole compleja de la sequia que actualmente se observa 
en Africa: complejidad en su significaci6n, por los diversos aspectos de la economia 
afectados por la sequia, tales como cria de ganado, cultivos secos, cultivos de rego­
dio, hidroelectricidad, etc.; complejidad de las variaciones espaciales irregulares 
y complejas de la graveda~ de esa sequia en la zona afectada que se extiende del nor­
te del Brasil hasta la India. Los fenomenos son mas fdciles de estudiar a partir de 
10 hidrologia de los grandes rios, en los que las particularidades locales quedan eli­
minadas. 

La zona afectada en Africa se extiende del Sahara a la selva ecuatorial. 
En Africa austral se puede' observar . una segundo zona de sequia. 

En el presente estudio figuran algunos ejemplos ·de los valores observados 
en el hemisferio norte en 10' que respecta a los cauda1es anuales medios, 'a los valo­
res .maximos anuales de los caudales y a los valores mInimos observados durante el 
ano 1972.y,. en la medida de 10 posible, duranteel ano 1973, particularmente en 
Senegal, NIger y Chari. El periodo de 'retorno de esas caracteristicos para los dos 
onos varia por 10 general de 50 a 100 anos. Los valores mInimos que sa observaron 
despues de la crecida de 1973 no se conocenal momento de redactar e1 presenteestu­
dio, pero en muchas cuencas esos valores son inferiores a los del ano anterior. In­
cluso sf se da por supuesto que las precipitaciones anuales que han originado los 
caudales de esos dos anos son independientes (10 cual no es probablemente el coso), 
los vo16menes anuales del flujo no son ciertamente independientes, debido 01 deficit 
de humedad de los suelos, al menos en el cauce 0 lecho mayor de los cursos de agua. 
Esto puede dar que pensar a los estadistas. En 10 que respecta a los caudales, el 
actual periodo es bastante analogo al del ano 1913. 

Esto.puede verse observando algunos datos relativos a 10 situaci6n del logo 
Chad en 1973-1974, que se compara con 10 que se sabe de las situaciones anteriores. 
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11 n'est pas facile de donner des secheresses une definition qui puisse sa­
tisfaire tous les specialistes interesses par leurs divers aspects et c'est d'ail­
leurs une des raisons pour lesquelles il a ete difficile de donner de la consistance 
aux pro jets qui avaient ete prevus au debut de la decennie hydrologique internatio­
nale pour lletude de ce sujet. 

En effet, la secheresse correspond a une insuffisance temporaire dleau, que 
cette eau provienne des pluies ou des apports d'une riviere, mais il nlest pas ne­
cessaire que cette insuffisance affecte la totalite de l'annee hydrologique, ou meme 
de la saison des pluies, pour qu'elle porte prejudice aux populations affectees par 
cette secheresse; il suffit qu'elle se produise a un moment critique pour la vegeta­
tion, par exemple, ou que Ie debut de la crue annuelle so it retarde de fa~on signi­
ficative, alors que les apports annuels sont au total tout a fait normaux. 

11 n'est pas rare dlobserver des annees pour lesquelles les precipitations 
presentent un total relativement deficitaire mais une distribution temporelle excel­
lente pour les cultures non irriguees alors que l'ecoulement dans les rivieres est 
bien plus foible que d'ordinoire; l'agriculteur qui pratique la culture non irriguee 
a des raisons d'etre satisfait, l'exploitant de centrale hydroelectrique qui voit ses 
barrages a moitie vides ne l'est pas du tout et estime que l'annee est seche et il 
peut en etre de meme de l'agriculteur installe dans les perimetres d'irrigation. 

De meme, les conditions optimales pour Ie remplissage des nappes sont loin 
de correspondre aux conditions optimales pour l'ecoulement superficiel ou pourl'agri­
culture. Notons enfin que, dans les zones arides, une annee peut etre sec he pour 
les cultures non irriguees et ne pas l'etre pour l'elevage extensif. Dans ce der­
nier cas, il suffit que les pluies permettent 10 germination et la croissance de la 
vegetation utilisee par les animaux, mais il n'est pas necessaire que 10 majorite 
des graines parvienne a maturite (il faut oussi que Ie betail trouve de lleau dans 
les puits et les mares). La culture non irriguee est nettement plus exigeante. 

Mois, dans les cas extremes, par exemple lorsque dans Ie nord-est du Bresil 
on observe deux annees consecutives pratiquement sans pluie, 10 secheresse affecte 
tous les usages de l'eau et il y a accord unanime pour la reconnaitre. 

Les considerations qui precedent montrent 10 complexite du probleme et ex­
pliquent pourquoi on ne peut pas affecter la meme frequence statistique a une se­
cheresse suivant llaspect particulier que lion considere : elevage, cultures non ir­
riguees, total pluviometrique, volume total des debits, debit minimal de basses eaux, 
etc. 

Malheureusement la secheresse qui, depuis 1970-1971, affecte llAfrique tropi­
cale au sud du Sahara est suffisamment severe pour presenter un caractere exception­
nel quels que soient les aspects que lion considere. 

On limitera cet expose sommaire a un examen rapide des precipitations et une 
analyse un peu plus approfondie des debits des cours d'eou parmi la zone la plus af­
fectee. Nous disposons pour cette zone·d'une documentation de base assez volumi­
neuse puisqu'une quinzaine de nos hydrologues et de nos hydrometristes y travaillent 
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en· permanence depuis un~ vingtaine d'annees et que·nous avons depouille, revalorise 
et interprete les donnees anciennes pluviometriques et hydrometriques depuis l~origine , 
des observations. 

Mais, meme en restreignant IVetude de la secheresse ~ ce seul aspect hydro~ 
logique, on se heurte encore ~ un second ordre de difficultes; malgre Ie caroct~re 
as~ez homog~ne des caract'ristiques physiographiques de l'Afrique de l'Ouest et la 
relative simplicite des mouvements des masses d'air qui commandent la saison des 
pluies, les precipitations et les debits observes presentent des deficits assez va­
riables d'un point 0 un autre si l'examen se limite ~ des surfaces inferieures ~ 

quelques milliers de km2. Par exemple, en 1972, en Haute .... Volta, la region de 
Ouagadougou et une bonne partie du sud et du sud-est du pays ont ete relativement 
epargnees. Dans 10 Republique du Niger, dans Ie bassin de Ie Maggio (2500 ·km2), Ie 
volume qui slest 'coule ~endant 10 saison des pluies n'est depasse que six annees 
sur.dix. II y a merne eu pendant les saisons des pluies 1972 et 1973 des crues ex­
ceptionnelles de p'riodes de retour dedix ens sur certains petits cours dleau. 
L'exemple du bassin olimentant·le lac de Bam, au nord de 10 Haute-Volta, ~st tr~s 

signi f ieoti f .. 

Alors quUune bonne partie de ce bassin a re~u en 1973 des pre6ipitations net~ 
tement inferieures a 10 moyenne, les regions voisines du .lac ont subi une averse ex­
ceptionnelle de sorte qulen definitive Ie niveau de ce lac a depasse en 1973 tous 
ceux quj avaient ete observes depuis une dizaine d'annee. 

Une autre difficulte vient s'ajouter ~ ces quelques irregularites spatiales, 
~·est la faible densit' du reseau pluviometrique etla qualite tr~s .inegcle d~s . 
releves actuels. 

Pour ces diverses raisons, l"tude des debits .des grandsfleuves, pour 10-
qualle les anomalies lo.cales et de nombreuses erreurs se trouvent elimintles, conduit 
.~ des resultats plus faciles a interpreter. Nous 10 completeronspar l'etude dulac 
Tchad qui se comporteun peu comme un gigantesque pluviom~tre naturel •. 

Sans pouvoir delimiter exactement liextension de cette secheresse du fait de 
certaines lacunas dans nos elements d'information~ nous pouvons· indiquer qu'elle ne 
s.e limite pas, loin de l~, au continent africain. Le nord-est du Bresil et l'Inde 
sontgravement touches etll Indochine' l' aurait,ete. sansde~x perturbation~ cycloniques 
qui ont releve sensibl~ment les totaux pluviometriques annuels et les volumes d I'ecou­
lament annuels pour 1972. 

Certaines parties,des regions temperees ont connu en meme temps une sache .. : 
'resse de coract~re parfois exceptionnel, tr~s variable d'une r'gion ~ une autre, mais~ 

comme toujoursdans ces regions, les phenom~nes sont moins simples. 

Comme ROUS l'avons observ~ pour la secheresse de 1958 dans les reg10ns equa­
toriales plus au sud, ce genre de s~cheresse s'etend suivant des bandes ~ peu pr~s 
paralleles a l'equateur. 

Pour l'Afrique en 1972 at 1973, Ie phenom~ne est tras net. 
tueas au sud du Sahara ontete tras touchees depuis Ie Senegal t et 
jusqu'a l'Ethiopie. 

Les regions si­
lo., Mauri tenie 



Plus au sud, dans la majeure partie de la Cate-d'Ivoire, Ie Togo, Ie Dahomey 
et une partie du Cameroun, on reI eve des debits egalement deficitaires, mais Ie ca­
ractere de ce deficit est moins dramatique siles periodes de retour sont les m~mes. 

Les regions meridionales, sud du Cameroun, Gabon, sud du Congo, n'ont pas 
presente de deficit tres marque. Par contre, au sud du Zaire commence une nouvelle 
bande deficitaire. 

Le fait de ne considerer que les precipitations et les debits simplifie Ie 
probleme mais nous irons plus loin dans la schematisation en ne considerant que 
quatre elements: Ie total des precipitations annuelles pour l'annee calendaire 1972, 
Ie volume de ruissellement des cours d'eau ou Ie debit moyen annuel pendant l'annee 
calendaire 1972 (ou l'annee hydrologique 1972-1973) pour certains grands cours d'eau, 
Ie debit maximal de'24 heures pour l'annee 1972 et Ie debit minimal pour la saison 
seche qui a suivi la crue de 1972. 

Pour l'annee 1973, nous avons considere en principe les m~mes elements sauf 
les valeurs minimales des debits qui ne sont pas encore toutes connues actuellement. 

L'etude de la repartition mensuelle des precipitations serait tout aussi im­
portante m~me au simple point de vue hydrologique, mais cette analyse nous entra!ne­
rait trop loin. 

Etude des precipitations annuelles 

Nous serons tres brefs sur ce point pour lequel un certain nombre de cartes 
synthetiques ont ete publiees (ASECNA, etude E.G. Davy). Etant donne la qualite ine­
gale des observations, on nla pris en consideration pour 1972 et 1973 qu'un petit 
nombre de stations pluviometriques bien connues pour Ie caractere seri~ux de leurs 
observations. 

En allant du nord au sud, en partant du centre du Sahara, et en considerant 
des bandes' paralleles a l'equoteur, on trouve d'abord la zone typiquement saharienne 
pour laquelle la hauteur des precipitations moyenne annuelle est inferieure a 100 mm. 
Pour cette zone ou il n'est pas rare que les precipitations annuelles soient nulles 
et ou la densite des stations pluviometriques est extremement faible, les donnees 
des stations ne sont pas dlun grand secours. on sait simplement de fa~on qualitative 
que les annees 1972 et 1973 ont ete tresseches. 

Plus au sud, la densite des stations est suffisante pour que lion puisse ar­
river a une impression generale. Depuis Ie Soudan jusqu'o l'Atlantique, l'anneel972 
a ete extr~mement seche sur 10 bande comprise entre les isohyetes 100 mm et 300 mm, 
limitee au sud par une ligne qui passe un peu au nord du fleuve Senegal, a l'ouest, 
et qui coupe Ie lac Tchad a l'est. Dans cette region, quelques donnees tendaient a 
prouver que tous les 30 ou 50 ans les precipitations annuelles descendaient jusqu'o 
des valeurs comprises entre 30 et 60 mm pour des moyennes de longue duree de 200 
a 500 mm. Ceci a ete largement confirme puisque, dans la zone e~ question, ont ete 
observees en 1972 un bon nombre de hauteurs annuelles comprises entre 45 et 80 mm 
(deficit de l'ordre de 75%). Pour de telles hauteurs les phenomenes de ruisselle­
ment deviennent tres rares et la culture du petit mil est en general impossible. 
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Au sud de cette zone, entre les isohy~tes annuelles 300 mm et 750 mm, llagri­
culture int~resse des surfaces beaucoup plus importantes et conna!t en'ann~e normale 
des conditions b~au~oup moins pr_cgi~es; 'le d~ficit en valeur relative pora!t net~ 

tement moins~lev~,mais les cons~quences pratiques ont 't~tout aussi graves; entre 
les isohy~tes 300 et 400 mm, Ie d~ficit varie gen~ralement de 60 a 50%; en fin plus 
au sud, il varie e.ntre 40 et 25%. La p~riode de retour varie entre dix et 50 ans 
pour 1972,alors qu'elle ~tait souvent comprise entre 50 et 100 ans dans 10 zone 
pr~cedente, toujour pour 1972. 

5i lion consid~re la bande comprise .entre les iyohy~tes 100 et 750 mm pour 
1971, les precipitations sont genera1ement plus elevees. Pour 1973, dans l'ensemble 
elles sont un peu plus fortes, mais certaines regions epargn~es en 1972 ne I'ont pas 
ete an 1973 et on retrouve pour cette derniere annee un nombre non n~gligeable de 
valevrs minimales absolue's correspondant a des periodes de retour de 50 ou 100 ans 
pour des postes qui, en 1972, Clvaient pr~sente des frequancas nettement plus elevees .. 
La repartition des precipitations mensuelies a par endroits ete plus 'favorable aux 
poturages qulen 1972. 

Pendant 10 periode seche 1941-1945, dont 10 severit~ a et~ un peu mains 
grave, Ie minimum avait et~ atteint pour les diverses stations pendant l'une des an­
nees de cette p'riode. Cette fois-ci, pour trouver Ie minimum, il fout considerer 
l'une des ces deux onneset parfois 1971. On peut proceder pour cette zone a una 
comparaison tresgrossiere avec 10 grande secheresse de 1907~19l4car il existe quel­
ques releves' pluviom~triques ossez anciens a 1lint~rieur du continent. L'ann~e 1913 
para!t avoir ete plus sac he que 1972 ou 1973, mais il ne semble pas quia cette ~po­
que l'ensembledes deux annees 19l3-l914ait ~t~'aussi deficitaire que I~ensemble 
des deux ann~es 1972-1973. 

Au-dela, ,10 periode 1890-1900. aste excedentaire et avant l890il n' exlstai t 
que quelques stgtions sur 10 c8te du Senegal. On trouve quelques indices d'une p~­
riode sache juste apres 1860. 

Au' sud de 1 '·isohyete 750 .mm·, 10' si tuationest beaucoup plus confuse en 1972 
comme en 1973; ontrouve tres souventune situ6tion deficitaire mais avec d~s fr~­
quences, tr~s "variables.. La periode de retour varie souvent entre trois ans et 25 
ansavec 50 ans pour quelques· stations, ·mais d' assez vastes regions' presentent des 
situations voisines .de 10 moyenne :sud~est et sud de 10 Haute-Volta, par exemple,. 
en 1972. 

L'examen des relevesded~bits des grands cours d'eau qui drainent ces re­
gions permet d'arriver plus facilement b une vue d'ensemble de 10 s~cheresse en 
1972et 1973. 

CARACTERISTIQUES DES DEBITS DES GRANDS COURS O'EAU TROPICAUX O'AFRIQUEiN 1972 
ET 1973 

Une etude d'ensemble des cours d'eau originaires de 10 zone sah&lienne seroit 
particulierement intel"aSsents; malheureu·sement, il se trouve que seuls ceux du nord-· 
est de 10 Haute-Volta et ceux de 10 Republique du Niger ant fedt l'objet d'observa­
tions regulieres en 1972 et 1973 et une bonne partie d'entre eux sont situes dans 
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des zones relativement epargnees par la secheresse. Les deficits atteignent parfois 
50 ~ 75% pour Ie volume annuel mais 10 peri ode d~ retour e$t raiement superieure ~ 
dix ans. II n'en aurait pas ete de meme pour les cours d'eau de Mauritanie et peut­
etre du Tchad, en 1972, qui ont tres probablement presente des periodes de retour 
de 50 ans. 

La situation est ~res differente pour les grands fleuves situes plus au sud 
pour lesquels on dispose d'une documentation complete. Dans l'hemisphere Nord, ces 
grands cours d'eau sont,de l'~uest ~ l'est, Ie Senegal," Ie Niger, la Volta,la Benoue, 
la Sanega, la SQngha, Ie Chari, l'Oubangui etle Nil bleu. La,plypart d'entre eux ont 
ete l'objet de Monographies pour lesquelles une revalorisationcomplete des donnees 
anciennes a ete faite; les courbes de transformation hauteur/debit sont sOres et 
precises jusqu'au maximum de debits, quant aux vale~r& minimales, elles ont fait 
l'objet de jaugeages systematiques en 1972, 1973 et 1974. 

Le Senegal, Ie Niger, Ie Chari et Ie Nil, qui traversent OU rejoignent Ie 
Sahel, sont les plus interessants. 

La" secheresse de 1972 et de 1973 a sevi surtbus c"es bassins avec, pour les 
diverses caracteristiques, des periodes de" retour qui atteignent souvent 50 ou 
100 ans. 

Nous extrayons du tableau qui sera presente conjointement par"l'AISHetl'OMM 
les donnees relatives ~ trois stations concernant Ie Senegal, Ie Niger et Ie Chari. 

A titre de comparaison, nous y avons joint les donnees"d'une station carac­
teristique du nord-est du Bresil, Ie Rio Jagu~ribe, ~ Arneiroz, qui met bien en 
evidence des frequences comparables mais avec une irnlgularite interannuelle beau­
coup plus forte que pour les trois grands fleuves africains. 

Certaines valeurs des frequences sont faussees dans une certaine mesure par 
Ie choix de l'annee calendaire au lieu de l'annee hydrologique potir 10 determina­
tion des modules de 1972 et 1973. On veri fie bien ce que nous ont indique les 
donnees pluviometriques: les periodes de retour sont voisines de 50 a 100 ans. 

Suivant les bassins, l'annees 1973 est plus sec he ou mains que l'annee 1972. 
Notons que comme Ie Logone, dont Ie regime est assez comparable, Ie Haut-Niger a ete 
relativement favorise pour l'annee 1972. De fa~on generale, les debits maximaux ont 
ete moins affectes par la secheresse en 1973 que les debits moyens annuels. 

Nous presentons ci-apres les courbes de distribution des debits maximaux du 
Senegal ~ Bakel, des modules 6u debits moyerts annuels du Niger ~ Koulikoro, des de­
bits maximaux annuels du Chari a Ndjamena (Fort-Lamy) et des debits minimaux annuels. 

Pour ces grands fleuves, surtout pour Ie Chari, il y a une assez bonne corre­
lation lineaire entre les modules et les valeurs maximales des debits, de sorte que 
les courbes de distribution des modules et des valeurs maximales sont ~ peu pres 
les memes. 



TABLEAU I 

Stations 
Maximum 

Moyenne '1972 1973' Moyenne 
m31s - frequence fre_quence m3/s 

Senegal a 4 750 1 430 2 520 764 
Bakel 

. 
218 000 km2 (69 ans) 0,02 0,08 

Niger a 6 250 ' 3 680 4 140 1 540 
Kou1ikoro (67 ans) 0,02 0,05 120 000 km2 

Chari a 3500 1 430 2 13O, 1 280 
Ndjamena (37 ans)' 0,01 0,04 600 000 km2 

Rio Jaguoribe 210 :/F 0 3,5 
a Arneiroz 0,03 

Moyenne ,annue11e 
'1972 1973 

frequence frequence 

264 367 

0,01 0,05 

1 080 903 

0,10 0,02 

578 577 

'0,01-0,02 0,01-0,02 

° 0,03 

Moyenne 
m3/s 

2,3 

46,6 

163 

i 

Minimum 
1973 

fr~quence 

0,45 

0,02 - 0,05 

16 

0,01 

48 

0,01 

I 

I 
~ .... 
(::) 
to,;) 
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La distribution est presque gaussique pour Ie Niger a Koulikoro et Ie Senegal 
a Bakel, elle est legerement hypogaussique pour Ie Chari. C'est 10 l'effet des per­
tes dans les plaines d'inondation. La courbe du Jaguaribe est au contraire dissyme­
trique : hypergaussique comme il convient a la plupart des cours d'eau de regions 
semi-arides. 

On voit que, pou~ Ie Senegal, Ie maximum de 1972 est legerement inferieur a 
celui de 1913 et nettement inferieur a celui de 1973. L'annee 1944 est comprise 
entre 1973 et 1913. Pour Ie Niger a Koulikoro, l'annee 1913 est: la plus faible, 
1973 etant encadree par 1913 et 1914; 1972 est un peu plus forte. Les annees 1942 et 
1944 sont comprises entre 1973 et 1914. Le ressaut que lion voit dans Ie haut de 
la courbene correspond ni a une erreur de mesure ni a une erreur de dessin. L'echan­
tillon statistique est encore trop faible pour que la courbe de distribution soit 
bien lisse dans 10 partie haute. Pour Ie Chari a Fort-Lamy, on ne connatt pas 
Ie maximum de 1913, mais on a observe Ie niveau du lac Tchad et, d'apres celui-ci, 
on peut en deduire que Ie debit maximal de 1913 a ete voisin de celui de 1972. Celui­
ci est nettement inferieur au module de 1973, lequel est voisin de ceux de 1940 et 
1941. Pour Ie Rio Jaguaribe, on reI eve un module nul en 1915 et un autre en 1958 
(periode seche dans les regions equatoriales). L'annee 1942 est tres faible avec 
un module de 0,39 m3/s (frequence decennale). 

On voit que pour ces quatre stations l'une dea deux annees 1972 ou 1973 a 
une periode de retour tres voisine de celIe de 1913, l'une quelconque des annees 
comprises entre 1941 et 1945 vient dans presque tous les cas se placer un peu au­
dessus de l'annee la plus faible des deux (1972 ou 1973). 

Pour les valeurs minimales annuelles l'etude est plus difficile, les chro­
niques dont on dispose sont beaucoup moins longues et la valeur de ce minimum depend 
non seulement de l'importance de la crue precedente mais aussi de la plus ou moins 
grande precocite de la saison des pluies suivante. Les valeurs minimales de 1973 ont 
toutes chances d'etre plus faibles que celles de 1972. L'etude des basses eaux mon­
tre evidemment que, dans des cas pareils, les debits de toute la periode de basses 
eaux et par suite les debits moyens annuels d'une annee ne sont pas independants de 
ceux de l'annee precedente. Ceci tient a la necessite de recharger les nappes et 
les cuvettes de lits majeur~ tres vastes. 11 en est de mema, bien sQr, pour les an­
nees tres humides e 

L'hypothese de base des valeurs annuelles stotistiquement independantes n'est 
qu'une approximation, me me si on suppose les precipitations onnuelles independantes, 
et il y aurait beaucoup a dire sur ce dernier point. Ceci devrait faire reflechir 
tous ceux qui se lancent a corps perdu dans des raffinements subtils sur les valeurs 
extremes sans approfondir la nature physique des phenomenes. 

Sans vouloir aborder la question des cycles qui ne nous conduirait a rien 
de pratique, essayons de voir, d'apres Ie comportement du lac Tchad, quelle a ete 
la serie des eveAements sur une periode plus longue. Le lac Tchad est une cuvette 
fermee dont l'eau s'evapore a raison de 2,20 m par an. Lorsqu'elle est bien pleine, 
comme il y a une dizaine d'annees, sa superficie etait voisine de 22 000 km2, mais 
Ie lac a ete completement asseche au cours de la periode des 50 000 dernieres annees 
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(son fonde~t constitu~ par des dunes pas tr~$ anciennes); il a egalement deborde 
tr~s au-del~ des 22 000 km2 puisqu'il allait jusqu'aux pays bas du Tchad, il y a 
3 000 ans. 

La figure suivante presente Ie lac en ann~e d'abondance mediocre avec ses 
eaux libres, les zones d'ilots-bancs, dunes emergeant ou arrivant a une tr~s faible 
profondeur et recouvertes. de vegetation: papyrus ou typhas, surtout ~ l'ouest. Le 
lac est separe en deux par un seuil : la grande barri~re, submergee tr~s nettement 
en periode d'abondance et alors elle est debarrassee en grande partie de 1a vegeta­
tion aquatique,et qui emerge presque en totolite en periodes s~ches, elle est alors 
couverte de vegetation ~ travers laquelle l'eau filtre non sans difficulte. La grande 
barri~re separe Ie lac en deux parties, la Cuvette Nord et la Cuvette Sud, l'alimen­
tat ion se faisant par Ie sud; 1a Cuvette Nord arrive ~ s'assecher bien qu'etant la 
plus profonde. 

La figure suivante montre Ie lac Tchad ~ son niveau maximal ~lafin de 1973-
debut de 1974. Une grand partie du lac est couverte par la vegetation, Ie volume 
traversant la grande barri~re a ete insignifiant, de sorte que la Cuvette Nord va 
pratique.ment s' assecher en 1974" comme en 1907-1908. 

Legeneral Jilho, qui est ~rrive au debut du si~cle au Tchad, a es~aye, 

d'apr~s des temoignages recueillis a cette epoque, de reconstituer quolitativement 
les variations du niveau du lac Tchad, tout au moIns les periodes s~ches et humides. 

La periode tr~s humide de 1870 a 1890 est assez bien connue; on la retrouve 
un peu partout de fagon assez sOre, surtout sur Ie Nil. La periode 1855-1860 a 
peut-Itre ete beaucoup plus s~cheque ne l'indique Ie general Tilho, les autres pe­
riodes s~ches indiquees sur cette image montrent simp1ement qu'~ intervalles plus au 
moins reguliers on retrouve des secheresses tell~sque celles de 1913 et 1972-1973, 
ou peut-Itre pires. 

Voil~ ce que peuvent indiquer lesdonnees ,hydrologiques; quelq~e effort 
que l~on fasse, lesechantillons statistiques semblent insuffisants ·0 e~x seuls pour 
permettre une etude serieuse des phenom~nes de persistance ou des pseudo-cyclese 
L'observation tr~s approfondie des d~bits est indispensable, certes, mais 10 solution 
du probl~me est dans l'etude approfondiedes caracteres particuliers des mouvements 
des masses d'~ir dans des periodes de ce genre, et peut-Itre aussi dans les varia­
tions des elements du bilan hyd,rologique, ces recherches etant conduites ~ l'echelle 
mondiale. 
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LE GHA~I AtrDJAMENA(FORT-LAMY) EN 1972 ET 1973 
1961-62 
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LE LAC TCHAD ALA COTE 281,50 

(minimun en periode de· ptuvios·ite. moyenne) 
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lE LAC TCHAD FIN 1973 _ DEBUT 1974 

(niveau maximum 1973-1974 ) . 
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RIO JAGUARIBE a ARNEIROZ 

( BRESil ) 

60 Distribution statistique des modules 
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