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Abstract

The objectives of the study were to exatine the variability of
teinfall end soil wmoisture availability of three diverse
locstions in dry tropics i.e. Hydersbad in India, Niemey in
Biger, and Llobatse in Botevana. The normsl ra‘afsll based on
rainfall data from 1941-70 vere 792 mm, 392 @ and 353 mm for
Bydersbad, Niamey and Lodatse respectively. The etnelticients of
veristion in rainfall were 31X for Lobatee ad 20X for both
Hydersbad and Niamey. Ve exmmined the wmean weekly reinfell
distribution and the probadbility of receiving a:lesst 10 == and
20 wm rainfall (which spproximately sstisfying 0,3) and 0.66 of
potential evaporative demand) in each veek for the velected three
locations. The probability exceeding 703 of recciving atleast 20
ms rainfall in each week occured only for twy weaks in Hyderabad,
for 6 weeks in RKiamey, and for nut & sidgle ‘veek in Lobatse.
Cumulstive probsbilities of available soil vatec (ABW) stored in
the profile at the end of rainy sesson ve-e alsv simulated.
Results shoved that at Hydersbad, after rsiny sorghwm, another
crop in the postrainy season can be raised in 70X of the years
under residual soil moisture conditions. For Niamey, and Lobatee
groving a crop in the postrainy season without irrigation
involves bigh risk. Cumulative probabilities of runoff were also
simulated for these locations sssuming s rsiny season sorghus.
In 701 of the years the simulated runoff was 12 sm, 75 wm, and
115 s respectively for Hyderabad, Nismey snd Lobatee.

*Submitted as Conference Paper Jo. by the Internstional Crops
Research Institute for the Sem~Arid Tropics (ICRIBAT, frr the Task Toxce
Mecting oo Assessment of Climste Impactn ov Agricu.tore, orgsnised by the
Internationsl lnstitute for Applied Systems Anslysis' (I1ASA) snd United
Natiors Eavironmentsl Program (UNEP), 1-5 April 1985, Laxirburg, Austeia,

tsprincipal Agroclimatologist and Agroclimstologist, Farming Systems
Research Program, ICRISAT, ICRISAT Pstsncheru P.0., Acdhrs Pradesh 502 324,
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Iatroduct ion

The semi-arid tropics (8AY) sre characterized by a sho:t and intense
tainy season followed by a relatively long dry season. Genoraliy the rainy
season lasts from two to about 4 wonths; the samount of rainfall received
ranges Dbdetween 400 to 1200 sm; the rainy season may have one peak when it
1s called as uvnimodal or two pesk periods of rainfall when it is called as
“imudal. In the semi-arid tropice areas lying between 5° to 11° latitude,
the rainy season is distinctly bimodsl, vhile in those located ahove 20° it
's generally unimodal. The areas lying between 12° and 39° "astitude show
some tendency towards bimodality. The SAT region is slso characturized by
sarm *hermal regimes throughout the year. The annual poteniial evasporastion
for wm:st of the SAT ranges betveen 1500 and 2500 w=m. Toe potential
“vapo'ation is quite intense in the hot dry season preccdiny the rainy
seasom. The U.8. class 'A' open pan evaporation rates dur-.ng tris period

range between 10 to |5 wm/day.

The SAT areas show considerable variability of rainfall from year to
year. In statisticsl term the coefficients of variation is generslly
observed to range between 20 snd 30 percent. The distribution of rainfall
during the rainy season is quite erratic. Therefore for developing
altercate crop production strategies, it is important to coniider the
rainfall distribution patters and its reliability. We, at ICRISAT, found
that the rainfall can be characterized, in agronomic terms, wmos: wusefully
by estimating the probabilities of rainfsll and soil water in a stochsstic

sI0cees.
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The wse of Markov chain procedures for estimsting initial end
conditional probadilities of rainfall (Robertson 1976, Virmeni et al.
1982) could be used eoffectively for defining the dcpendability of
precipitation dering the rainy sesson. The risks aseociated with the
survival of crops on receipt of eoving rains end the dependadility of
rainfall st critical stages of crop development could de sssessed through

such snalyses.

L]

Vater-balance studies are also very important for characterising the
varistions in availability of water for crop produrtion. A koowledge of
these values is important for evaluating risks to dcpendable crop
>roduction in dryland areas and for developing strategies L overcome them;
a0ovever, few empirical data sre available. The water-hoicirg capacity of
the s0il bas & considersble influence on the availsbility of soil moisture
during the groving season. Buch information based o water-balasnce
vesearch is useful to asgricultural ecientists .n devising cropping
strategies for optimizing crop production in different types of soils, for

evalusting risks, and for optimiziag iaputs.

The objectives of the study were to examine the varisdbility of
rainfall and néil moisture availability of three diverse locations in dry
tropics i.e. Hyderabad (17° 27' N Lat, 78° 28' £ Long) i: Indis, & site
chosen to represent Asian SAT environment, Niamey (13° 29' W Lat, 2° 10' E
.ong) in Miger in Western Africa, selected to represent the sub Sshelian
SAT envirorment in the Sudan bioclimatic region; .ud Lobatse (25° 13' 8
.at, 25° 14' E Long) in Botswana, & locati.. representing the Southern

african dry climatic  enviromment  (Figure 1). T.u fuliowing climatie



Page 4

charscteristics for these locations vere studied.

(s) annval rainfall variability

(b) annusl rcinfall probebility

(c) weekly rainfall distribution

(d) weedly rainfall probaebility

(e) soi! wace: st the end of rainy season

.

(f) runotf in the rainy season

Annual Rainfall Va.isbi‘ity

The annual rainfa.l var.ability for 1941-70 are shown in figures 2, 3, and
& for three locati ns i.e. Hydersbad, Niamey, and Lobatse. The normal
rainfall based on raiifull data from 1941-70 are 792 mm, 992 mm and 553 wm
for Hydersbad, I!im.ey and lobatse respectively. The coefficients of
variation in rsin‘all wre 311 for Lobatse and 202 for both Hyderabad and
Nismey. Figures 2 tc & also depict the ¢+ | standard deviation from the
normal rainfall. A normal rainfall year for & location was defined if the
sonual rainfall was within ¢+ | standard deviation of the normal rainfsll.
Figures 2-4 shov that atleast 701 of the years were normal in these three
locations. The number of years which received above normal rainfall sre 4
in Byderabad, 2 in Nismey, and § in Lobatse. 8imilarly the number of years
vhich received beiuv ncrmal rainfsall are 3 in Bydersbad, 4 in Niamey, and &
in Lobatse. The lovest rsinfall in Hyderabad was 437 mm in 1941, end the
highest rainfsll was 1192 sm in 1962. 1In Niamey, the lovest rainfsll vas
313 om in 1944 and the highest rainfall was 900 sm in 1952, 1In Lobatse,

the lowest rainfall wae 250 m2 in 1962 and the highest rainfall wvas 980 mm

in 1967,
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There were some extreme years which occurred outside the 30 year
period of 1941-70 selected for this ntudy. PFor example, in 1984 the totsl
saoual rainfall in Niamey vas oaly 260 mm. I Hyderabad the extremely poor
rainfall yesr wes 19)3 vhen 487 mm vas received. The annual rainfall for

Bydersbad io 1913 and 1916 were 1431 mm and 1425 mm respectively.

Yariability of Total Annusl Rainfa)l

The probability of occurrence of below nn:-nl. and sbove norsal rainfall
years is importsnt to develop alternscive cropping systems for any region.
In 702 of the years the rainfall rece.ved in Hyderabad, Niswmey, and Lobatse
vas 700 wm, 560 mm, and 450 mm respcctively (Pigure 5). This shows that
rain water availability is relstively less 1n lobatse followed by MNiamey,
and Byderabad. The UPFarming Systems Rosesrch at ICRISAT has amply
demonstrated that in Hyderabad region a doulile crop system (eg. Intercrop,
sequential, relay) is feasible if the water-holding capacity exceeds 150 mm
such that it could store sufficient available water at the end of rainy
season. This is important for postrainy season crop vhich is usually a

rain free period.

The determination of probability of annual rainfall csn be useful in
many other ways. For example, it is seen from figure 5 that the
probability of receiving 800 mm rainfall was 501 in Hyderabsd, 4% in
Niamey, and 102 in Lobatse. This shows that again for Hyderabsd region
high valued crops having more wster requiresents could be grown in 302 of
the years. But in Niamey and Lobatse. the risk of growing such crops

without irrigation is very high.



Page &

Weekly Rainfall Distridutioa

It is well known that the information on annual rainfall can often be
sisleading for developing cropping systens. Thus we further examined the
mean veekly rainfall distribution asd the probability of receiving atleast
10 wm and 20 mm rveinfall (vhich spproximately satisfying 0.33 or 0.66 of
potential evaporstive demand) in each week for the selected three locations

(Figures 6, 7, and 8).

The period receiving more than 20 mm weekly mean rainfall extends from
25th week (18 June) to 42nd week (21 Octooer) »xcept the two veek periods
of AOth and &lst veek in Hyderabad. The pcciods receiving more than 20 mm
veekly mean rainfall extends from 24th week (11 June) to 37th week (16
September) except for 20th week (25 June - 1 ily) in Niamey. The rainy
season in Lobatse starts from mid Octouver ari continues upto mid March.
There are only 9 weeks vhich receive more thau 2J mm rainfall but these are

not consecutive weeks.

The probability exceeding 701 of receiving atleast 20 sm rainfall in
esch week occurs only for tvo weeks in Hyderabad (26th and 38th weeks i.e.
25 June - 1 July, 17-23 September) and for s 8 week period in Niamey (29th
to 36th week i.e; 11 July to 9 September). The probability of receiving
atleast 10 mm rainfall exceeding 702 in each week extends from 26th week
(25 June) to 38th week (23 September) except for 33, 34 and 36th week in
Hyderabad. In Nismey the probability of receiving stleast 10 =m rainfall
exceeding 702 in each week extends from 2.’h week (2 July) to 37th week (16
September). In Lobatse, there war o single weel which received stleast 10

ex rainfall in 702 of tre years.
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Soil Water

Cumulative probabilities of available soil water (ASW) stored in the
profile ot the end of rainy sesson were also simulated using the Ritchie
(1972) soil vater model. The data base was 1941-70., 8oil water was
simulated asssuming rainy season sorghum (Figure 9). The available soil
water-holding capacity vas sssumed 150 mm for Hydersbad, and 50 sm for both
Niamey and Lobstse. In 70X of the years, the simulated ASW vas |00 mm, §

sm and 18 sm respectively for Hyderabad, linniy and Lobatse.

Results show that at Hyderabad, after rain~ rorghum, saother crop in
the postrainy season can be raised in 702 of the yesrs under residual soil
soisture conditions. Using the crop simulaiion models, Huda and Virmani
(1985) discussed in these proceedings the probability of simulated crop
yields at some icloctcd locations in India snd Figer. JYor Nismey, and
Lobstse growing a crop in the postrainy sesson wicthout irrigation involves
s high risk. The reasons are not only the unt snd distribution of
rainfall, but the poor water holding capacity of soils. In the rainy
season, much of rainfall vater goes s»s runoff and conservation of such
vater could be used for supplemental irrigations either during the
intermittant drought in the rainy season or for a postrsiny season crop.
Thus a quantification of the probability of runoff water is useful for

developing watershed based cropping strategies.

Runof £

Cumulative probsbilities of rusoff were alsc simulated for these locations
sssuming a rainy season sorghum (Figure 10). Dats base used was 1941-70,
Daily available soil water was first simulatel using Ritchie (1972) lnthod;a

Daily runoff was simulated when the rainfall became excess to the capacity
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of the profile. Accumulated runoff was simulated st the end of each rainy
season. Figure 10 shows that in 708 of the years the simulated runoff was
120 mn, 75 wm, and 115 wm respectively for Hyderabad, Nissey and Lobatse.
Figure 1! shows t(he sessonal variability of runoff for Ryderabad from

1941-70 sssuming buth rainy season sorghum and rainy season fallow.

Conclusions

The dry trop..s are noted for their varisble raeinfall and high
evaporation. The getrralized agroclimatic analyses based on monthly mean
rainfall provide inauff:cient agroclimatic divisions within the ecological
region for planning s.rategies to increase and stabilise crop production.
Probability estimutes o: weekly rainfall, soil water at critical growth
stages, and searonul runoff are much more sensitive parameters. A
knowledge of thes . valuua is important for evaluating risks to dependable
crop production in dryland areas and for developing strategies to overcome

them.
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