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Rainfall Probability and Tailoring Agriculture to Match it
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Variations in the timing and amount of precipitation are generally the
key factors i i in semi-arid
tropics. Methods for of ranfall in relevant’
terms could assist in agricultural development planning and transfer of
technology. Several methods have been discussed and the utlity of using
rainfall probability estimates in relation to potential evapotranspiration is

i An i fication of semi-arid diy farming tracts
of India using the moisture availability index has been presented. The use
of water balance approach a providiag reliable estimates of probabilitics
of water deficits by accounting for soil-moisture variatons occurring at
different phenological stages of crops over the growing scason is illustrat-
ed with suitable examples.
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Iatroduction

Plant growth in the tropics is influenced by a variety of physical factors including
temperature, radiation, wind and humidity, In many cases, however, the intensity
and duration of rains in relation to the soil and crop characteristics at a given
location determine the success or failure of agriculture. Since the annuai rainfail in
the semi-arid tropics comes in a short period of 3-4 months during the year and
since soil moisture storage is limited, the crops are under continuous stress in the
dry season following the rainy season and intermittantly during the rainless
periods even in the rainy season. Also the uniformly high temperatures and the
relatively high evaporation during the rainy season place the crops under a high
demand for water. Efforts have therefore been made to evaluate and screen
“ i relevant” h ies for ifying rainfall distributi
(timing, amount and duration) over the crop growing season.

Q of Moisture Ad

General average monthly, seasonal and annual rainfall based on long term weather
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records arc used for assessing the precipitation characternsiies and lensti of the
humid season.

Methodologies suzgested by several workers (Thornthwaite 194+, Tioll 19
and Cocheme & Franquin 1976) that imvolve compari,ons betwezn o
and cvapotranspiration

age Luaalt
an be uwed to arive at conclusions regarding moture
availabihty 1o crops. Thornthwate (194%) placed emphans on the dimatic faston
that aflect plant growth through the growing sex.on. Moiture index relate.
avalable ramfali to potential evapotranspiration. By wsumangy o fewel of oils
monture storage, this method makes 11 possible to trace the avaniability of water
for plant, trom month to month. The appiication of Thornthwaite's approach Ly
the tropres offers some difficulties. The esumates of poetenual evapetran,pira
were developed from the reiationship between temperature and watsr o5
monst, vegetatve suriaces i the USAL In the tropics where the trequen.
seasons 15 more, ‘Thornthwaite’™s estmates of potential evapotriipiriio
found to underestimate water losses. Also maximum sl moisture stoig
vary among the tropical soils; often the values exceed the threshoi
100 mm assumed for the Thornthwaite's method.

Troll 119631 detined humid montiis as those n wineh v
potential evapotianspiration and delineated the tropics into ditfferent chimates based
on the length of the humud months. Virmany et al. (1978) showed that Trells
metkodology adopted as per his procedure does not provide an sarenemicals
relevant description of the semi-arid tropics and needs suitab.e nootianons

Bised on the rauos of precipitauon to potential evapot s Co
and Franquin (19 detined the water availabibty perios o the vrop grow
season. Apart from the ranfall, the avaijable water 10 the rout zone e, sum of
rainfall and soil monture storage) was also compared with PE for different ranges
of rwinfall, Pk raties and crop water availabibity caiendars were prepared ror the
seeding. eimergence, with and maturation stages.

In all the above methods the problems associated with largeinterannual vanabi-
ity have been recognied. World meteorological orzaniation it 1971 published
frequency groups of raintall based on 1931 —1960 ramrall data.

Hargreaves (1971) developed a “moisture avatiabiny index™ (MALD which 15 a
measure of the adequacy of precipitation in suppiying crop water needs. MAlsa
ratio of PD/PE where PE is the potential evapotransprration. This approach
involves the computation of dependable preaipitation (PD) which requires caleula-
non of specified probabiities. For most cases, e denned PD at the 757, probahi-
Ity level of the evpected ramfail, Hargreaves hivpothesised that semi-and areas
are regons suitable tor the producton of crops requinng a 3- o 4-month
pentod.

ean ramiah sweeed

towing

Use of monthly averages to describe seasonal rainfall regimes 1s often not
sufficiently accurate; at certin times 1 the crop growing season, the presence or
absence of water is not entical, and indications of varability over shorter tme
petiods are of great importance. Many agricultural operanons revolve around the
probability of receiving a suitable amount of rawfall. Farm scale operatonal
planmng often requires decision-making with respect to resources, manpower
peeds, avaiable work  davs, cropping schemes and several other factors. A
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comprchensive idea regarding the probability of rainfall is essential in view of the
economic implications of certain weather sensitive operations.

Robertson (1976) used dry and wet «pells analysis by Markov Chain method
for defining the rainfall distribution in the monsoonal Malaysian tropical areas.
The India Meteorological Department has conducted extensive studies on the
statistics of the rainfall distribution in the Indian sub-continent. It has been
observed that incomplete gamma distribution fits the short-term rainfall obsersed
in India (Mouley & Crutcher 1968). Sarker ct al. (1978) carnad out analysis for 87
dry farming locations to evaluate the expected amount of rainfall on weekly busis
at several levels of probability.

Virmani ct al. (1978) have used a combination approach by using the moisture
availability concept of Hargreaves (1975) and the Markov chain probability concept
of Robertson (1976). An analysis of weekly rainfall probabilities for H:derabad
region is shown as an example in figure 1. It is evidunt that Hyderabad has a fairly
dependable commencement of rainy cropping season around week No. 25. [hiy
situation is amenable to dry seeding in the Vertisols 1a this region. It s ako
apparent from this analysis that mid scason breaks in the continuity of the rainfall
are likely to occur in 4 to 6 years of a 10-vear period, on an average. Obviously
one would not select a crop cultivar that would be in un active phase of development
during this period. Either a sole short-duration crop (which completes most of
its life cycle prior to the break in the rainfall) or a long-duration base crop with
a short duration intercrop would be best suited for the Hyderabad environment
under dryland i Depending on the soil condit . one could select even
determinate or drought-sensitive vrops. The wet/wet probabilities of rainfall shaw
that in about 4 out of 10 vears, rainfall hus a tendency t- .ontinue after the
normal date of recession. Crops that are sensitive to abersavon in weather at
maturity should not be selected, particularly in the Vertisols.

It is evident that the analytical approach used above has the advantage of deter-
mining the relative moisture adequacies in the rainy and rainless periads. 1t could
also be used for comparison of differcnt locations in terms of dependability of
rainfall; such a quantification of the moisture environment based on short-term
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Figure ! Probabihuies of Rainfall (R;PE >0.33) at Hyderabad (1901-1970 data)
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periods can be particularly effective in explaining differences in agricultural climate
and crop yield potentialities. It could assist in identifying isoclimes and for the
transfer to different climates of farming systems technology (Viemani 1980)

Classification of Dry Farming Tracts of India

Sarker and Biswas (1980) have carricd out a detailed agroclimatic classification of
the dry farming tracts of India using the MAI concept developed by Hargreaves
(1975). They have defined an ‘optimum moisture availability index’ (OMAI) which
1 the ratio of aswred rainfall at the $0% probability level to the potential
cvapotranspiration of the same period. It was found that for the purpose of
classification, use of weekly MAT at the 50%, probability level is equivalent to using
hiweckly MAT at 60”), probability, both in duration and in accumulated rantall
during the period when MAT is mote than 0.3. Using the computed OMAI values
for weekly periods between 4 June-21 October, dry farming tracts of India have
been classified into 4 zones to churacterise the relative crop potentialities of each
zong (figure 2).

Use of Water Balance Approach

The rainfall probabilities give only an idex of the environmental moisture adequacy
for crop growth and could be used as a basis for a comparative study of the agri-
cultural potentialities of locations with similac sorls. However, soils of the semi-arid
tropics show a great diversity in texture, structure. type of clay, orzanic matter
content and depth. Also it should be remembered that among oticr things, the
precipitation actually entering the soil depends upon the type. surlace conditions,
and moisture status of the soil. Holmes (1961) showed that ia the case of sandy
soils, the low moisture holding capacity and the low collaid content permit a rapid
removal of much of the soil moisture. The depletion rate remains at a high level
almost to the wilting point. For a heavy clay soil on the other hand, the moisture
cannot be removed rapidly.

It is possible to calculate the water balance for a given region for any given
crop from actual rainfall, evapotranspiration, and soil moisture characteristics over
a series of years. This approach provides a reliable estimate of probabilities of
water deficits by accounting for soil moisture variations occurring at ditferent
phenological stages of crops over the growing season. The use of computers for
fast and accurate calculation of water balance using various simulation models has
made this task relatively easy. Water balance results find useful application in the
determination of the length of the growing season and the optimum sowing date;
maximum water availability can be matched for optimal use of available resources.
A primary advantage of such an analytical techaique is not only that it allows a.
critical evaluation of the present cropping patterns and projections for new
introductions, but also that it would substantially reduce the time and effort
required for the selection of suitable varieties and cropping patterns through.
a process of climination.

i et al. (1980) quantified the risk to reliability of rainy and post-rainy
eason cropping for three typical locations situated in somewhat similar soil-
ecological zone of semi-arid India using water balance approaches,
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Figure 2 [ndia, agro imate classification wn s tract of Indiay
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The results (tabie 1) show that the total probability of @ 90-day ramy season

crop 1Col. 4) encountering good growth conditions throughout the crop season
varies widely at the three selected locations. At Sholapur, this 15" the case only 1
roughly one-third of the years. For simias Vertsols in Hyderabad and for medium
deep Vertisols in a slightly higher ramnfall zone represented by Akola, this 15 the case
m two-thirds of the vears. The most serious set back in Sholapur arises from
a much lower probability of successful and timely ‘crop emergence” (Col.-2) which
1s probable 1 only two-thirds of the vears. However, ail subsequent conditional
probabilities also show that the crop is at a higher nisk in Sholapur than in other two

areas every growth stage even after 1t has completed carlier growth successfully.
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Table V- Reluability of @ 9 day 1 v seavon erop on Vertiofs of three arvas*
FProbabilicy wxpressea ' vears, Glfis Hinswanger et al. 193

Lo-al il I'muul Protability Pra )/mmlm Prohability  Probabiic v of wdequate ol
rawfall af emercence of seeding  of pood moisture for postatn
mm before survival qrowing feason orh
Julv 1 condition, After rany ifter r,
throughout  seasen erop_season £
Stolapug -1
Verusoly 3 4 13 i) Xt
Hidzrabad =Devp
SR 761 HS 76 ol Kl )
Aol ~Madm
dep Vettiols 0 9> 80 6f NA NA

P Vet assuma

Nertnals at 120 min

Aol Not apphicable The water holding Sgiacits =~ far oo bow to me
sorghum water nees.

PNy sedsen

A 33", probability of a favourable soil moisture regime v (30 low a4 bass
for encouraging rainy season cropping on a normal annual duv-. The loss of seed
and cultvation expenses in some years and the Iow returs . o other sears shauld
almost certainly reduce average profits of any crop 1o zzro o

CSUIL I w0sses.

The probabilities of adequate soil moisture for a post-rainy season crop after
rainy season fallow (Col. 6) are about 80, at Sholapur, this level of probabihiry
exceeds that for good growth conditions for rainy season crop i Hyderabad or
Akola (Col. 4). However. it a rainy seuson crop is taken in Sholapur, the chances
of success of the post-rainy season crop on the residuai profile moisture are reduced
significantly (20%). Not only would consistant rainy season ctopping often be
unprofitable; it would aiso probably endanger the probability of success of the
more important and relatively stable post-rainy season crop.

Conclusions

‘The quantification of the ranfall through probabilizics and crop available water in
the soil over the growing period. when compared with the crop water needs, couid
vield useful informauon for evaluating the suitabiiity of crops in a given soil-
climate enviconment. The agroclimatic techmques give an integrated 1ndex of
ranfall, soil and ev. Since 1t g ies the crop-growing period
and 1ts characteristics in terms of wter stress or sufficiency periods, the selection
of me wmbmauons for any specttic location becomes feasible. It also permits
fe of icaliy similar isochmes, thus facilitating the transfer of
appropriate farming systems technology.
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