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ABSTRACT. To plan cropping pattern and to bring out agricultural potential of a region, it is essential that
the agroclimatic classification is made on an objective and rational basis. Such an attempt has been made in this
paper by devising an index called Water Availability Index (WAI). This index takes into account the distribution
of the minimum water required by the crop. It utilises the most probable number of the wet weeks for three
threshold values of weekly rainfall and probability of dry spells of more than three weeks. The methodology
developed is applied to dry farming tracts of Karnataka State.  Using these information alongwith the information
of the soil types and water requirement of different crops, cropping pattern can be assessed in cach agroclimatic,
zone, so that optimum use of the available moisture is made in stabilising the crop production in the State.

Key words — Water Availability Index, Initial and conditional probability, Dry & wet weeks, Dry farming tracts.

1. Introduction Troll (1965) derived a classification based on humid

To meet the growing demands of increasing popula-
tion we have to increase food production from the
limited arable land. During the last two decades
modern technology involving the use of hybrid varieties,
application of fertilizers and pesticides and irrigation
has boosted up agricultural production. But under
rainfed farming these techniques fail especially unde:
drought or prolonged break monsoon conditions.

Therefore, to raise food production to an optimum
level, long term planning for suitable cropping pattern
on the basis of agroclimatic resources and constraints
become necessary, particularly for dryland agriculture.
Agroclimatic classification on a rational and scientific
basis appears to be the only answer.

Most of the earlier classifications (Koppen 1936,
M:zher Homji 1964, Champion and Seth 1968, etc)
uscd vegetation as an index ol climate. In these methods
a climatic region was recognised thiough the predomi-
nant grouping of plants growing on the earth’s surface.
Later, a group of climatologists tried to develop climatic/
agroclimatic classification with a view to using them for
maximising crop production (Thornthwaite 1948, Troll
1965, Miller 1971 etc).

and arid months using a'probabilistic rainfall on monthly
basis. Hargreaves (1974) devised the Moisture Availa-
bility Index (MAIl) and subsequently Sarker and Biswas
(1986) modified this method by (i) calculating MALI
on weekly basis and (i) introducing two risk levels.
Khambete (1985) used the same method to classify
dry farming tract of Karnataka. Classification made
on the basis of 50%, probability level was further sub-
divided depending upon the length of the water stress
period. In this method constraint was put on the
duration of the growing period and hence on the classi-
fication. With an aim to remove this constraint an
attempt has been made in this paper to use conditional
probabilities.

At present, agroclimatic zones are identified on the
basis of annual isohyets and soil types. ~But for agri-
cultural purpose indices based on weekly values that
too of rainfall which is the most important limiting
factor in tropical countries should be adopted. - WAT
so developed would, therefore, be the most appropriate
one.

2. Data

Rainfall data of 101 stations for the pariod from 190!
o 1970 has been used in this study. Khambete; and
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TABLE 1

x* Test of goodness of fit for the length of wet spells

(14-48 weeks)

<, Threshold
Station 10.0 mm 15.0 mm 25.0 mm
. A — — - N B = —— —y
Py x® d.f. Py x* d.f. Piy x? d.f.
Dharwar 0.6353 .95 7 05250 225 s 04394 175 4
Hassan 0.6290 0.32 7 0. 5066 2.67 5 0.4276 0.90 4
Chitradurga 0. 5067 1.56 5 1.3697 0.07 3 (. 2889 - 0.49 2
Muddebihal 0.4926 3.07 5 0.406} 0.83 3 00,3340 1.29 2
Mysore ).5548 0.79 6 0.4313 5.18 4 0. 3600 0.39 3
TABLE 2
Average number of wet weeks period 14-48 weeks threshold
Biss 10.0 mm 18.0 mm 25.0 mm
ation i e L — et
0 M Md 0 M Md ‘0 M Md
Dharwar 1853 18.53 19 1429 1429 14 136 1131
Hassan 19.45 19.45 20 14.57 14.55 15 11.37 11.36. 11
Chitradurga 14.81 14.81 15 10.40: 10 4] 11 7.76 7.70 8
Muddebihal 12.84 12.83 12 9.16 9.16 9 7.01 7.02 7
Mysore 17.72 by e 54 I8 12.67 12.67 13 9.85 9.85 10

0O — Observed value,M Expected value, Md -
Kanade (1985) observed that the rainy period of Karna-
taka extends from April to November. Hence the study
pertains to 14th to 48th standard weeks (i.e., 2 April-2
December) when more than 957, of the annual rainfall
ocurs in the State.

1, Methods of analysis

In this study a week is defined as “Wet™ week when the
rainfall during the week is equal to or greater than a
threshold value, A wzek which is not wet is considered as
“Dry™.

A wet spell is defined as a continuous sequence of wet
weeks bounded by dry weeks or either side.

For deciding the threshold value water requirement
of the crop has to be considered. Potential evapo-
transpiration (PET) may be taken as a measure of maxi-
mum water requirement during most phascs of the

crops. In the normal course only 509, of weekly PET
would have been taken as the threshold value. But
it has been shown (Riplay 1966, Virmani ¢r al. 1978.

Venkataraman et al. 1976, Biswas & Suarker 1978 cte)
thit the crop groewth is normal if it gets moisture varying
from 0.3 to 0.7 of PET from germination to grain
formation stage. Therefore three different threshold
values are assumed here, viz., 30, 50 and 70", of weckly
PET. It has been observed (Khambete 1985) that the
three threshold values in Karnataka are generally equi-
alent to 10,0 mm, 18.0 mm and 25.0 mm of weekly
rainfall,

3.0 Application of Markov Chain of order ope

Several authors (Ramabhadran 1954, Neumann 1955
etc) have fournd dry and wet spells to have geometric

No. of weeks observed having highest frequency of occurrence.

or related distributions. These distributions  generally
follow Markov Chain Model (Gabriel and Neumann
1962).  Order one of this model has been applied to
compute wet and dry sequence i this study.

3.1, Application to the wet sequences

It has been demonstrated (Khambete 1985) that
Markov Chain of order two cannot be applied to the
weekly rainfall in the dry farming tract. Hence, Markov
Chain Model of order one has been applied to the
sequences of wet weeks.

Once a wet spell (X)) starts, the probability that it
will last for K weeks is given by :

K1
PiXs: =iy =11 —Ps) Pag s K= 4520 4 500 o
where, P., is the conditional probability of a wet week
given that previous week is wet.  Egn. (1) follows
gcometric distribution with mean y, and variance V',
where,

‘X\ - - J = ng): (2)

F o= Pasf (1
| Py ind V¥, —= Pasf (

The value of P, alorgwith x* values for three thresholds
and for some selected stations are given in Table 1.
It is seen that the x* values are not significant for any
of the stations. Hence, a Markov Chain Model of
order one can be fitted to the wet spells in the dry far-
ming tract of Karnataka.




TABLE 3

y® test of goodness of fit for dry spells
Period : 23-25th week
threshold 10.0 mm

Station Py ¥ d.f.
Dharwar 0.6190 1.65 2
Hassan 0.5123 0.56 3
Chitradurga 0.4637 6.85 4
Muddebihal 0.3826 1.47 5
Mysore 0.4799 1.82 4

3.1.1(a). Most probable number of wet weeks

These are the wet wecks with highest probability of
occurrence. When the distribution of wet weeks (X))
is normal the most probable number of wet weeks can
be computed from normal distribution. The most
probable number of wet weeks are the same as the
expected number of wet weeks for all the three gthre-
sholds.

3.1.1(b). Expected number of wet weeks

The distribution of total number of wet weck;; (X))
in a n week period tends to normality when n_is large.
The expected number of wet weeks is then given by :

n. Py

Exw =7=p, 4P, 3)
and the variance is given by :
. Po ‘—Po f —'—P.wn”‘Pq
Vig,y= <= 12 (1—P1g) (1-+-Poy—Py) (4)

C(1=Py - Pyy)

where, Py, is the conditional probability of wet week
given that previous week is dry. In this paper the
expected number of wet weeks during 14-48 (2 Apr-2
Dec) weeks has been computed and compared with the
average number of wet weeks observed during this
period. For a few representative locations it is presen-
ted in Table 2. It is clear that Markov Chain Model
gives very good estimates of the average number of wet
weeks for all the threshold values.

3.1.2. Application to the dry sequences

Let X, denote the sequence of dry weeks. Assuming
that, once a dry spell commences, the probability that
it will last exactly m weeks is given by

PX,=m)= P (1—Pp)"—,m=12...... (5

P(X ) also follows a geometric distribution,

where mean length of dry sequences (X,) is given
by : '
Xq= 1/Py (6)
and the variance F'(X;) is given by
N l'Plf?-,
VXD = —p g

the probability that a dry spell will last more than
consecutive m weeks is :

P(Xy>m) = (l"“Pla)"‘ (8)

AGROCLIMATIC CLASSIFICATION OF KARNATAKA

TABLE 4

Agroclimatic classification by water availability index

Most probable number of wet weeks

Classification r v
Wi W Wa;
D [=10 =6 >4
E =12 =8 =6
F =14 =10 =8
G =17 >13 =10

Sarker and Biswas (1986) have shown that if the
rainfall is atleast 0.3 of weekly PET crop does not wilt.
As mentioned earlier this is equivalent to 10.0 mm rain-
fall. As such dry spells have been studied only for 10.0
mm threshold rainfall. The probability (P,,) has been
computed for the period 23-35 standard weeks (4 Jun-
2 Sep) which correspond to active rainfall period in the
state. For selected stations this is shown in Table 3
alongwith y* values. No value is significant at 59
level. It is evident that Markov Chain Model of order
one can be applied to the dry spells also.

3.2. Agroclimatic classification and water availabiliry

index

In this study an index based on number of wet weeks
with highest probability termed as Water Availability
Index (WAT} is used.

For defining the Water Availability Index say for
10.0 mm threshold, the most probable number of wet
weeks for 10.0 mm threshold is computed, and desig-
nated as Wy, . The Water Availability Index for 18.0
mm and 25.0 mm threshold are similarly designated
as Wiz and Wy In the normal distribution, most
probable values and expected values are the same.
As such these values are computed using Eqn. (3) above.
The values are the same as those at 50% probability
level,

As it is seen earlier, crop requires for its normal
growth, moisture equivalent to 0.3 PET to 0.7 PET.
Therefore, all the three WAI values are used in the
classification. To define different zones, suitable
combination of three thresholds a given in Table 4
has been used.

3.3.1. Probability of dry spell

In any rainy spell the number of wet weeks are often
alternated by dry weeks. If the dry period extends to
more than three weeks it hampers crop growth. There-
fore, above classes are sub-divided according to the
probability of occurrence of dry period of more than
three weeks.

Kharif season corresponding to the period 23rd to 35th
standard weeks (4 Jun to 2 Sep) is the active monsoon
period of the State. The probability of dry spells is
computed only for this pericd and used in the classifi-
cation, '
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Fig. 1. Agroclimatic classification by Water Availability Index (WAI)
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Figs. 2(a-b). Initial (P,) and conditional probability (P, P, (a) Challakere and (b) Bijapur

In the analysis, no situation is observed in which the
probability of continuous dry sp:lls of more than 3
weeks during 23-35th week (4 Jun-2 Sep) period
exceed 507, Criteria adopted for the purpose of sub-
classification on the basis of dry spells is given below.

Suffix ‘O” is used to the letter of main classification, if
(1—Py,)3 is less than 10 per cent. Suffices 1 10 4 are
used when (1—Py,)* is 10-20, 20-30, 30-40 and 40-50°,
respectively. For purpose of delineating the agro-
climatic zones the category to which each station be-
longs, viz., D, E, F and G are plotted alongwith the
sub-class to which cach station belongs on the basis
of the analysis of dry sequences. :

4. Results and discussion

When the WAI are computed for the three ca‘egories,
in none of the locations Wy, =20, Wys>17.and W5 >
13 are observed. This is not surprising. Any area
satisfying criteria greater than that categorised by G
would have atleast 4} months with rainfall satisfying
0.3 PET, 4 months with 0.5 PET and minimum of 3
months with 0.7 PET.  In such an area, crop requiring
continuous moist situation like paddy can bg grown
under natural conditions. We know in dry farming
tract, paddy cannot’ be raised unless sufficient supple-
mentary irrigation facilities are available. Thus, it
appears that the classification made on the basis of WA]

is more realistic. The different zones and sub-zones are
illustrated in Fig. 1,

Fig. 2 gives the initial (P,) and conditional probabili-
ties of wet preceded by wet (Pj.) and wet preceded by
dry (P,s) weeks for all the thresholds for one represen-
tative station in each zone.

This rainfall probability pattern gives an idea of
rainfall availability period and its likelihood of continua-
tion week by week over the annual march of time.

The growing periods ef crops depend not only on the
rainfall amount and distribution but also on the type of
soils which holds and supply water to the crops. There-
fore, with all the above information and that on the
soil type, an agronomist can evolve a suitable cropping
pattern for the zone. Therefore, broad soil zones are
also shown in Fig. 1.

Some salient features ot each zone are stated below :

-(a) Zone D

Challakere (Fig. 2a) represents zone D,. This is an
area of lowest rainfall in the whole of the dry farming
tract of Karnataka. Probability of getting sowing
rains (P,) during July ((27-31 weeks) and Augusi (32-
35 weeks) is quite low for threshold 25 mm. As such,
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Kharif crop of 75 day’s duration is possiblz only once
in three years in deep black soil.  Since the sowing
rains are not dcpendable during the kharif season. the
farmers may either adjust cropping pattern and agro-
nomic practices taking into account the time of receipt
of sowing rains or to be on thz safer side, opt for a
rabi crop since dependability of ramfall in 36-43rd
week is high.

(b) Zone E

Bijapur (Fig. 2b) represznts  zone E,. Initial pro-
bability for highzr amount of rainfall is morc than
50°, during 38-40 wecks (17 Sep-4 Oct). This is the

assured rainfall period which should coincide with the
active growth period of thz crop. Moreover. in 50th
and 52nd week conditional probability P, is high,

therefore, the crop should bz planned in such a way that
the flowering period fall in 30-52nd wezk.

(¢) Zone F

Mysore (Fig. 2¢) represents zone F. 1t is sub-classificd
as F, as the probability of continuous dry weeks more
than three is 10-20 . At this place conditional pro-
bability is higher during 16-20 weeks (16 Apr-20 May)
and 30-46th  weeks (25 Jul-18 Nov). This period
may be chosen as crop growing period.

(d) Zone G

Hassan (Fig. 2d) represents zone G. It is sub-classified
as G, as the continuous dry spell of more than 3 wecks
is 10-20°,. Except 32nd (6-12 Aug) and 36th week
(3-9 Sep) conditional probability is always higher than
initial probability. So. wzzks 20-44 (14 May-4 Nov)
may be the crop growing pzriod of this place.

4.1, Mdentification of drought prone arcas

Various meathods have been suggested in meteor-
ologicul literature to identify drought pronz arcas
(Subramanyan and Subramaniam 1964, Kotzswaram
1972, George and Kalyansundaram 1969, ctc). WAL
approach also furnished sufficient information foi
identification of such arzas. Since prolonged dry spells
hamper crop growth the pobability of such helps us in
identifying drought prone arcas (Fig. 3).

For Karnataka drought pronc arcas are id:ntified as
follows :
(/) When the total wet period (more than 0.3 PE)
is of 12 1o 14 weeks (or less) which is hampered
by dry spells of more than 3 weeks in 207,
of the years.
(if) When the wet period is of 14 to 17 weeks which
is hampered by dry spells of more than 3
weeks in more than 30°, of the years.

Among the drought prone arcas identifiad in this
study the agroclimatic zonz D stands out prominently.
This is mainly confined to parts of Chitradurga district.
Low quantum of rainfall coupled with frequent dry
spells render agriculture to gamble in this area. The
zone D. constitute the core of the drought prone area
in Karnataka State.

Other climatic type which can also be classified as
drought prone is E.  Dry spells exceeding three weeks
in the active monsoon period are more than 20°,.
Raising a crop in zone E remains a risky  vocation
though the degree of risk may be somewhat less com-
pared to the zone D.
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Fig. 3. Drought prone areas of Karnataka State

Zones F; and F, receive slightly higher amount of
rainfall.  But the intervening prolonged dry spells
make these areas drought affected and hence of poor
crop potential.

The identification of these types as the drought
prone areas is in broad agreement with the studies
on the subject (Chowdhury and Abhyankar 1984,
Krishnan 1984 etc).

5. Summary
This study reveals that :

(i} Dry farming tract of Karnataka can broadly
be divided into four agroclimatic zones.

(if) The wettest zone does not experience inter-
vening dry spells during the crop growth
phase and has the greatest agricultural poten-

tial.

(iii) In the driest zone rainfed agriculture appears

a gamble.

(iv) The most extensive agroclimatic zone in the
state experiences different probabilities of

longer dry spells.

(v) The drought prone area could be identified

by the index developed in the study.




98 (Sm1) N. N.

Acknowledgements

The author is gratefully indebted tc Dr. R.P. Sarker.
Director General of Meteorology, IMD for his guidance.
constructive criticism and encouragement during the
course of this work. She is extremely indebted to Dr. A.
Chowdhury, Deputy Director General of Meteorology
(Agrimet) for his constructive criticism and constant
help in the preparation of this paper. She is also thankful
to Dr. B.C. Biswas, Director (Agrimet) for interest and
encouragement and to members of D.F.R. Unit and
Miss Geeta Ramachandran for typing the manuscript.

References

Biswas, B.C. and Sarker, R.P., 1978, “Agroclimatic Classification
and crop potential during Indian Summer Monsoon in dry
farming tract of India—Part I Maharashtra”, India Met. Dep.
Pre-publ. Sci. Rep. No. 78/14.

Champion, H.G. and Seth, S.K., 1968, A Revised survey of the
Jorest types of India, Controller of Publications, Govt. of
India, Delhi.

Chowdhury, A. and Abhyankar, V.P., 1984, “A Markov Chain
Model for the probability of droughtincidence in India",
Mausam, 35, 3, pp. 403-405.

Gabriel, K.R. and Neumann, J., 1962, ““A Markov Chain Model
for daily rainfall occurrence at Tel. Aviv", Quart J.R. Met.
Soc., 88, pp. 90-95.

George, C.J. and Kalyansundaram, V., 1969, “Use of monthly
deciles of assessing agricultural drought, Bihar State™, India
Met. Dep. Sci. Rep. No. 96.

Hargreaves, G.H., 1974, “Climatic zoning for agricultural
production in northeast Brazil”, on farm water management
research program, Utah State University.

Khambete, N.N., 1985, “Some aspects of short period rainfall
with particular reference to Karnpataka, Thesis submitted
to the University of Poona for the award of Ph.D.

Khambete, N.N. and Kanade, V.V., 1985, “A Weekly Rainfall

Analysis of dry farming tract in Karnataka”, Mpysore J.
Agric. Sci., 19, pp. 1-10.

KHAMBETE

Koppen, A.W., 1936, “Dasgeophaphische System der Klimate",in
Handbache der Klimatologic, eds. W. Koppen and R. Geiger
1, Part C, Berlin, Germany.

Koteshwaram, P., 1972, “Droughts in Asiatic Monsoon Area”,

Proc. Symp. held at Pune during Dec. 1972, NSA Bull. No.
54, 1976, Delhi.

Krishnan, A., 1984, “*An analysis of trends in the rainfall and
droughts occurring in the southwest monsoon and northeast
monsoon systems in the southern Peninsular India”, Mausam
33, 3, pp. 358-379.

Meher-Homji, V.M., 1964, “Life-forms and biological spectra as
epharmonic criteria of aridity and humidity in the tropics”,
J. Indian Bot. Soc., 43, 3, pp. 424-430.

Miller, A., 1971, Climatology, Mathuen, London, L.
Neumann, J., 1955, Bull. Res. Counc. Isreal, pp. 28-39.

Riplay, P.O., 1966, “The use of water by crops”. In proceedings,
I.C.I.D. Special session on new and promising developments

in the field of irrigation, drainage and flood control
Jan 1966, New Delhi.

Ramabhadran, Y.K., 1954, “Persistency of rainy days of Poona®’,
Indian J. Met. Geophys., 5, 1 pp. 48.

Sarker, R.P.and Biswas, B.C,, 1986, “Agroclimatic classifica-
tion for assessment of crop potential and its application to dry
farming tract of India™, Mausam, 37,1, pp. 27-38.

Subrahmanyan, V.P. and Subramaniam, A.R., 1964,** Application
to water balance concepts for a climatic study of droughts
in south India®, Indian J. Met. Geophys., 15, 3. pp.

Thornthwaite, C.W., 1948, ““An approach towards a rational
classification of climate™, Geogr. Rev., 38, pp. 55-94.

Troll, C., 1965, “Seasonal climates of the earth”, In E. Rodenwaldt
and Jasatz (Eds.), World maps of Climatology, Berlin, Springer
Varlog.

Venkataraman, S., Sarker, R.P. and Subba Rao, K., 1976, “A
comparative study of evapotranspiration of wheat at Akola,

Pune and Ilew Delhi”, India Met. Dep. Pre_publ. Sci. Rep.
No. 76/16.

Virmani, S.M., Huda, A.K.S., Reddy, S.J., Sivakumar, M.V.K.
and Bose, M.N.S., 1978, ““Approaches used in classifying
climates with special reference to dry climates™. Agro-cli-
matology Progress Report 2, ICRISAT, Patancheru, India
pp. 25.




