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lkj & Hkkjr d¢ o"kkZ/khu [ksrh okys {ks=ksa esa lw[ks dh ?kVuk,a izk;% ns[kus dks feyrh gSaA izLrqr 'kks/k&i=
esa N% LFkkuksa uker% fnYyh] t;iqj] vgenkckn] tyxk¡o] vgenuxj ,oa vuariqj esa n’ked i)fr dk iz;ksx
fd;k x;k gSA bl dk;Z d¢ fy, [kjhQ d¢ ekSle dh vof/k d¢ 80 o"kksaZ ¼1901&80½ dh o"kkZ d¢ lkIrkfgd
vk¡dM+ksa dk mi;ksx fd;k x;k gS] vFkkZr+~ Qly d¢ fodflr gksus d¢ ekSle esa o"kkZ dh vof/k twu ls ysdj
vDrwcj d¢ vkjaHk rd c<+ tkrh gSA Ñf"k] ekSle rFkk ty oSKkfud lw[kksa dk irk yxkus d¢ fy, rhljs] ik¡posa
vkSj lkrosa n’ked d¢ rhu oxksZa dk mi;ksx fd;k x;k gSA
;g irk pyk gS fd n’ked i)fr Qly ds fodflr gksus d¢ nkSjku o"kkZ dh ?kVuk dh laHkkouk dks
mRrjksrj l’kDr cukrh gSA ekSle d¢ 'ks"k Hkkx d¢ fy, Åij crk, x, n’ked vFkok laHkkO;rk ds rhu Lrjksa
d¢ lkFk lkIrkfgd o"kkZ d¢ vk¡dM+ksa dks la;ksftr djrs gq, izkIr fd;k tk ldrk gSA Qly ds lao)Zu d¢
nkSjku o"kkZ d¢ vkdyuksa d¢ lewg Hkh feyrs gSaA
;g i)fr 1981&96 d¢ o"kksZa dh o"kkZ d¢ fy, Lora= vk¡dM+k lewgksa ij iz;qDr dh xbZ gSA lw[ks d¢
izdkjksa dh Li"V :Ik ls tk¡p dh xbZ gSA Ñf"k laca/kh lw[kk ¼tSls fd vuariqj½ d¢ vfrlaosnu’khy {ks=ksa dh
tk¡p dh tk ldrh gSA
ABSTRACT. Dry farming regions (DFRs) in India often witness incidences of drought. In the present study
decile method has been applied to six stations viz. Delhi, Jaipur, Ahmedabad, Jalgaon, Ahmednagar and Anantapur. For
this purpose weekly rainfall data for 80 years (1901-80) have been used, for the kharif period i.e. rainy crop growing
season extending from June to early October. Three decile ranges i.e. 3rd, 5th and 7th have been used to identify
agricultural, meteorological and hydrological droughts. The commencement of sowing operations and duration of
agricultural season have also been determined and discussed.
The decile approach, it is suggested, enables progressive update of the probability of occurrence of rains during the
crop growing season. This can be achieved by adding, weekly rainfall separately to the above deciles or three probability
levels for remaining part of season. It gives sets of estimates of rainfall during the growing season.
The methodology was applied on the independent data set of rainfall for the years 1981-96. The types of droughts
have been clearly identified. Most vulnerable areas of agricultural drought (like Anantapur) could be identified.
Key words – Commencement, Prognostication, Probability, Decile, Dry farming, Droughts, Kharif crops.

1.

a result of lack of average expected rainfall. Droughts are
accompanied with high rates of evaporation; these cause a
marked depletion of water bodies, a lowering of ground
water table and a concurrent dehydration of the root zone
of the soil, thus limiting potential moisture supply to crop
plants. Among the various types of droughts viz.,
meteorological, hydrological and agricultural; the
agricultural droughts are most important, since these
affect practically all sections of society and cause large
scale suffering and distress. As agricultural production in

Introduction

Dry farming regions (DFRs) are defined as areas
receiving annual rainfall between 40 & 100 cm. These are
generally located in arid and dry sub-humid semi-arid ecoregions. These cover a large area of the country having
low agricultural potential. The main reason for agriculture
being a risky enterprise in this region is that it often faces
frequent incidences of drought. Drought a phenomenon
resulting from prolonged crop moisture stress is primarily
(909)
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DFRs of India is mainly dependent upon monsoon rainfall,
the occurrence of any drought in this zone results in large
scale shortfall in agricultural output. Impact of drought
cannot be totally eliminated but it can be minimized by a
prediction of its likely occurrence through analyses of past
rainfall records. Various prognostic approaches have been
widely used by many research workers for drought
prediction. (Palmer 1965, Bhalme et al., 1990,
Parthasarthy et al. 1992).

Gibbs and Maher (1967) recognised that common
statistical measures such as 'arithmetic mean', 'average'
and 'normal' are often poor indicators of the occurrence of
rainfall. They surmised that same rainfall amounts are not
normally distributed, it could best be described by quoting
the limits of certain proportion of the occurrences. The
method they proposed is based on limits of each of 10
percent (or decile) of the ordered distribution of rainfall.
The specific decile range within which an individual total
rainfalls, provides a useful indication of its departure from
average. Decile method of prognostication of drought
(French 1987) in DFRs can prove to be best suited when
terms such as below or above average etc. fail to explain
the phenomenon.

In this paper an attempt has been made to explore
use of the decile method in mapping agricultural,
meteorological and hydrological drought in DFRs of India
while an emphasis has been laid on agricultural droughts.
Potential of this approach as a tool to monitor and forecast
rainfall amount in specific interval will also be evaluated.
A preliminary study of agricultural droughts based on
deciles in India was earlier made by George and
Kalyansundaram (1969) for the Bihar state of India.

2.

study for agricultural drought weekly rainfall data have
been used in this study.

A study on agricultural droughts must take into
account successful rate of sowing or transplanting of crops.
This will determine the eventual growth of crops i.e.
period from establishment to maturity/harvest. Critical
growth periods needing rainfall for dependable yields is
critically related to crop sowing and establishment. In the
study reported here, estimates of ideal sowing week have
been selected based on the week receiving 25% more
rainfall than the previous week, provided the amount
received is equal to or greater than 10 mm. This has been
noted for each of the years (from 1901 to 1980) and an
average week of sowing has been determined for all the
stations. After locating the week of sowing, agricultural
drought events in the growing season have been defined
when: rainfall received in the consecutive two or more
weeks is below 3rd decile range provided the first week of
this sequence received rainfall ≤ 25 mm, further when the
rainfall recorded in this week exceeded the amount
(25 mm), the first week following this week in which
rainfall is in the 3rd decile is ignored and the dry weeks
are counted from the next week onwards.

The meteorological droughts have been defined
when the seasonal rainfall total during kharif in a
particular year is less than 5th decile or when 50% or
more weeks during this season received a rainfall amount
less than the 5th decile.

The hydrological droughts are defined: when the
seasonal rainfall in a particular year lies in 7th or lower
decile range.

Data and method of analysis

In this study 80 years (1901-80) rainfall data of 6
stations in the DFR of India viz. New Delhi, Jaipur,
Ahmedabad, Jalgaon, Ahmednagar and Anantpur were
used. The annual rainfall at these places ranges between
40 and l00 cm with most of the rain occurring in the
monsoon season (June-September). This period coincides
with the major period of growth and development of
kharif crops in India which occurs between 23rd (4th - 10th
Jun) and 42nd (15th - 21st Oct) meteorological weeks
(MW). Rainfall recorded during this period have been
considered for this analysis. The decile values have been
determined for each MW for all the 6 stations. Previous
studies on drought were mostly based on monthly or
seasonal data (Sarker et al. 1982, Das 1987, Das and
Chowdhury 1992 etc.). As a month is too long period to

The decile method used in this study enables to
progressively update the probability of rains with the
progress of the crop growing period. Thus, in this
prediction technique, within the crop growth cycle, need
of water and amount of rainfall can be determined at any
desired probability level. The growing season lying
between the 23rd to 42nd standard weeks has been divided
into five periods, designated as ‘A’, ‘B’, ‘C’, ‘D’ and ‘E’
each extending to four weeks. Initially decile values of
these five periods were obtained. For progressive updates,
actual rainfall for the period ‘A’ is added separately to
three probabilities of rainfall i.e. deciles 7, 5 and 3 for the
remaining period i.e. B+C+D+E. This gives the first set of
estimates or expected amount of rainfall of the season for
the three deciles. The second set of estimates is obtained
at the end of period ‘B’. In this case the combined actual
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TABLE 1
Rainfall (mm) for three selected deciles

Station

Decile

New Delhi

Third

Jaipur

23

24

Ahmednagar

Anantapur

Ahmedabad

26

27

28

29

30

31

32

33

34

35

04

09

15

11

15

15

07

07

03

36

37

Fifth

03

5

9

12

35

54

66

63

54

31

28

35

31

27

7

Seventh

05

07

15

21

38

59

70

67

82

71

41

43

49

43

38

Third

06

13

16

11

09

06

08

13

02

01

Fifth

06

17

34

35

39

31

19

24

32

16

13

Seventh
Jalgaon

25

38

39

40

09

09

01

13

28

35

61

75

80

55

70

50

65

52

30

25

09

Third

01

07

17

34

24

20

21

18

15

06

07

06

08

02

01

Fifth

11

21

42

47

46

44

32

41

31

22

27

16

27

09

11

41

Seventh

16

38

51

79

75

75

62

70

76

57

33

48

40

47

39

29

19

Third

05

07

04

04

04

02

03

02

03

01

01

01

01

03

04

12

04

Fifth

20

18

13

15

12

06

10

10

06

03

04

04

05

09

15

34

16

09

Seventh

38

36

29

38

31

23

19

14

18

11

12

19

17

31

43

55

62

23

19

Third

01

04

06

01

02

Fifth

07

01

01

04

03

03

04

04

03

01

05

04

04

04

09

36

17

18

14

Seventh

20

06

06

11

07

08

14

10

13

05

18

13

13

17

39

71

42

31

37

01

10

12

15

11

16

10

08

07

05

04

01

03

06

33

36

45

28

39

32

21

17

17

13

10

04

03

17

31

53

68

71

77

81

84

71

52

52

60

56

31

17

01

Third
Fifth
Seventh

05

01

01

42

18

06

rainfall of period ‘A+B’ is added to the deciles 7, 5 and 3
for the remaining period, ‘C+D+E’. The second set
indicates the total rainfall of the season estimated at the
three deciles. This process was repeated at the end of each
period using the actual rainfall for that period and the
probabilities of rainfall for the remaining periods of the
season. Thus four sets of estimates can be obtained at the
end of period ‘A’, ‘A+B’, ‘A+B+C’ and ‘A+B+C+D’, for
each deciles and can be compared with each other.

The end of the growing season has been assumed as
that week towards the end of kharif if season which
receives less than 25% of rainfall than the previous week,
provided it is ≤ 10 mm.

After a determination of the week ideal for the
commencement of sowing, the week of cessation of
rainfall from plant physiological point of view, needs to
be identified. This would then give approximately the
length of growing season (LGS).

Raman (1974) used daily rainfall to determine the
commencement date of the kharif sowing operations in
Maharashtra. His method, however did not take into
account the evapotranspirative demands of the crop. Raj
(1979) proposed a method to determine sowing as that day

3.

Results and discussion
3.1. Commencement and cessation of growing
season
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Fig. 1. Prediction of rainfall trend for the year 1986

in 7-day spell when (i) total rainfall is greater than 5e +
10 mm and (ii) at least 4 of the 7 days have rainfall not
less than 2.5 mm each, where ‘e’ represent daily
evaporation (mm).
27th

In the present study, our analysis indicates that the
MW (11 to 17 Jun), is ideal to start sowings in

Jalgaon and Ahmednagar, whereas for Ahmedabad, Jaipur,
Delhi and Anantapur the preferred week of sowing would
be 25th MW (18 to 24 Jun).
Similarly the growing season ends first in Jaipur in
39th MW (24 to 30 Sep) and for the rest of the stations,
(except Anantapur) in 40th MW (1 -7 Oct). At Anantapur
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TABLE 2
Estimation of growing season rainfall on the basis of decile rainfall values
(a)

Decile rainfall values (mm) for Ahmednagar at different stages of the growing period
Stages

Decile

A

B

C

D

E

(B+C+D+E)

(C+D+E)

(D+E)

3

78

35

26

76

47

292

209

137

5

102

72

52

109

75

384

290

234

7

146

114

79

182

130

458

373

295

(b)

(c)

Actual cumulative rainfall values (mm) for Ahmednagar in 1986 at different stages

A

B

C

D

E

103

103+40

143+99

242+109

351+4

= 143

= 242

= 351

= 355

Prediction of growing season rainfall on the basis of decile 5 for Ahmednagar at different stages in 1986
Stages

A

B

C

D

Predicted rainfall
(mm)

103+384
= 487

143+290
= 433

242+234
= 476

351+75
= 426

the crop season terminates a week latter 40th MW (1- 7
Oct).Thus, the effective length of growing season, in
DFRs spread over a period of 14-15 weeks.
3.2. Decile rainfall features
Rainfall received at the third, fifth and seventh
deciles is shown in Table 1. At the third decile level,
normally very low rainfall is observed at Ahmednagar and
Anantapur, both traditionally drought prone areas in the
country. At Jalgaon rainfall of >10 mm occurs between
26th (25 Jun - 1 Jul) to 32 MW (6 - 12 Aug) and MWs 26
to 31 (30 Jul - 5 Aug) at Ahmedabad in the third decile.
Further north, this magnitude of rainfall gets progressively
delayed. Thus at Jaipur, rainfall ≥ 10 mm is received
between MW 28 (9-15 Jul) MW 30 (23 - 29 Jul) and at
Delhi, in MWs 24 - 32. This is the period of active
monsoon over India.
At the 5th decile, or 50% level of probability,
Anantapur gets rainfall ≥10 mm only after MW 38 (17 23 Sep). This location in Rayalseema, as we know,
receives more rainfall in the retreating phase of monsoon.
Ahmednagar can be said to receive ≥10 mm rainfall,
generally in two spells. First one between 23rd to 30th
MW i.e. (4th - 10th Jun to 23rd - 29th Jul ) and the second
one from MW 37 (10 - 16 Sep) to MW 39 (24 - 30 Sep).
As such, for growing crops at 50% success level, the crop

should be sown so that the crop demand for water does not
fall between MWs 31 - 36 at Ahmednagar. The entire
period from MW 24 (11 - 17 Jun) to MW 38 (17 - 23 Sep)
at Jalgaon can be said to uniformly receive ≥10 mm
rainfall with MW 26 (25 Jun - 1 Jul) -MW 32 (6 - 12 Aug)
getting weekly rain of 30 mm or more. Ahmedabad and
Delhi also get rainfall exceeding 10 mm at 5th, decile
between 26 - 38 and 26 - 37 MWs, infact nearly the whole
period getting heavier rain of ≥30 mm. Rainfall at
50% probability level, ≥10 mm is confined to MW 28
(9 - 15 Jul) to MW 36 (3 - 9 Sep) at Jaipur.
In the seventh decile or at 30% probability level,
rainfall ≥10mm is received sporadically at Anantapur till
MW 33 (13 - 19 Aug), after which, rainfall of this
magnitude can occur almost throughout rest of the rainy
season. At the other locations considered in DFR, barring
a week or so in the beginning of the period during MWs
(23 - 42) and for nearly 5 - 6 weeks towards the end, the
entire crop season can be assumed to get rain of ≤10 mm
per week.

3.3. Rainfall decile and predicting the nature of
agricultural growing season
The methodology enunciated above enables to
progressively improve upon prediction of rainfall during
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TABLE 3
Identification of droughts and their types at six selected locations
(Datum Period : 1981-96)
Station

Agricultural

Meteorological

New Delhi

1981, 1987

1981, 1986, 1987

Jaipur

―

1982, 1984, 1986, 1987, 1993

Ahmedabad

1986, 1987, 1993, 1995

1982, 1986, 1987, 1991, 1992, 1993

Jalgaon

1985, 1986

1982, 1984, 1985, 1986, 1987, 1989, 1991

Ahmednagar

1982, 1984, 1985, 1986, 1993

1982, 1984, 1985, 1986

Anantpur

1981, 1982, 1984, 1985, 1986,
1987, 1989, 1990, 1991

1982, 1984, 1986, 1987, 1990,
1991,1992

the growing season at three probability or decile levels 3rd,
5th and 7th for this purpose. Fig. 1 shows the graph of
actual cumulative rainfall and three updated rainfall
probabilities during the growing season from the initial
phase of season ‘A’ till the end of the season ‘E’. As
described above the actual rainfall at any stage (i.e. from
‘A’ to ‘E’) is added to the selected decile value of
remaining part of the season, and plotted at the end of
each period. The curves indicate a clear trend of what the
outcome of seasonal rainfall is likely to be as the crop is
growing. The methodology of predicting the nature of
rainfall for the growing season at each of the stages (from
‘A’ to ‘E’) has been shown for a typical drought year 1986.
It is seen that at 3rd decile range, Ahmednagar shows
about 400 mm of rainfall predicted at the stage ‘A’ for the
entire growing season. This amount has been estimated by
adding the actual rainfall at stage ‘A’' with the probability
of rainfall at decile 3 for the remaining period of the
season i.e. (B+C+D+E) stages. The estimated totals can be
compared with the actual rainfall amount during A to E
stages. This gives a first set of estimates of rainfall in the
growing season.

At the end of stage B, the combined actual rainfall
for (A+B) stages is added to the rainfall decile 3 for the
remaining period of (C+D+E) of the growing season.
Thus Ahmednagar shows about 350 mm of rainfall
predicted at stage ‘B’. This process is repeated at the end
of each stage, using the actual cumulative rainfall for that
stage and the probabilities of rainfall (deciles rainfall) for
the remaining stages of the growing season. Thus we find
380 mm of rainfall predicted at stage ‘C’ and 400 mm
predicted at stage ‘D’. Finally the actual total rainfall of

Hydrological
1984
1986, 1987, 1988, 1989
1988, 1993
1986
―
1987, 1993

350 mm is found at the end of stage ‘E’. This shows that
the amount of rainfall predicted at each of the stages ‘A’,
‘B’, ‘C’ and ‘D’ and the actual rainfall total at end of ‘E’
is more or less comparable. The same procedure has been
repeated at 5th and 7th decile ranges upto end of period
‘D’. In 5th and 7th decile ranges, the actual rainfall total
seen at the end of period ‘E’ is much less than predicted
rainfall at different stages of the growing period. This type
of situations are also noticed at Anantapur and Jaipur. The
larger differences in probabilistic rainfall upto end of
period ‘D’ and actual rainfall at ‘E’ is seen at Jalgaon and
Ahmedabad and upto period ‘B’ at New Delhi. Table 2
shows how the predicted rainfall amounts for decile 5
have been estimated for Ahmednagar at different stages
on the basis of the 5th decile rainfall values and actual
cumulative rainfall for the respective stages.

3.4. Use of deciles for drought identification
In DFRs of the country, the incidence of frequent,
often severe drought, is not an uncommon phenomenon. A
considerable amount of research is available on seasonal
or meteorological drought. (Wilhite 1993 and Redmond
2000). However, on the subject of agricultural or
hydrological drought, very few studies seem to have been
conducted, particularly in the former, in view of
complexities involved (Chowdhury and Gore 1989, Das
2000).

The decile system used in the present study helps to
distinguish one type of drought from another. The
technique has been applied for independent data from
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1981 to 1996. The results of these analyses are given in
Table 3.

A glance at the table reveals that meteorological
drought need not, simultaneously, give rise to agricultural
drought and vice versa in the DFRs of India. Pooling
together data of all six stations as an independent data set,
the number of station-years having meteorological and
agricultural droughts were 32 and 22 respectively.
Instances of simultaneous occurrence of agricultural
drought with meteorological drought were 16, giving the
50% probability for the agricultural drought to be
experienced when the meteorological drought is already in
progress. A well distributed rainfall, may be low in
quantum, giving rise to meteorological drought, but if it
occurs in the crucial periods, it may result in good growth
and yield of crops. On the other hand, chances of
occurrence of meteorological drought when agricultural
drought is being felt in DFRs are rather high i.e. 16/22 or
nearly 75%. Some of the well-documented droughts
(meteorological) between 1981-96 like 1982 and 1987 are
clearly brought out in the analysis. Thus, it is seen from
the table, the instances of meteorological drought, are
comparatively more than the further. A comparatively
fewer number of instances of hydrological drought except
for Jaipur is another striking feature, emerging from the
Table 3. Several cases of drought (both agricultural &
meteorological) noted at Anantapur emphasize the
precarious nature of agricultural production at this
location. The decile method, therefore, offers a novel
approach to monitor rainfall situation with the progress of
the crop growth and is useful to identify any of the three
types of drought.

4.

Conclusions

(i) In the peninsular Indian region sowing operations can
be commenced in MW 24 (11-17 Jun) - and a week later
in the north.

(ii) The length of the growing season extends to 14-15
weeks duration in dry farming regions of India.
th

(iii) At the 50% probability level (5 decile ), the period
of rainfall ≥10 mm extends from MW 24 (11 - 17 Jun) to
MW 38 (17 - 23 Sep). The period decreases as we go
northward from the south.

(iv) Because of the in-built complexities in agricultural
system, probability of simultaneous occurrence of

915

agricultural drought with meteorological drought is 50%.
Meteorological droughts, concurrently occur with
agricultural droughts in 3 out of every 4 episodes.

(v) Anantapur appears to be most vulnerable to
agricultural and meteorological droughts out of the 6
locations studied.

(vi) The updated rainfall data can be used in growth
models to predict crop and pasture yields and to assist in
decisions on investments in farming operations.
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