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ABSTRACT. Weekly Aridity Infex (Al) brs:d on Taornthwaiite’s witer bilance technique has been
employed to study the intensification and persistence of kharif agricultural drought during the southwest
monsoon season of 1987, in 33 meteorological sub-divisions of India, by adopting a simple criterion. The
periods and areas of maximum intensification and pzrsistence have been identified.

The analysis revealed that intensification occurred in only seven sub-divsions confined mostly to the
northern and western regions of the country, Persistence was invariably associated with intensification
whereas reverse observation was not perceptible. Mixed mode drought persistence was maximum in Raj-
asthan and Guijarat region. A comparison with meteorological drought, however, revealed that either intensi-
fication or persistence of agricultural drought did occur in those sub-divisions that were affected by severe

meteorological drought.

1. Introduction

Kharif agricultural production in India is mainly
dependent on rainfall during the southwesi monsoon
season (June to September). Agricultural practices and
operations are planned according to the [requency
and quantum of rainfall in a region. The delayed, sluggish
or weak activity of monsoon in any year leads to large
scale drought conditions disrupting badly the agricul-
tural and hydrological operations. Although there is no
unique explanation of drought, yet a vivid account of
definitions of drought has been compiled from various
ources (WMO 1975).

Agricultural drought is marked by the prolonged
water deficit in the soil when the plants are damaged
due to insufficient water supply. The magnitude of the
damage caused to the crops is higher when the drought
conditions persist over a period of time, particularly in
critical phases of crop growth when water requirement
of the cropis important. The crop damage is of more

(269)

serious concern with prolonged persistence of drought
of servere intensity. Moreover, knowledge of drought
persistence over fairly long period of time can provide
vital information regarding the tendency of drought to
persist over a particular regionand may, therefore
serve as a useful means for drought monitoring. In
addition to this, information on the intensification of
drought during consecutive intervals of time constitutes
an important component of drought analysis. The aim of
the present study is to analyse the spread, intensification
and persistence of kharif agricultural drought over India
during 1987. Comparison has also been made with the
meteorological drought conditions prevailing over vari-
ous parts of the country.

Various workers in the world have used different
kinds of indices to identify and study drought. In India
too, many workers have studied meteorological and
agricultural drought (Appa Rao et al. 1983, Bhalme et al.
1980, Chowdhury er al. 1984, George et al. 1969, Mooley
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et al. 1983 and Prasad 1986). Prasad (1987) suggested
and adopted a simple criterion to study the intensification

and recession of droughts in a dry farming region of

India by using the percentiles of monthly rainfall during
southwest monsoon period. In the present paper, weekly
Aridity Index (Al), based on Thornthwaite’s (1957)
water balance technique, has been used to analyse the
spread, intensification and persistence of kharif agri-

cultural drought during 1987. Percentage deficiency of

seasonal rainfall (June to September) from the normal
has been employed to identify meteorological drought.
Intensification and persistence of kharif d"ru,ullurdl
drought has been identified on the  basis of simple
criteria suggested by the authors. Synoptic weather
features associated with the activity of monsoon during
1987 have also been discussed.

2. Data and method

For studying metcorological drought, percentage
deficiencies of seasonal rainfall from ithe normal., in
respect of 33 meteorological sub-divisions of India, were
extracted from Weekly Weather Report (WWR) for the
week ending on 30 Szptember 1987, The details ol
synoptic weather features were also obtained from the
WWRs published by India Meteorological Department
(IMD), Pune.

Agricultural drought analysis was carried out by using
weekly Aridity Index (Al). Potential Evapotranspira-
tion (PE) values computed by Rao er af. (1971) using
Penman’s method and Actual Evapotranspiration (AE)
values computed by Thornthwaite’s (1957) water balance
technique were 2mployed to determine Al for each week
of monsoon season during 1987. Weekly rainfall

of 169 stations, uniformly spread over the map of

India, was utilised to compute AE.

According to Thornthwaite’s concept of aridity,
it describes the water deficiency experienced by
plants due to shortage of available moisture. Rainfall
15 first used by planis to meet their evapotranspirative
demands. Any excess amount of rainfall percolates
and recharges the soil till it attains field capacity.
The surplus water passes as surface runoff or deep
drainage. When the rainfall is less than the evapotransp-
irative demands, the plant sucks moisture from the
soil, ultimately making the soil devoid ol its moisture,

The basic input data required for computing AE
comprises of weekly r_:lmfall (P). normal PE estimated
by using Penman’s formula and water holding field

capacity of the soil (F.) used from the Soil Map of
India published by the National Atlas Organisation of

India. The AE valaes depend on the fact whether
rainfall exceeds or falls short of potential evapotranspi-
ration.

Case | — When rainfall (P) exceeds PE, addition
to soil moisture storage takes place and evapotranspi-
ration proceeds unhindered. In such a case,

AE = PE (1)

Case 2 — When PE exceeds rainfall (P), there is
potential loss of moisture from the soil. Under such
clrcumstances.

AE = P— (S8; — Si—1) (2)

where,

S:; — Water storage for ith week, )
—(8; — Si_,;) = Moisture actually lost from the soil.

Water storage (S;) is computed by using the following
formula 3

. , [ Acc (P —PE);
Si=F, x e p e
exp _ 7 ]

c

3

where, Acc(P—PE); — Accumulated negative values of
(P—PE);.  Acc(P—PE); is given by :

Case 1 : P<PE and S;<F,

Acc(P—PE); = Acc(P—PE),_,—(P—PE); (4)
Case 2(a): P=PE and S;< F,
Acc(P—PE);=S;—; +(P—PE); (5)
and the expression on the right hand side can
reach a maximum value of field capacity (F,) in
our computation scheme

2(b){ P=>PEand §,=F,
Acc{P—PE); = 0

which is also consistent with Egn. (3) above
as can be verified by putting : Acc(P—PE);=0
in Eqn. (3).

Aridity Index (Al) is then computed as follows:

Al = [(PE—AE)/PE]x 100

where PE signifies water need of the plants and
(PE— AF) denotes lhn, water deficit, An anomaly of Al
from a normal value would thus signify the water
shortage from a long term climatic value. The positive
values of anomalies represent agricultural drought
conditions of varying degree. Following classification is
used to identify the intensity of agricultural drought :

Agricultural drought

Weekly anomaly of ;
intensity

AL (%)
1=25 Miid
26-50 Moderate

~.50 Severe

The data relating to mild, moderate and severe
agricultural drmn_h[ in 33 meteorological sub-divisions
of India. for 18 weeks of southwest monsoon season
during 1987 aud the account of meteorological drought
durmL 875 to 1987, was obtained from the Droughl
Research Unit of IMD at Pune.

Meteorological droughts in IMD ‘are identified
when the deficiency of seasonal rainfall (June to Sep-
tember) from the normal exceeds 25 per cent (IMD
1971), The intensity of meteorological drought is
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identified by using the following classification :

Meteorological drought
intensity
Moderate
Severe

Seasonal rainfall
deficiency (%)

26-50
= ="3=50

In addition, a drought year is identified when more
than 20 per cent area of the country is affected by
drought (IMD 1971).

PRI

Inorder to identify the intensification and persistence
of kharif agricultural drought, following criteria have
been=proposed and adopted by the authors :

(a) Thtensification of drought takes place when th®
intensity of drought enhances from mild to
moderate and then severe during at least
three consecutive weeks.

() Unimode drought persistence of a particular
.= ‘intensity (mild, moderate or severe) is marked
= rwhen drought of that intensity continues
=~ duging at least three consecutive weeks.

(¢) Mixed mode drought persistence occurs when

= drought of any intensity, from among the mild

moderate or severe categorisation, persists
during at least three consecutive weeks.

Mild drought in 3 successive weeks is “‘unimode
persistence”’. Severe drought in 2 successive weeks and
modérate drought in the immediately following week
constitutes “mixed mode drought persistence™. The
latter drought persistence has a much stronger adverse
impact on crops than the former. In view of this situation,
it may be necessary to mention that there is no compara-
bility between the two modes of drought persistence in
respect of their adverse impact on crops.

3. Results and discussion

3.1. Monsoon activity

For analysing agricultural drought the monsoon
period (June-September) was divided into three distinct
phases on the basis of progress, advance and retreat of
southwest monsoon during 1987:

Phase 1 : Progress phase —From onset (2 June) to
complete progress (27 July)

Phase 11 : Active phase — From complete progress
to start of withdrawal (12 September)

Phase 111 : Retreat phase — From start of withdrawal
: to the end of monsoon season (30
September).

The southwest monsoon during 1987 advanced timely
over Keralaon 2 June and covered the whole country by
27 July. The complete progress was delayed by more
than 12 days from the normal (15 July). The withdrawal
of monsoon commenced on 12 September,
11-days from the normal (1 September).

late by

In general, synoptic weather systems that contri-
bute to rainfall during monsoon season, include mon-
soon trough, monsoon depressions originating from
Head Bay, remnants of Pacific typhoons that reintensify
into cyclonic storms in the Bay of Bengal, low and upper
level cyclonic circulations and western disturbances.
During 1987, the prominent synoptic features included
2 depressions and one severe cyclonic storm that recurved
and travelled away across Bangla Desh contributing very
little to the rainfall over India.

3.2. Agricultural drought
3.2.1. Spread of drought

Progress phase — In the beginning of progress phase,
mild to severe drought appeared over the country.
The intensification of depression further into a severe
cyclonic storm oyer north Bay in the evening of 4 June
provided very little relief to diminish drought condi-
tions due to its rapid weakening as low and its move-
ment across Bangla Desh in a northeasterly direction.
By the week ending on 29 July, severe drought spread
over Punjab, Haryana. east and west Rajasthan,
Saurashtra & Kutch, Gujarat region, west Madhya
Pradesh and some Peninsular areas. During this phase,
the ratio of sub-divisions affected by moderate and severe
droughtrangedfrom 1 : 2 to 1 : 9.

Active phase — In the middle of active phase, drought
conditions diminished progressively northwards from
southern Peninsula and central parts of India due to
the rainfall in association with a depression and some
low and upper level cyclonic circulations by, the week
ending on 26 August. During next two weeks, severe
drought further retreated covering only Saurashtra &
Kutch and some parts of west Rajasthan and Punjab.
However. mild to moderate drought conditions prevailed
over India, west of 80° E, till the end of active phase.
Formation of a depression over Bihar plateau and
neighbourhood on the evening of 11 September,
too, provided insignificant relief at the end of this
phase. The highest ratio of sub-divisions affected by
moderate and severe drought emerged as 1 : 15 in the
week ending on 5 August and reversed to 4 : 1 in the
weeks ending on 2 and 9 September.

Retreat phase— In the retreat phase severe drought
over most of the central parts of India weakened to
moderate conditions except some northern parts and east
coastal regions and some areas of Saurashtra & Kutch
and Gujarat region. In the middle of this phase, the
number of sub-divisions affected by severe drought was
13 times more than that covered by moderate drought,
At the end of monsoon season, ratio of number of sub-
divisions affected by moderate and severe drought
emerged as 1:13'in the weak ending on 23 September
and reversed to 2 : | in the weeks ending on 15 July
and 30 September.

Northeastern parts of the country, however, remained -
practically free from drought conditions through-
out "the "monsoon "period where floods caused havoc to
life and property. S
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Fig. 1. Percentage number of sub-divisions affected by agricultural
drought during southwest monsoon of 1987
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Fig. 2. Intensification of agricultural drought during southwest
monsoon of 1987

w Fig. 1 depicts the percentage number of meteorologi-
cal sub-divisions affected by mild, moderate and severe
agricultural drought. Less than 309 and 407 sub-
divisions were covered by mild and moderate droughts
respectively. The number almost doubled to 707, under
severe drought indicating a general increase in the
frequency of sub-divisions with the enhancement of
drought intensity. Higher number of sub-divisions was
affected by mild drought during June and September
than in July and August. Maximum frequency of sub-
divisions covered by moderate drought appeared in the
last week of September. An appreciable increase in the
frequency of sub-divisions affected by severe drought
may be observed generally in all the phases of monsoon
season. It suggests a general increase in the spatial
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Figs. 3 (a-c). Spread and persistence of agricultural drought
during southwest monsoon of 1987

extent of drought with the enhancement of intensity from
mild and moderate to severe.

It may be mentioned that few occasions of severe
droughs occurred in the extreme northeast and south
Peninsular areas. Filuctuations in drought intensity
were also irtegular in those areas as well as in coastal
Andhra Pradesh and Telangana. Mild and moderate
droughts were more frequent in Rayalaseema and Tamil-
nadu.

3.2.2. Intensification and persistence

Intensification of agricultural drought during 1987 is
shown in Fig. 2. Spread and persistence of agricultural
drought is shown in Figs. 2 (a-c).. Sub-division
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serial numbers in Figs. 2 and 3 correspond to those indi-
cated below :

(1) Arunachal Pradesh, (2) Assam & Meghalaya,
(3) Nagaland, Manipur, Mizoram & Tripura, (4) Sub-
Himalayan West Bengal, (5) Gangetic West Bengal, (6)
Orissa, (7) Bihar Plateau, (8) Bihar Plains, (9) East
Uttar Pradesh, (10) Plains of West Uttar Pradssh,
(11) Hills of West Uttar Pradesh, (12) Haryana, (13)
Punjab, (14) Himachal Pradesh, (15) Jammu & Kashmir,
(16) West Rajasthan, (17) East Rajasthan, (18) West
Madhya Pradesh, (19) East Madhya Pradesh, (20) Guja-
rat Region, (21) Saurashtra & Kutch, (22) Konkan &
Goa, (23) Madhya Maharashira, (24) Marathwada,
(25) Vidarbha, (26) Coastal Andhra Pradesh, (27)
Telangana, (28) Rayalaseema, (29) Tamil Nadu, (30)
Coastal Karnataka, (31) North Interior Karnataka,
(32) South Interior Karnataka and (33) Kerala.

Intensification was confined to certain sub-divisions
clustered together in northern and western parts of
India. Intensification commenced first in Haryana and
then simultaneously in Punjab, Himachal Pradesh and
Jammu & Kashmir followed by west Rajasthan during
progress phase. Intensification ended abruptly in Jammu
& Kashmir and thereafter drought appeared on isolated
occasions. In Himachal Pradesh intensification was
followed by moderate and severe droughts and there-
after only mild drought appeared on three different
occasions. Intensification was followed by a continuous
spell of either moderate or severe drought in Haryana,
Punjab and west Rajasthan during the critical phase
of crop growth. Drought conditions were, however,
relaxed in these sub-divisions in the initial crop growth
stages.

Only east Rajasthan and Gujarat region in western
India displayed intensification of agricultural drought
during the retreat phase followed by severe and moderate
droughts during next two weeks. No intensification
occurred during active phase of monsoon due, apparently,
to the establishment of monsoon current over the
country.

Persistence of severe agricultural drought of varying
degrees prevailed over large parts of India except extreme
northeast and south Peninsular areas. Unimode persis-
tence of severe drought appeared in the beginning of
monsoon over Bihar plains and sub-divisions of Uttar
Pradesh delaying sowing operations of kharif crops. It
emerged swiftly over western parts of India and extended
throughout the active stages of growth. Persistence
of 6 weeks or more occurred over Haryana, Punjab,
east and west Rajasthan, Gujarat region and Saurash-
tra & Kutch mostly during active phase of monsoon.
Maximum unimode persistence of severe drought of
14 weeks duration occurred in Saurashtra & Kutch.
Severe drought persisted for only three weeks during
active phase in west Madhya Pradesh, Madhya Maha-
rashtra and Marathwada and in coastal Andhra Pra-
desh in retreat phase. In these sub-divisions, short
duration persistence does not appear to suggest adverse
impact on crop production.

Unimode persistence of moderate drought occurred
in Rayalaseema in the beginning of progress phase and
at the end of active phase of monsoon when west
Rajasthan also displayed persistence. Mild drought

persisted for three weeks in east Rajasthan, west Madhya
Pradesh and Gujarat region commencing with the
beginning of progress phase.

Unimode persistence of severe drought was followed
by intensification in Haryana, Punjab and west Rajasthan
while reverse activity was perceptible in east Rajasthan
and Gujarat rsgion.

Drought intensification and persistence “or a longer
duration of six weeks or more was confined to some
northern and western parts of the country. These
regions remained unaffected by the rainfall associated
with the severe cyclonic storm and the two depressions
that formed during the progress and active phases of
southwest monsoon during 1987. Also, regions located
in the east and extreme northeast of the country dis-
played no intensification or recession of drought. In
those regions, on the contrary, floods caused colossal
damage to life and property.

The maximum mixed mode drought persistence
occurred in cast and west Rajasthan and Gujarat
region covering almost the entire monsoon season.
Extreme northwestern and some of southern Peninsular
areas, however, remained free from such a persistence,

3.3. Meteorological drought

Analysis of meteorological drought revealed 1987
as the 26th drought year during a period of 113 years
from 1875 to 1987. Uniquely, it also emerged as the
third consecutive drought year during that period. A
couple of rare events of two consecutive drought years
had, howevet, occurred during 1904-05 and 1965-66.

About 47 per cent area of the country was affected
by meteorological drought during 1987 and it ranked
4th in order of spatial extent during past 113 years.
However, 1918 was the worst drought year of the past
century when 70 per cent area of the country fell in the
grip of drought.

During 1987, in all, 50 per cent sub-divisions were
affected by drought of either moderate or severe
intensity. The sub-divisions affected by meteorological
drought are shown below :

Moderate — Nagaland, Manipur, Mizoram & Tripura,
Orissa, East Uttar Pradesh, Hills of West
Uttar Pradesh, Jammu & Kashmir,
East Rajasthan, Gujarat Region, Vidar-
bha, Coastal Andhra Pradesh, Kerala.

Severe — Plains of West Uttar Pradesh, Haryana,
Punjab, Himachal Pradesh, West Rajas-
than, Saurashtra & Kutch.

It will be seen that the meteorological drought of
severe order occurred in plains of west Uttar Pradesh,
Haryana, Punjab, Himachal Pradesh, west Rajasthan
and Saurashtra & Kutch. In these areas either persis-
tence and/or intensification of agricultural drought had
invariably taken place. A few subedivisicns, namely
Nagaland, Gangetic West Bengal, Vidarbha and Kerala
which were covered by moderate drought, did not
suffer from either persistence or intensification. This
suggests that the areas under severe drought conditions
are more likely to be associated with either intensifica-
tion and/or persistence of agricultural drought during
the southwest monsoon season,
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4, Conclusions

(a) Aridity Index (Al) based on Thornthwaite’s water
balance technique has been employed to analyse the
week to week march of agricultural drought during the
southwest monsoon season of 1987. The severe drought
spread over most of India during the progress phase
and diminished progressively northwards thereafter in
the active phase. Some relief from drought conditions
was perceptible fo. a brief peiiod due to rainfall in
association with a couple of depressions, lower and
upper level cyclonic circulations and western disturbances,
During retreat phase, severe drought weakened to
moderate intensity and covered most of the country.
The northeastern parts of India, however, remained
practically free from drought.

(b) Intensification of drought from mild to moderate
and severe occurred in only seven sub-divisions mostly
located in northern and western India during progress
and retreat phases of monsoon.

(¢) Unimode persistence of severe drought of 6 or
more weeks” duration was more frequent. Longest
persistence of 14 weeks occurred in Saurashtra & Kutch.

(d) Both intensification and persistence of severe
drought was observed in Haryana, Punjab, Himachal-
Pradesh, east and west Rajasthan and Gujarat region.
These areas remained devoid of the rainfall associated
with the two depressions and suffered from severe
meteorological drought.

(e) Mixed mode drought persistence was maximum in
east and west Rajasthan and Gujarat region extending
almost throughout the monsoon season.

(f) Percentage deficiency of seasonal "rainfall (June
to September) revealed meteorological drought during
1987. It appeared as the 26th drought year of India and
fourth in order of spatial extent during a period of 113
years from 1875 to 1987. Fifty per cent of the sub-
divisions were affected by drought of either moderate or
severe intensity. Intensification and/or persistence of
agricultural drought invariably took place in all sub-
divisions where severe meteorological drought had
occurred.
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