Mausam, (1992), 43, 2, 169-174

P 633.18 : 551.577.3

Study of drought indices in relation to rice crop
production over some States of India

G. APPA RAO, S. V. DATAR and H. N. SRIVASTAVA
Meteorological Office, Pune
(Received 18 April 1991)

W - WA F F5 TG0 (AU a9 1980 817 1990 7 G F 4% § 2Y0F w6 ¥ wFe 1 fAv wea s
fasm faram &7 weim 37 G330 afaweo a1 s qar widem magfen & 3=t # 9F 2 @ i mar &
f& wrrg st fasr fawrs gror wqey gawis fifews srfadt § <tem fafegs @81 7 amer & s gan
iy § waf® e q37 Aae aiwwen 5 garfadia foafact o guar &g gaf avw, 1989 ¥ Nua, adw e
g, frad oz oit & siwel ax smurfea wisgaral & 72w awfzq arefoas siwfar s 9 saq 77 7991 § 399 A9 0w
7w § T WA AT | T §77 " sl s area Atew fasm fram & wer 35w 25 0 wgEs v aan ar
st f 1989 % YA ®AF FEA F A0 g qawer grar

ABSTRACT. Drought monitoring indices used by India Meteorological Department (IMD) and National
Remote Sensing Agency (NRSA) have been discussed in relation to crop estimates during kharif seasons of 1989
and 1990 for some States over India. It was found that index used by IMD showed moderate to severe drought
over certain areas during certain periods, while NRSA reported non-drought conditions. On the other hand,
the preliminary estimated rice crop by the respective States during 1989 suggested higher values in four States
and lower in one State, with reference o the mean  values based on the previous eight years data. A high degree
of correlation between NRSA and IMD drought indices was found, which agree partially with the vield estimates
during 1989

Drought, Aridity index, Potentiul evapotranspiration, Leafl area index, Rainfall.
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1. Introduction

Drought is one of the natural disasters which has a
direct impact on socio-econcmic aspects due to marked
decrease of food production of the country. A numbezr
of studies have beer reported to understand the Indian
drought and their impact on foodgrain production of
the country and prediction: namely, Parthasarathy er
al. (1987, 1988, 1990) and Choudhury et al. (1989,

Definition of drought directly or indirectly considers
the water deficiency due to temporal and spatial distri-
bution of rainfall. Three types of droughts are generally
important namely, meteorological. hydrological and
agricultural.

Attempls are being made during recent past to detect
and monitor droughts during kharif and rabi seasons
of India by two organisations, namely, India Meteo-
rological Department (IMD) and National Remote
Sensing Agency (NRSA) of Department of Space
(DOS). The former utilises rainfall & it’s derivatives
and the latter. the satellite pictures. NRSA is moni-
toring drought during the last two years and IMD
during the last cne decade. An attempt has been made
in this paper to compare the indices of IMD and NRSA,
in relation to kharit crops of 1989 and 1990.

( 169)

2. Data

Analysis was carried out using weekly, monthly and
seasonal rainfall data of district, msteorological sub-
division and State levels, for six and ten States of India
respectively in 1989 and 1990 as shown in Fig. 1. IMD
uses weekly aridity anomalies computed for 194 stations
over India and NRSA uses National Agricultural
Drought Assessment and Monitoring System (NAD
AMS) bulletins of once in two weeks. for drought
assessment.

3. Methodology

3.1. Drought monitoring by IMD

IMD uses an index to assess the drought situation
based on the Thornthwaite’s concept of water deficiency
experienced by the growing plants/crops. It is termed
as aridity index and given as (PE—AE)/PE. The poten-
tial water need of the plant is repiesented by PE (Poten-
tial Evapotranspiration) and the actual evapotrans-
piration by AE and the difference between these two
parameters indicate the water stress.
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TABLE1(a)
Calendar periods for fortnightly observation

S. Standard week Calendar period
No. No.
1 23,24 4 Jun-17 Jun
2 25, 26 18 Jun-1 Jul
3 27.28 2 Jul-15 Jul
4 29, 3¢ 16 Jul-29 Jul
5 31, 32 30 Jul-12 Aug
6 33,34 13 Aug-26 Aug
7 35, 36 27 Aug-9 Sep
8 37, 38 10 Sep-22 Sep
39, 40 24 Sep-7 Oct
TABLE 1 (b)

Drought severity level adopted by NRSA based on satellite
pictures (in per cent)

NDVI anomaly

Dclay in vegeta- compared to Drought severity

tion growth normal year level
(in per cent)
Up to 1 fortnight Upto 10 Normal [N]

1-2 fortnights Above “f but below Mild [L]
25 %

24 fortnights Above 25 but beloww  Moderate [M]

50
More than 4 Above 50 Severe [S]
fortnights
TABLE 1 (¢)
Drought severity level adopted by IMD based on aridity angmalies
(in per cent)
Non arid (NA) 0 or less
Mild (M) l to 23
Moderate (MO) 26 10 50

Severe (S) More than 50

The climatic water balance (Thenthwaite and Mather
1957) provides actual evapotranspiration, water defi-
ciency, water surplus and run-off of a place. These are
of great importance in assessing the irrigation require-
ments, hydrological und agricultural potential of a
place (Rao et al. 1976). The technique takes into
account the precipitation (P) against PE. Positive
(P—PE) indicates addition of moisture to already existing
soil moisture ‘torage. A negative value can lead to
loss of moisture from the soil. In the former case,
the actual evapotranspiration, AE=PE and ecvapo-
transpiration can preceed unhindered with a healthy
growth of crop. In the latter case, AE will be either
potential or lesser rate. AE in this case is precipitation
plus moisture actually lost from the soil. The PE-— AF

indicates the water deficit of the place, whereas P—AE
is water surplus which is available for run-ofl. Station-
wise AE values were computed as per ths procedure
given by Rao er al. (1976) for the standard weeks during
the kharif seasons of 1989 and 1990.

Actual PE values for the years 1989 and 1990 are not
calculated. however. they are based on Penman’s formula
and taken from the normal menthly PE valuss published
by Rao et al. (1971). The water deficiency or drought
over a station was estimated as the difference between
actual and normal valus. and is called as anomaly.

The anomalies werz categorised info three types
namely, Mild: 1-25 : Moderats :26 -50 and Severe :
Morz than 350 [Table 1 (¢)]. They were rlotted
and analysed fer identification of the deficit/excess
areas on weekly basis during monsoon season June to
September. The areas of different drought intensities
were compared with the previous weeks, for recession
or intensification of the drought. This technique was
used to study the past Indian droughts by George and
Ramasastry (1975), Appa Rao and Vijayaraghavan
(1983) and Rajendra Prasad and Datar (1988).

3.2. Drought monitoring by NRSA

Prolonged and severe msteorological drought culmi-
nates into agricultural drought. Vegetation is a useful
and important parameter to detect agricultural drought
over a region. This can be effectively monitored by
satellite sensors. Choudhary (1988) discussed the role
of satellites in drought asscssment and monitoring over
Sahel. In photosynthesis process. the atmospheric
carbondioxide and the leaf weter are combined to
produce sugar with the help of incident solar energy
in the visible (VIS) band. Part of this incident radiation
is reflected and the rest is absorbed by the leat. How-
ever, the solar radiation in thz nezar infrared (NIR)
band scatter very much within the leal, due to difference
in the refractive indices between the hydrated czlls and
the inter-cellular air space. Due to this scattering, a
large amount of incident solar radiation is reflected
back into the atmosphere. The contrasting behaviour
of green leaves in the above two spectral bands permits
tc menitor the status of vegetation with the help of
Advanced Very High Resolution Radiometer (AVHRR)
of the satellite, The spectral reflectance in visible
(VIS) and near infrared regions (NIR) suggest that the
normalised difference (NDVI) cculd reflect the green
leaf area index of the crep as -

NIR VIS
NDVI -
NIR |- VIS

The polar orbiting NOAA satzllite provide AVHRR
data for computation of NDVI based on daily global
observatiors. The NDVI is used to represent  the
vegetation status and thereby the moisture stress faced
by the crops which reflects the drought. To minimise
the effects like atmespheric clouds, asrosols, water
vapour and to make NDVI to be an effective indicator
of vegetation, temporal composition was done. NRSA

used NOAA-9 satellite observaticns for generation and
preparetion of fortnightly composited NDVI maps.
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FABLE 2(a)

Fortnightly progressive drought conditions during the year 1989 based on aridity anomaly values of TMD
[For severity level refer Table 1(c)]

171

17 Jun I Jul 15Jul  29Jul 12 Aug 26 Aug 9Sep 23Sep 7 Oct
(1) Andhra Pradesh
(1) Coastal AP, NA M NA NA NA M NA NA M
(2) Rayalaseema M/MO M NA NA M S S NA M
(3) Telangana NA'MO M NA NA NA NA M S NA
(2) Gujarat
(1) Gujarat Region NA M NA NA M NA M M MO
(2) Saurashtra & Kutch  M;S M'S M/S NA M/S S S MO MO
(3) Karnataka
(1) Coastal Karnataka NA NA NA NA NA NA M NA NA
(2) South Interior NA'M MO NA NA M S NA NA NA
Karnataka
(3) North Interior M NA NA NA M S NA NA M
Karnataka
(4) Maharashtra
(1) Konkan & Goa NA NA NA NA M NA NA NA NA
(2) Madhya Maharashtra NA/MO NA NA NA M NA M NA M
(3) Marathwada M/MO NA NA NA M NA M M MO
(4) Vidarbha NA'M NA M NA M NA M M MO
(5) Orissa
(1) Orissa NA'S S NA S NA NA NA NA M
(6) Tamil Nadu & Pondicherry
(1) Tamil Nadu & NA M NA NA M S NA NA M

Pondicherry

Note — For symbols please see Table 1 (c).

NRSA (Anonymus 1989, 1990) monitors drought
once in two weeks during kharif season [Table I(a)].
In the bulletin, the diought conditions based on com-
parative analysis of current picture with those of the
previous years, the level of drought over the State and
the vegetation trend development are indicated. The
severity level is based con delay in vegetation growth,
anomaly values and is monitored in three levels, namely,
“mild, moderate and severe™ [Table 1(b)].

4. Monsoons of 1989 and 1990

India had three conszcutively good monsoon rainfall
years, ie., 1988: (16%,), 1989 (1%) and 1990 (6%).
During 1989, the country as a whole received 1%, above
normal rainfall with 779 area of the country under
excess/normal monsoon rains. This was a year with no
major floods except on one occasion over the State of
Maharashtra, The seasonal rainfall was in excess in

six, normal in twenty three and deficient in two meteo-
rolegical sub-divisions of the country (Gupta et al.
1990). The year 1990 monsoon was the third consecutive
good year, with drought prone areas, namely, Gujarat
and Rajasthan States receiving atleast normal rainfall,
No major floods were reported over the country as a

whole. The seasonal rainfall was in excess in seven ,
normal in twenty-five and deficient in three meteorolo-
gical sub-divisions. The total rainfall of the country
was 6% above normal (Gupta er al. 1991). :

5. Results and discussion
5.1. Analysis of rainfall

In this study, the meteorological sub-divisions
considered are part of northwest and peninsular re-
gions of India. The summer monsoon rainfall of
these regions are highly variable in time and space.
Parathasarathy e al. (1987, 1988) studied the droughts
and floods over the region by standard deviate of
the rainfall for the classification. However, IMD
uses percentzge departure from mean as the criteria for
classification of rainfall, as excess (+ 209 or more),
normal (+19 to—199%,), deficient (—20 to —599%,)
and scanty (—609%, or less). In the present analysis,
the authors have adopted the IMD's classification
for comparison of rainfall with drought indices of
NRSA.

The weekly, monthly and seasonal rainfall defi
ciencies over districts and meteorological sub-divisions
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TABLE 2 (b)

Fortnightly progressive drought conditions during 1991 based on aridity anomaly values of IMD
[For severity level refer Table 1 (¢))

17 Jun I Jul 15Jul 29 Jul 12 Aug 26 Aug 9 Sep 23Sep 7 Oct

(1) Andhra Pradesh

(1) Coastal A.P. NA MO NA MMO NA M NA MO NA
(2) Rayalaseema NA NA NA MO NA MS NA NA/S NA
(3) Telangana NA M MO NA M NA NA'M NA M NA

(2) Guijarat
(1) Gujarat Region M NA MOS NAS NA NA NA M NA'M
(2) Saurashtra & Kutch M NA S 8 MO S NA NA M M
(3) Haryana

(1) Haryana, Delhi &
Chandigarh M NA NA NA NA M NA NA NA

(4) Karnataka

(|) Coastal Karnataka NA NA NA NA NA NA NA M NA'M
(2) North Interior
Karnataka NA NA NA MO NA M NA S MO/S
MO

(3) South Interior
Karpataka NA NA NA MO NA NA/S NA S S

(5) Madhya Pradesh
(1) West Madhya

Pradesh NA NA M NA NA NA'M NA NA'M NAM
(2) Fast Madhya
Pradesh NA NA NA NA NA NA'/M NA M NA'M

(6) Maharashtra

(1) Konkan & Goa NA NA NA NA NA NA NA NAM M
(2) Madhya Maharashira NA NA S NA NA NA MO S NA'S
(2) Marathwada NA NA MO'S NA NA NA NA M NA
{4) Vidarbha NA NA NA NA NA NA N M NA

(7) Orissa

(1) Orissa NA MO NA NA NA NA NA NA'M NA

(8) Rajasthan
(1) West Rajasthan M NA M'MO S NA M NA M M
(2) East Rajasthan M NA M S NA NA NA NA NA

(9) Tamil Nadu
(1) Tamil Nadu &
Pondicherry M NA NA M NA'M MS NA MO S

(10) Uttar Pradesh

(1) East Uttar Pradesh MO NA NA NA NA M NA M M

(2) Plains of West M NA NA NA NA NA'M NA NA'M M
Uttar Pradesh

(3) Hills of West
Uttar Pradesh M NA NA NA NA NA NA NA M

Note- For symbols please see Table |¢),
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of the country were analysed for spatial and temporal
variations. The results are discussed below for
meteorological sub-divisions of India covering the
States under consideration.

5.1.1. Seasonal rainfall

The seasonal rainfall deficiencies indicated that during
the years 1989 and 1990, major areas of the country
received excess to normal rainfall. During 1989,
the seasonal rainfall was normal tc excess over the
whole country, whereas in 1990 three meteorological
sub-divisions received deficient rainfall (Gupta er al.
1990, 1991).

5.1.2. Monthly rainfall

During the year 1989, June rainfall was normal to
excess. In the other months, three to five (out of
fourteen) meteorological sub-divisions were affected
by deficient to scanty values. The year 1990 showed
occurrence of deficient rainfall over many sub-divisions
and the maximum areas were affected in the month
of July.

It was seen that in the year 1990, more arcas were
affected by deficient to scanty rainfall, when compared
to the year 1989, though the total Indian rainfall in
both the vyears was above normal.

5.1.3. Weekly rainfall

The analysis on weekly basis, showed a number
of continuous dry spells of two weeks or more, with
scanty rainfall. Orissa, Rayalaseema and North In-
terior Karnataka, showed sometimes continuously
dry spells of 5 weeks. Shorter dry spells were seen in
all the States more or less during August and to a
certain extent in July 1989. August morth generally
showed major spells of dry weather.

During 1990, some States, like, Gujarar showed dry
spells of more than 10 weeks and 5 or more weeks over
Coastal Andhra Pradesh and Uttar Pradesh. In
general the year 1990 had more dry spells than 1989,

5.1.4. Analysis of fortnightly district rainfall

In order to obtain more details on spatial scale,
cumulative district rainfall on fortnightly basis was
studied. The station network of districts varied
from year to year and maximum available data was
used in the analysis. It was seen that during June
1989 Tamil Nadu was the worst affected State with
more than 509 of the districts under deficient to
scanty rainfall.

During 1990, deficient to scanty rainfall occurred
over large number of districts covering Haryana,
Tamil Nadu, Rajasthan and Uttar Pradesh.

5. 2. Analysis of drought conditions

The rainfall analysis of IMD was based on station-
wise data and the results were reported on meteorologi-
cal sub-division scale, whereas the bulletins of NRSA
were on districtwise basis. In case, a particular area
was affected by two types of drought, say mild to

moderate, then it will be indicated as a combined one.

5.2.1. Drought bulletins of IMD

The weekly aridity anomaly values, are given in Tables
2(a) and 2(b) for the years 1989 and 1990 respectively. Tt
was seen that there were spells of continuous droughts
(moderate to severe) of more than two fortnights.
Saurashtra & Kutch even indicated spells of five con-
secutive fortnights of drought during 1989. During
1990, Saurashtra & Kutch, North Interior Karnataka
and Madhya Maharashtra were worst affected. The
results suggest that though the overall performance
of the monsoon for the country as a whole was very
good, certain areas were nevertheless affected by mode-
rate to severe drought conditions.

5.2.2. Drought bulletins of NRSA

It is seen from NRSA bulletins that during the year
1989,  limited number of districts were affected by
drought mainly in the fortnight ending on 17 June.
The rest of the monscon period was generally devoid
of any major drought. Some States like Andhra
Pradesh, Karnataka and Tamil Nadu showed spells
of mild to moderate droughts, during August and Sep-
tember. The picture during the year 1990 was slightly
different. In Andhra Pradesh, Gujarat, Tamil Nadu,
Karnataka and Rajasthan a number of districts were
affected by drought conditions. Tamil Nadu and Karna-
taka indicated that droughts continued over many
districts during the whole season whereas Andhra
Pradesh, Gujarat and Rajasthan showed them to be
prevalent during the later part of the monsoon season.

3.2.3. Movements of drought

The temporal distribution of different drought
intensities as moenitored by NRSA during the years,
1989 and 1990 indicated less spatial and femporal
droughts, whereas IMD analysis suggested that more
parts were affected by droughts. Gujarat appeared
to be badly affected during both the years.

5.2.4. Relation between. the drought bulletins issued
by IMD and NRSA

Relationship  between indices used by these two
orgrnisations for two years data was examined by
rank correlation method. The correlation indicated
that they were highly significant (999 level), suggesting
a high degree of association between these two drought
estimates.

6. Qualitative assessment of rice crop production during 1989

An attempt was made to compare the rice crop pro-
ducticn of the six States during the year 1989 with
the data of previous years. For this purposes the
short time average of 1981-1988 was compared with
the provisional values of 1989 for five States out of
six. It was observed that the only, State Tamil Nadu
showed a decrease in rice crop production in 1989
and other States showed an increase in their value.

In case of Tamil Nadu, except for the first two fort-
nights, NRSA index indicated non-drought whereas
IMD suggested mild to severe drought., However,
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Gujarat indicated non-drought conditions by NRSA
throughout the season, whereas IMD suggested mild
to severe conditions on many occasions. The drought
conditions were mostly confirmed to Saurashtra &
Kutch areas, this State produces less rice as comparad
to other districts cf thz State, This could possibly
be u reason for higher average production of Gujarat
inspite of wider drought affected areas.

An interssting observation noted during August
1990 was that while IMD/NRSA indices showed the
normal conditions, whereas heavy floods ¢ecurred over
Gujarat causing hzavy loss of the standing crops. An
insight into the above analysis would svggest that
IMD index based on meteorological inputs neads
te be integrated with agricultural drought. keeping in
view the impact of latest advancements in technological
trend (Appa Rao and Srivastava 1990).  The cxtent
to which this can be incorporsted in NRSA index.
which is based on retrieval of data through satellite,
requires further detailed study.

7. Conclusions and suggestions

The above study has brought out the following

results :

(i) During monsocn seasons of the ycars 1989 and
1990, India received normal to excess rainfall. However,
weekly, fortnightly and monthly rainfalls of the districts
and meteorological sub-divisions indicated deficient
to scanty values over certain areas during scme periods.

(ii) The IMD analysis revealed the drought cenditions
during certain periods, whereas non-drought conditions
were mainly notice over major parts of the country
by NRSA. However, high corielation between these
indices ('MD/NRSA) has been found.

(iii) Preliminary crop estimates of 1989 indicated
higher yields in four States and lower value in one State.
with reference to the mean value based on previcus
eight vears data.

An integrated appreach is needed to cover both
meteorological as well as agricultural drought. parti-
cularly to damages suffered by floods. for better results.
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