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The impact of the drought of the summer monsoon of
2015 has been particularly large in the Marathwada
region of Maharashtra which is now facing unprece-
dented water scarcity and more than one thousand
farmers have committed suicide. Substantial losses in
the production of important crops such as pulses have
been reported in Maharashtra. Naturally, the
Marathwada drought has been extensively covered in
the print and electronic media. The large impact has
been attributed to exceptionally large deficit in rain-
fall by some journalists and politicians, to two succes-
sive droughts in 2014 and 2015 by some and some
have considered the drought to be a manifestation of
climate change. In this article, we present an analysis
of the Marathwada monsoon rainfall from 1871 on-
wards and show that the quantum of deficit rainfall in
2015 as well as the occurrence of two successive
droughts is within the observed variability of the
Marathwada rainfall and the 2015 monsoon rainfall
also cannot be considered as a manifestation of cli-
mate change. Thus the large impact of 2015 is a reflec-
tion of poor management of water resources and
agriculture, despite the long experience of rainfall
variability. We show that the prediction by the India
Meteorological Department (IMD) of a high chance of
below normal rainfall or a drought on the all-India
scale and the occurrence of EI Nifio could have been
used to anticipate large deficiency in Marathwada
rainfall. We suggest that the problem of lack of pro-
gress in the production of rainfed crops such as pulses
has to be addressed by using the rich rainfall data sets
in the country to generate information which can be
used by farmers and agricultural scientists to identify
strategies, which are tailored to the entire spectrum of
rainfall variability experienced. Towards this end an
interactive software ‘RAINFO’ has been developed at
the Indian Institute of Tropical Meteorology ((11TM),
Pune to provide location-specific information derived
from the IMD data, on the desired facets of rainfall
variability.

Keywords: Marathwada drought, rainfall variability,
rainfed agriculture, RAINFO.

THE Indian summer monsoon has been playing truant in
the last four years with a large deficit in the rainfall in
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2012 and much larger deficits in 2014 and 2015. This is
not surprising in view of the well-known link of the
Indian summer monsoon rainfall (ISMR) with EIl Nifio
over the Pacific Ocean'™, because an El Nifio event was
developing during the summer monsoon in these three
years. In fact, for each of these three monsoon seasons
(June—September), El Nifio had been predicted and the
India meteorological Department (IMD) had predicted
that ISMR would be below normal, i.e. less than the long
term mean®’, with the amplitude of the predicted deficit
being the largest for 2015 and smallest for 2012. While
the observed deficit in ISMR for 2012 was 7% of the
long-term mean rainfall, the seasons of 2014 and 2015
turned out to be droughts (deficit > one standard devia-
tion, which for ISMR is about 10% of the long term aver-
age) with deficits of 12% and 16% respectively.
Maharashtra was one of the states which experienced a
severe rainfall deficit during the drought of 2015, ranging
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Figure 1. Map showing the rainfall anomalies for the meteorological
subdivisions for the summer monsoon of 2015 and the location of
Marathwada sub-division in Maharashtra state.
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from 20% for Vidarbha to as high as 40% for the
Marathwada region (Figure 1). For the 2015 kharif sea-
son, a massive decrease of 52% (compared to the normal)
in the production of pulses in Maharashtra, with a de-
crease of 42% in tur dal, 71% in moong dal and 74% in
urad dal was reported®. An adverse impact of deficit rain-
fall on pulse production is inevitable because the cultiva-
tion of pulses in India is primarily rainfed (with 16.1% of
the cultivated area under irrigation for the country as a
whole and only 8.7% for Maharashtra®) making the pro-
duction critically dependent on the rainfall received in a
given year'®*?. In fact, the variability of the monsoon
rainfall (ISMR) continues to have a large impact on the
Indian food grain production®®, because over half the area
under cultivation is still rainfed®,

The impact of the drought of 2015 was particularly
large for the Marathwada region. The gravity of the situa-
tion is reflected in that more than one thousand farmers
of that region have committed suicides this year. There
have been many discussions about the 2015 monsoon,
particularly that over Marathwada, in the electronic and
print media. The large impact has been attributed to the
Marathwada rainfall deficit being exceptionally large in
2015, with statements like ‘This is the worst drought in
the history of Marathwada’'*. It has also been suggested
that the impact of the Marathwada drought of 2015 was
particularly large because it followed the drought of
2014. Also, with the growing awareness of global warm-
ing associated with enhancement of the concentration of
greenhouse gases, there is widespread concern about the
impacts on various facets of climate and weather in India
and the impact of the 2015 drought is believed by some
to be large because ‘We have not taken climate change
seriously. We obviously cannot control it but we can at
least make provisions to adapt to it. The global focus
must now shift to climate change and our planning must
be modelled accordingly, which is sadly not happen-
ing.”*

Thus it is important to determine whether, the monsoon
rainfall of 2015 over Marathwada and/or the occurrence
of two successive droughts, was indeed exceptional and
also whether the experience of 2015 over Marathwada
can be attributed to climate change. If it turns out that the
quantum of deficit of the monsoon rainfall of 2015 or
the occurrence of two successive droughts, is well outside
the range of the variability of the rainfall observed so far,
or that climate change could have played an important
role in the monsoon rainfall experienced this year over
Marathwada, the drought of 2015 can be considered as a
one-off event and the poor management of the drought by
all concerned, can be attributed to lack of experience.

In this article, we present an analysis of the year-to-
year variation of the rainfall for the period 1871-2015
over Marathwada to assess whether the monsoon of 2015
over Marathwada was exceptional or a manifestation of
climate change. This analysis indicates that neither the
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rainfall deficit of the Marathwada monsoon of 2015 nor
the occurrence of two successive years of drought can be
considered as an exceptional behaviour of the weather
gods. In fact, a much larger deficit (54%) in the monsoon
rainfall over Marathwada occurred in the drought of 1972
which succeeded the Marathwada drought of 1971. We
also consider the climate change component, i.e. the ob-
served long period trends for the monsoon rainfall over
the country as a whole as well as over Marathwada and
other meteorological subdivisions and show that the
drought of 2015 cannot be considered as a manifestation
of anthropogenic climate change.

Why then, despite the long experience of monsoon
variability, and despite the recommendations given by
scientists such as the crops/varieties to be cultivated, has
the management of the 2015 drought, by the administra-
tors and politicians in charge of policy decisions and im-
plementation, been so poor? The current strategies of
agriculture and water management which led to an unac-
ceptably large adverse impact on farmers, are obviously
inappropriate, and better strategies have to be identified
and implemented. In fact, the water scarcity in the
Marathwada region in the aftermath of the drought of
2015 is far more severe than that associated with the
more severe deficit rainfall in 1972, which also suc-
ceeded a drought in the previous year. In 1972, food and
fodder was the predominant concern, not water and there
were no suicides by farmers™. This time around, major
concerns are water and fodder'®. Even the impact of the
much milder drought of 2012 was much larger than that
of 1972 (ref. 16), even though in the 40 years since 1972,
Maharashtra had built a large number of big dams, osten-
sibly to help these drought-prone areas and there has been
a marked increase in groundwater use facilities. The large
impact of the relatively mild drought of 2012 and the lar-
ger impact of the drought of 2015 have been attributed to
an increase in the area under sugarcane in Maharashtra
from 1.67 lakh ha in 1970-71, to 10.22 lakh ha in 2011~
12 (Maharashtra Economic Survey 2012-13) and
10.48 lakh ha in 2014-15 (ref. 8) and increase in water
intensive activities such as running of sugar mills and
beer factories in the drought-prone districts'®. While the
area under pulses in the kharif season of 2015 decreased
by 19% and production by 52%, the area under sugarcane
was over 100% of the normal in 2014-15 as well as
2015-16 and the production was 9% above normal in
2014-15 and only 13% below normal in 2015-16 (ref. 8).
This is an implication of the priority given to sugarcane
relative to other crops such as pulses in the current policy
of irrigation water allocation. Clearly, the changes over
the last four decades in the strategies of agriculture as
well as water resource management including, use of
flow irrigation water'’, exploitation of ground water and
allocation to cultivation of sugarcane, water intensive ac-
tivities, etc. have to be examined and sustainable strate-
gies consistent with the natural variability of the rainfall
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have to be identified and adopted. However, here we
restrict the discussion to only agricultural strategies.

One of the major impacts of the 2015 drought for con-
sumers has been the high prices of pulses and particularly
of tur dal (pigeonpea) which reached an all-time high of
Rs 200 per kilo. The price rise of pulses in the last few
years is considered to be a reflection of the demand-
supply gap due to simultaneous occurrence of low stock
levels, less domestic production and, to some extent,
speculative activity in the commodity futures market™.
India is the largest producer and consumer of pulses in
the world, yet the yield is almost the lowest in the world
(higher than only of Niger) and less than half of that of
Canada, US and Russia™. Over the years, the demand—
supply gap for pulses has continuously increased because
the growth rate of the population is much higher than that
of pulse production®?. In fact, whereas a phenomenal in-
crease in the Indian food-grain production was achieved
during the green revolution associated with a rapid in-
crease in yields due to the adoption of new dwarf, high-
yielding and fertilizer-responsive varieties (of rice and
wheat, in particular), and a substantial increase in fertil-
izer application, irrigation and pesticide application, there
has been hardly any increase in the production of rainfed
crops such as pulses in the country since the fifties™®*.
The sharp contrast between the observed variation of the
yields of tur and wheat since the fifties is clearly brought
out in Figure 2. ‘Due to stagnant production of pulses
over several decades, the net per capita availability has
come down from about 60 g/day/person in 1951 to about
31 g/day/person (Indian Council of Medical Research
recommends 65 g/day/capita) in 2005” (ref. 11). Sharma
and Jodha'® have pointed out that ‘At present, a very
large fraction of the area under pulses is confined to unir-
rigated areas, and in future the bulk of pulse production
will continue to come from unirrigated areas. Therefore,
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Figure 2. Variation during 1950-2014 of all-India yields of wheat
and tur (based on data from ref. 9).
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any plan for increasing pulse production in the country
should be based on a long-term approach for improved
productivity of these crops under rainfed farming condi-
tions’. Pulses have long been considered as a poor man’s
source of protein*. Thus, for ensuring nutritional secu-
rity, it is important to consider whether the knowledge of
rainfall variability on different spatio-temporal scales and
the increasing ability to predict the variability can be
used to identify strategies for enhancement of the produc-
tion of important rainfed foodgrains such as pulses.

In this article, analysis of the year-to year variation of
the rainfall for the period 1871-2015 over Marathwada to
assess whether the monsoon of 2015 over Marathwada
was exceptional. This year, it had been predicted that the
El Nifio would develop over the Pacific during the sum-
mer monsoon and that there was a high probability of
deficit rainfall/ drought over the country. We examine
whether we could have made an educated guess and
anticipated a deficit in rainfall over Marathwada and per-
haps a drought, on the basis of these predictions. We con-
sider next whether 2015 monsoon can be considered to be
a manifestation of climate change by examining the ob-
served climate change component, i.e. long period trends
for the monsoon rainfall over the country as a whole as
well as over Marathwada and other meteorological subdi-
visions vis-a-vis the observed variability of the monsoon
on year-to-year and decadal time scales. We then discuss
the way forward involving the use of knowledge and pre-
diction of rainfall variability for enhancement of rainfed
agricultural production.

Data

Monthly rainfall data for Marathwada sub-division for the
period 1871-2013 have been taken from the website of
the Indian Institute of Tropical Meteorology, Pune,
www.tropmet.res.in/. The data have been updated to 2015
using the data from the website of the India Meteorologi-
cal Department, New Delhi, www.imd.gov.in/. We use as
index of the phases of the El Nifio and the Southern
Oscillation (ENSO), the sea surface temperature of the
equatorial central Pacific (the Nifio 3.4 region: 170°—
120°W, 5°S-5°N). The monthly data for Nifio 3.4 SST
have been taken from http://www.esrl.noaa.gov/psd/
gcos_wgsp/Timeseries/Data/nino34.long.data.

Variability of the rainfall over the Marathwada
region

For identification of the strategies which are appropriate
for the rainfall variability of the region, detailed informa-
tion on the climatological probability of droughts, excess
rainfall seasons, the frequency distributions of the rainfall
as well as information on the assured rainfall at a given
level of probability (say 90%) is required on seasonal,
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Table 1. Various measures of variation of monthly and seasonal rainfall (cm) over Marathwada during summer monsoon season
Month Mean SD Minimum Maximum Minimum assured rainfall at 75% Minimum assured rainfall at 90%
June 13.8 6.0 1.8 31.6 8.9 6.8
July 18.4 8.1 2.3 51.8 12.4 8.5
August 17.0 9.4 2.3 49.3 11.7 7.4
September 19.6 9.9 2.9 48.8 1.7 0.5
JIAS 68.7 19.2 24.3 130.1 54.6 47.6
300 * = T mean), are shown in Figure 3. As most of the annual rain-
Verage ", - - - -

& Aversge-1SD fall (83%) is received during June to September, i.e. the
20H @  Average+I1SD summer monsoon season, we first consider the variation
200 of the summer monsoon rainfall over Marathwada.

T 4+

150 -

Rainfall (mm)

100 - ®

Leeped iy

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 3. Mean monthly rainfall and the range given by mean-
standard deviation and mean + standard deviation.

e Mean =68.7 cm ; SD = 192 cm

20+

70 80 9 100 110 120 130 140
MW Rainfall (cm)
* Excess rainfall Scasons s

2015 ;412 em
s * Drcficit rainfall scasons

Figure 4. Frequency distribution of the June-September rainfall for
Marathwada.

monthly and even smaller timescales®®?. It should be

noted that while rainfall variability plays a critical role in
rainfed agricultural production, for assessing the actual
impact of rainfall variability on agricultural yields, it is
necessary to consider the impact of rainfall variability on
the soil moisture which depends on the type of soil. We
present the basic information on rainfall variability for
the case of Marathwada rainfall in this section. The
monthly mean rainfall over Marathwada and its typical
range of variation (i.e. one standard deviation around the
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Variation of the seasonal rainfall

The average June-September rainfall of the Marathwada
region is 68.71 cm and its standard deviation is rather
large, being 27% of the average rainfall (Table 1). The
frequency distribution of the seasonal rainfall (Figure 4)
is skewed with a long tail towards high rainfall. It is seen
that the chance of seasonal rainfall being as low as in
2015 is small. However, the seasonal rainfall was lower
in six years in the period 1871-2015 (i.e. about 4%
chance) and hence rainfall being as low as in 2015 is not
unprecedented. The minimum assured rainfall at 90% and
75% are indicated in Table 1.

We define a drought as a monsoon season with the
anomaly (difference between the rainfall and its long-
term mean) of the summer monsoon rainfall, normalized
by its standard deviation less than —1. An excess rainfall
season is defined as one with the normalized anomaly
>1.0. The other categories, i.e. below normal, normal and
above normal are defined on the basis of the normalized
anomaly being between -0.5 and -1.0, -0.5 and 0.5 and
0.5 and 1.0 respectively. The interannual variation of the
normalized anomaly of the summer monsoon rainfall
over Marathwada, is shown in Figure 5 for 1871-2015 in
which droughts and excess monsoon seasons are indi-
cated with distinct colours. It is seen that the frequency of
droughts exhibits a large variation on the decadal scale. It
is interesting that the epoch of 1940-1970 did not have
any droughts over Marathwada and during 1999-2011 al-
though there were several years of below normal rainfall,
there were no droughts.

Table 2 gives the number of years in which the sea-
sonal rainfall was in each of the categories. Marathwada
is a drought-prone region®** and during the 145 years,
there have been 22 droughts implying a probability of
occurrence of 15%. Thus the chance of a drought in this
drought-prone area is close to 1 in 6 to 7 years. In fact, in
the period considered, there have been five episodes of
two consecutive droughts, viz. 1876-77, 1920-21, 1971
72, 1984-85, 2014-15. It is clear that neither the severity
of the drought of 2015 nor the occurrence of two
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Table 2. Number of years for various categories for Marathwada monthly and seasonal rainfall
Marathwada standardized rainfall anomaly
Months/category <=-1 -1to-05 -0.5t0+0.5 +0.5to +1 >=+1 Total
June 26 21 51 16 31 145
July 22 25 60 18 20 145
August 23 25 64 6 27 145
September 29 19 55 16 26 145
JIAS 22 27 55 13 28 145
JIAS
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Figure 5. Variation during 1871-2015 of the anomaly of the summer monsoon rainfall over Marathwada, nor-
malized by the standard deviation. Years with magnitude of normalized anomaly greater than 1 are marked red for
droughts, i.e. for negative anomalies and green for excess rainfall seasons, for positive anomalies.

droughts in consecutive years is unprecedented. In fact,
in the drought of 1972 which followed that of 1971, the
rainfall deficit over Marathwada was much larger.

Variation of the monthly rainfall during the
summer monsoon season

Information on the variability of monthly rainfall is im-
portant for water management. The variation of Marath-
wada rainfall on the monthly scale is rather large (Table
1, Figure 3) and that at individual locations in Marath-
wada is even larger, with that of June rainfall being more
than 100% at many locations and the rainfall in other
months varying between 50% and 100% (ref. 24). The
interannual variation of the rainfall over Marathwada in
each of the four months of the summer monsoon season is
shown in Figure 6 a. The variation of July and August
rainfall is interesting, in that there have been periods of
several years in which no droughts occurred. The fre-
quency distributions for the monthly rainfall are shown in
Figure 6 b. It is seen that during the monsoon season of
2015, the monthly rainfall is exceptionally low only in
July 2015. The minimum assured rainfall at 90% and
75% are indicated in Table 1.
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The frequency distributions for the different months
are rather different (Figure 6 b). The distribution is rather
flat in September with almost equal probability of rainfall
over 6-34 cm range. It is seen that during the monsoon
season of 2015, the monthly rainfall is exceptionally low
only in July 2015 with only two years in the 145 years
considered, with lower July rainfall (Figure 5). There was
a marked difference between the June rainfall of the sum-
mer monsoon seasons of 2014 and 2015 which were both
droughts. While in June 2014, very little rainfall was re-
ceived (Figure 6 b), the rainfall was close to the average
in June 2015. However, the satisfactory June rainfall in
2015 did not turn out to be a boon. Although it led to re-
cord kharif crop sowing, almost all of this was lost in
face of extended dry spell that lasted nearly all of July
and continued in early August®. The dismal July rains in
the region led to a dilemma for the farmers: Should they
undertake second cropping for kharif in the expectation
of rain, or keep fields fallow for rabi plantation? Some
efforts were made to make seeds available to the farmers
for a second sowing. By this time, a high likelihood of
below normal rainfall or a drought on all-India scale was
already predicted by IMD and the El Nifio was already
strong. Had they been informed of a high chance of a
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drought over Marathwada in this situation (as shown in
the next section), the funds and efforts involved in the
second sowing could have been saved.

It would also be useful if, after the season has begun, it
is possible to use the information on how the monsoon
has fared up to that point for suggesting the likely rainfall
in the succeeding month or the rest of the season. Figure
7 shows the scatter plots of the rainfall in a given month
versus that in the succeeding month or in the rest of the
season. It is seen that the scatter is very large for each
case and the rainfall in any month or remaining months of
the season is poorly correlated with that in the previous
month/months. Hence the rainfall over Marathwada has
no memory on monthly scale to allow an educated guess
about the rainfall in one month or the remaining part of
the season on the basis of the rainfall in the previous
month or earlier part of the season.

Relation of seasonal rainfall over Marathwada
with ISMR and El Nifio

While forecasts of the Indian summer monsoon rainfall
(ISMR) region can be generated with dynamical models
of the atmosphere—ocean system, it is not possible to gen-
erate such forecasts of the seasonal rainfall of a region as
small as Marathwada, because the spatial and temporal
scales are inexorably linked. We, therefore attempt to as-
sess whether anything more than the climatological in-
formation about the likelihood of the different categories
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of the rainfall over Marathwada (Table 2) such as below
normal, droughts, etc. can be learnt from the forecasts
made for ISMR. The seasonal rainfall over Marathwada
is highly correlated with ISMR, with the relationship ex-
plaining 36% of the variation of Marathwada rainfall. We
take ISMR to be normal if the anomaly (normalized by
the standard deviation) is between —-0.5 and +0.5 standard
deviation, and to be below normal or a drought if the
magnitude of the anomaly is < -0.5. Analogously, ISMR
is taken to be above normal or excess rainfall season if
the normalized anomaly is >0.5. The frequency distribu-
tion of the categories of droughts, below normal, normal
as well as above normal and excess rainfall of Marath-
wada for three categories of ISMR, i.e. (i) below normal
or drought, (ii) normal and (iii) above normal or excess
rainfall are shown in Figure 8 a.

It is seen that when ISMR is below normal or a
drought, the likelihood of a drought over Marathwada is
doubled, relative to the climatological likelihood when all
years are considered and that of below normal is also
substantially increased. At the same time, there is no
chance of excess rainfall over Marathwada and almost no
chance of above normal rainfall. On the other hand, when
ISMR is above normal or in excess, the chance of
Marathwada rainfall in the categories of above normal
rainfall or excess rainfall is double that when all the years
are considered. For 2015 the IMD had predicted in June
that there was a 93% chance of below normal rainfall or a
drought for the monsoon over the country as a whole.
Hence we should have expected a high chance of below
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Figure 7. Scatter plots of standardized rainfall anomalies of consecutive months in the summer monsoon season and for rainfall

of part of the season versus the remaining part of the season, for Marathwada.

normal rainfall or drought for Marathwada as well and
planned for facing the deficit in rainfall.

An EIl Nifio, which is a strong warm phase of ENSO,
had also been predicted for 2015. The seasonal rainfall
over Marathwada is also well correlated with Nifio 3.4
SST with the relationship with Nifio 3.4 SST, explaining
25% of the variation of Marathwada rainfall. The fre-
quency distribution of the categories of droughts, below
normal, normal as well as above normal and excess rain-
fall of Marathwada are shown for three categories of the
anomaly of Nifio 3.4 SST, viz. warm events with SST
anomaly >0.5°C (i.e. weak El Nifio or El Nifio), cold
events with the SST anomaly < -0.5°C and neutral events
with SST anomaly between —-0.5 and +0.5, in Figure 8b.
It is seen that the chance of Marathwada rainfall being in
the below normal or drought categories is almost doubled
for warm events, relative to the chance when all the
events are considered. At the same time, the chance of
above normal or excess Marathwada rainfall is reduced to
less than half of that when all the years are considered.
On the other hand for cold events, the chance of Marath-
wada rainfall being in the above normal or excess rainfall
categories is almost doubled, relative to the chance when
all the events are considered. Thus, since an El Nifio (a
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very warm event) had been predicted for the 2015 mon-
soon season (incidentally also for the 2014 season) a
large deficit in Marathwada should have been expected in
each of these years.

Climate change component of monsoon
variability

An important question to address is whether the 2015 ex-
perience of the summer monsoon over the country as a
whole or over Marathwada can be considered as a mani-
festation of the impact of global warming associated with
enhancement of the concentration of greenhouse gases in
the atmosphere, i.e. anthropogenic climate change. The
variation of the anomaly of the global mean surface tem-
perature during 1870-2015 is shown in Figure 9. It is
seen that over the scale of about a century there has been
a substantive increase in the global mean surface tem-
perature. We expect the climate change component of
global warming to be manifested as a change over time-
scales of about a century. The variation of the anomalies
of ISMR and the summer monsoon rainfall over Marath-
wada along with the global mean temperature anomalies
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during 1871-2015 are shown in Figure 9. It is seen that
the variation of ISMR and Marathwada monsoon rainfall
is dominated by interannual variation and there is hardly
any change in the mean rainfall over the last 145 years.
Guhathakurta and Rajeevan®® have shown that there is no
statistically significant trend in the mean ISMR, i.e. the
summer monsoon rainfall over the country as a whole
during the period 1901-2003. They have also shown that
the monsoon rainfall over Marathwada region has no de-
creasing trend; rather it shows an increasing trend at the
minuscule rate of 0.026 cm per year (which is not statisti-
cally significant). Note that the standard deviation of the
year-to-year variation of seasonal rainfall is 19.2 cm, sug-
gesting that the long-term trend will not be perceived in
the presence of such large interannual variation.

Although we have focused on Marathwada rainfall in
this article, given the recent propensity to attribute every
noteworthy weather/climate event including variation of
the monsoon rainfall to anthropogenic climate change,
particularly in the media, we briefly discuss next the long
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Figure 8. a, The probability of marathwada seasonal rainfall in the
five categories, viz. deficit (normalized anomaly < -1.0), below normal
(-1.0 < normalized anomaly < -0.5), normal (0.5 < normalized anom-
aly < +0.5), above normal (+0.5 < normalized anomaly < 1.0), excess
(normalized anomaly >1.0) for three categories of ISMR, viz. drought
or below normal, i.e. normalized anomaly < -0.5, normal (-0.5 < nor-
malized anomaly < +0.5) and above normal or excess (normalized
anomaly >+0.5), for the period 1871-2015. b, same as Figure 8 a, but
for Nifio 3.4 anomaly categories warm (anomaly > 0.5°C), normal
(0.5°C > anomaly > -0.5°C) and cold (anomaly < -0.5°C).
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period trends of the monsoon rainfall over all the mete-
orological subdivisions of the country. It has been shown
that for the summer monsoon rainfall over most of the 36
subdivisions, the trends are not statistically significant?.
Significant decreasing trends are observed for three
meteorological subdivisions of which the largest trend is
for Chattisgarh. The monsoon rainfall over Chattisgarh
decreases at the rate of 15.7 cm for 100 years which is
about 1% of the standard deviation of the year-to-year
variation and 0.1% of the mean rainfall. The largest in-
creasing trend is for the rainfall over Konkan and Goa of
29.7 cm over 100 years, which is about 7% of the stan-
dard deviation and 1% of the mean. Thus while for ISMR
there is no long period trend, for the meteorological sub-
divisions also, the magnitude of the year-to-year fluctua-
tions is so much larger than the trend, that the trend, even
if significant, will not be perceived.

We note that climate change in rainfall could be mani-
fested as a change in the mean seasonal rainfall and/or a
change in the frequency of extreme events such as
droughts. The variation of the anomaly of ISMR (Figure
9) clearly shows that there is also no increasing or
decreasing trend in the frequency of droughts/excess rain-
fall seasons over this long period. However, the fre-
quency of droughts has changed over the decadal scale
with epochs of less frequent droughts interspersed with
more frequent droughts. The frequency of droughts over
Marathwada also varies on the decadal scale and there is
no prominent long-term trend in the frequency of
droughts over Marathwada (Figure 5).

Thus the monsoon rainfall variability over Marathwada
and the 2015 event cannot be considered as a manifesta-
tion of climate change. Clearly what was experienced in
2015 is a facet of the rainfall variability observed over a
period of 145 years and we should have been prepared for
such an event. It is clear that it is necessary to address the
problem of adapting to climate variability for which
plenty of information is already available as illustrated
earlier for the case of Marathwada.

Adapting to rainfall variability — way forward

We have seen that the large adverse impact of the drought
of 2015 (which is even more adverse than the impact of
the more severe drought of 1972) can neither be attri-
buted to unusual behaviour of the weather gods nor to
climate change but rather to adopting strategies for agri-
culture and water resource management which have
proved inappropriate for the rainfall variability experi-
enced by the region. Of great concern is the identification
of appropriate strategies for rainfed agriculture (which is
particularly sensitive to the variation in rainfall received),
since there is a growing realization that further gains in
productivity of crops and livestock will have to emanate
from the rainfed regions?’. Further, it has been estimated
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Figure 9.
summer monsoon rainfall over Marathwada.

that even if the full irrigation potential of the country is
realized, 50% of the net sown area will continue to re-
main rainfed. Hence, it will be necessary to increase the
productivity levels of the major rainfed crops such as
pulses to meet the ever-increasing demand of protein®.
However, unlike over the irrigated regions, the develop-
ments of agricultural science and meteorology have not
led to an overall increase in rainfed production and the
increasingly adverse impacts of droughts such as the one
in 2015 cannot be compensated for by much better pro-
duction in other years. The challenge is, therefore,
achieving a sustained increase in rainfed production.

With the rich data sets available at IMD, a great deal of
information about variability of ISMR exists and a lot of
information for sub-regions of the country can be de-
rived, as illustrated for Marathwada rainfall in this article.
The skill of predictions is rapidly increasing as witnessed
this year in prediction of the summer monsoon rainfall
over the country as a whole. Over the last three decades
there has been a rapid development of crop models which
are capable of simulating the response of rainfed crops to
variation in rainfall. However, it appears that these ad-
vances in agricultural science and the available knowl-
edge of rainfall variability and reasonable prediction skill
on the all-India scale have not led to better management
of rainfed agriculture and hence improving the lot of the
farmers.
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A critical question to address is, therefore, whether the
knowledge of monsoon variability (and reliable predic-
tions if available) can be used to enhance production of
rainfed crops such as pulses. Whether such knowledge is
useful naturally depends on the impact of the monsoon
variability on the agricultural production. A quantitative
assessment of the impact of ISMR on the Indian
foodgrain production has shown that over 57% of the
year-to-year variation in food grain production is
explained by the impact of the year-to-year variation in
ISMR*, This sensitivity of the total food grain produc-
tion to the rainfall arises because, although the area under
rainfed cultivation has decreased over the years from
around 82% in 1950, it is still slightly over 50% (ref. 9)
and the adverse impact of large deficits in ISMR has re-
mained large throughout™. It turns out that the response
of the production of food grains to the variation of ISMR
is highly nonlinear, with the benefits of a normal or good
monsoon in terms of enhancement in production in years
not being comparable to the losses for monsoon deficits
of similar magnitude®®. Furthermore, since the eighties,
this asymmetry in the response to monsoon variation,
with the magnitude of the impact of deficit rainfall on
food-grain production being larger than that for surplus
rainfall, has become even larger than in the previous three
decades™. Clearly, for overall increase in rainfed produc-
tion, it is necessary to harness strategies which lead to
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enhancement of production in years of normal or good
monsoon.

Insight into the poor response of rainfed agriculture to
increasing rainfall can be obtained from a series of stud-
ies at the International Crop Research Institute for the
Semi-Arid Tropics beginning with that of Sivakumar et
al.?%. They showed that while the yields of several rainfed
crops on the farmers’ fields increase rather slowly with
increasing growing season rainfall, the yields at agricul-
tural stations (of the same crops also under rainfed condi-
tions) increase more rapidly with increasing rainfall.
Since the yields at the agricultural stations are compara-
ble to the farmers’ yields when the rainfall is low, the
yield gap, i.e. the gap between yields achievable with ex-
isting technology at agricultural stations and yield of the
farmers’ fields, is small; the rapid increase of the yield at
the agricultural stations with increasing rainfall leads to a
large yield gaps for years with normal or good rainfall
(Figure 10 a). Bhatia et al.’’ comprehensive study of
yield gaps for different crops including pigeonpea (the
price of which reached an all-time high after the monsoon
of 2015), shows that the situation is similar to that shown
in Figure 10a. While the district average yield hardly in-
creases with the rainfall in the growing season (Figure
10 b), the potential yield simulated with models and the
yield achieved at agricultural stations increase more rap-
idly?’. In fact, they have shown that for Maharashtra, the
mean achievable yield is 136% of the obtained yield and
for Parbhani, in Marathwada the mean achievable yield is
well over twice the obtained yield. Hence it should be

5000
@ A& Millet @ Farmers’ Fields

4500 1@ Sorghum @ Research Stations

e Maize [ ] e

_(Eu 3500
<
o
=< 3000
=
o 2500
=
= 2000
3
(0] 1500

1000

A
500
L]
. Adg w1 .
o
o 200 400 600 8OO 1000 1200

Rainfall during rainy season

&~ 1500
Esg
Bis .
£ = 1000 v ae s e
s = . * 0y
£3 . . .
2% 500 % '.: .®
® 0 el g
0 T T T T
0 300 600 900 1200 1500

Average crop season rainfall (mm)

Figure 10. a, Relationship between the rainfall during rainy season
and yield of maize, sorghum, millet at 15 dryland locations in India (af-
ter Sivakumar et. al.?®); b, Variation of district yield of pigeonpea with
growing season rainfall (after Bhatia et al.?").
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possible to enhance the yields in normal or good mon-
soon years by adopting available technology.

Why is the technology not adopted by the farmers?
After all, the green revolution was achieved by farmers
implementing the recommendations of the agricultural
scientists about cultivation of high-yielding varieties,
application of fertilizers, pesticides, etc. It should be
noted that the major difference between rainfed cultiva-
tion and cultivation over irrigated areas is that while for
irrigated areas (over which substantial enhancement of
production occurred during the green revolution) the
yields are assured, in the rainfed crop yields, there are
large fluctuations from year to year in response to the in-
terannual variation of rainfall, which leads to the farmers
facing special resource constraints. Thus, for each rec-
ommendation for rainfed cultivation (e.g. regarding the
application of fertilizers and pesticides), before a decision
in favour of the recommended practice can be made, the
farmers have to assess the expected benefit in terms of
enhancement of yields/profits in the face of rainfall vari-
ability of the specific region, vis-a-vis the additional cost
involved in implementing the recommendation. Swami-
nathan®® has identified the major reasons for the lack of
progress in production of rainfed crops. In his words,
‘The research farms programmes have mostly been scien-
tist oriented and not farmer or user centered. These were
perceived, planned, implemented, supervised and evalu-
ated by scientists. The transfer of results followed a top
down approach. In this “take it or leave it approach”, the
farmer was at best a passive participant. Scientific find-
ings which became the so-called “technologies” were
born from small plots and short-term research and were
invariably not associated with critical cost-benefit stud-
ies.’

There are many cases of the farmers involved in rain-
fed cultivation not implementing the given recommenda-
tions for one or more of the reasons pointed out by
Swaminathan®. For example, for pulses, it has been
found that the farmers prefer to cultivate old varieties on
commercial scale as they like their performance and pro-
file'?. Farmers in the Anantapur region, cultivating a new
variety of groundnut, introduced in the seventies, found
that they got higher yields when they had to sow late,
well outside the sowing window recommended by agri-
cultural scientists®. Almost none of the farmers involved
in rainfed cultivation invests at the recommended level in
fertilizers and pesticides, because such inputs enhance
yields only when the rainfall is normal or good, and in
the absence of information on the chance of low rainfall,
the farmers do not consider such an investment cost-
effective. This leads to particularly poorer yields on
farmers’ fields in comparison with the yields at agricul-
tural stations in years with normal or good monsoon rain-
fall, leading to an increase in the yield gap with rainfall
as seen in Figure 10 a. Over the years as soil fertility has
declined, pest and disease incidence has increased and
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chemical inputs, whose prices have been continually in-
creasing, have become more and more essential to realize
a good yield. Hence the yield gap in normal and good
monsoons (and hence the asymmetry in response to the
monsoon) has increased since the 1980s.

We note that the chance of occurrence of very large
deficits, i.e. droughts, even in a drought-prone region
such as Marathwada is 15%. Thus the strategy adopted by
the farmers, i.e. inadequate level of investments in fertil-
izers and pesticides, while appropriate for years with
large deficits in the growing season rainfall, leads to their
not reaping benefits of a normal or good monsoon and is,
therefore, inappropriate for most of the years. This im-
plies that production could be increased in over 80% of
the years by having a strategy of application of fertilizers
and pesticides which is appropriate for the entire spec-
trum of variability experienced in the region. Clearly, an
important input for deriving the appropriate strategies for
application of fertilizers and pesticides for specific crops
for specific regions is the probability of different catego-
ries of the growing season rainfall and particularly of that
rainfall being above the threshold for which there would
be enhancement in yields with such applications. Farmers
are also often interested in the chance of wet spells in
specific periods for operations such as harvesting. The
appropriate choice of sowing window, for many crops is
associated with a minimum chance of dry spells in the
critical pod-filling stage®32,

In order to cater to such information needs, at the In-
dian Institute of Tropical Meteorology, Pune we have de-
veloped an interactive software ‘RAINFO’ which utilizes
the rainfall data for long periods from IMD and generates
information which could be readily used, for a specific
location (or any one of the meteorological subdivisions of
the country, or all-India average), for a given period
(such as a month, June-Sepetember season or the grow-
ing season for a particular crop, etc.). For the loca-
tion/region specified by the user (such as Aurangabad or
Marathwada subdivision), for the period of interest (such
as June-September or the growing season), besides the
standard statistical attributes such as the mean rainfall
and the standard deviation, information on the probability
of occurrence of rainfall in different ranges, can be
obtained from the website, http://www.tropmet.res.in/
~lip/climvar/rainfall.php. In addition, for several loca-
tions for which daily data for sufficiently long periods are
at present available with us, the probabilities of wet and
dry spells of different duration within the specified period
(such as a week, or a two-week period corresponding to a
solar nakshatra used by farmers, or a month) can be ob-
tained. An example in which RAINFO could be used to
identify an appropriate strategy is the level of investment
in fertilizers. With RAINFO, for a specific crop and a
specific region, the probability of the growing season
rainfall being in different ranges and, in particular, being
above the threshold for which fertilizers can improve the
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yield can be made available. Depending on the costs in-
volved, it may turn out to be profitable to invest in an ap-
propriate fraction of the recommended level in fertilizers,
or on an appropriate fraction of the cultivated area (de-
termined by the chance of having the growing season
rainfall above the threshold) every year so that substantial
enhancement of yields in a majority of years will offset
the lack of benefit in the few years in which the rainfall is
below the threshold. To cater to requests for the seasonal
rainfall probabilities for a specific region for a specific
year such as one in which an El Nifio is predicted, the
climatological probabilities as well as those associated
with warm events over the Pacific can be supplied.

Another issue widely discussed in association with the
severe water scarcity in the aftermath of the 2015
Marathwada drought, is the impact of the large increase
in the area for cultivation of sugarcane since the seventies
in this drought-prone region. It has also been pointed out
that recommendations of some varieties of pulses and of
the sowing window for the variety of groundnut culti-
vated in the Anathapur region are not accepted by
farmers. Assessing the performance of different crops/
varieties or of the variation in the sowing date or seed
rate, etc. by experiments at agricultural stations will take
an inordinately long time to adequately sample the rain-
fall variability experienced over different regions. How-
ever, now this can be achieved by running crop models
with the observed variation in rainfall over long periods.
With this approach and active collaboration among farm-
ers, atmospheric scientists and agricultural scientists, it
will thus become possible to identify the optimum crop-
ping pattern, implementable strategies for the sowing
window or the seed rate, etc. as well as for intercropping
by using crop models in conjunction to enhance yield and
hence profit®=3. We hope that in not too distant a future,
appropriate implementable strategies, tailored to the en-
tire spectrum of rainfall variability, leading to maximum
gains in normal and good monsoon seasons, while mini-
mizing the adverse impact of droughts, can be identified
and adopted to meet the challenge of increasing rainfed
agricultural production.
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