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Crop Diversity and Resilience to Droughts:
Evidence from Indian Agriculture
S. Madhumitha, K.S. Kavi Kumar and Anubhab Pattanayak

Abstract
Agricultural intensification and technological specialisation have led to the
prevalence of mono-culture in India. Diversity within crop species has been
gradually declining since the advent of Green Revolution in the 1960s. With
increasingly frequent weather shocks, agricultural systems face the risk of
yield and income losses. A quantitative assessment of district level
agricultural data for the period 1966-2015 is used to understand whether
crop diversification can cushion yield and income losses for farmers during
droughts. The results indicate that diversification enhanced resilience during
a rainfall deficit period in the Green Revolution period. However, in the postGreen Revolution period, increased specialization mitigated the adverse
effects of rainfall deficit. When simultaneous occurrence of rainfall deficit and
high temperature is considered as an alternative characterization of drought,
crop diversity did not provide any insulation against such weather extremes.
In the absence of any weather extremes, monoculture is found to be more
lucrative owing to both supply and demand side factors like improved inputs,
irrigation and infrastructure facilities, government‟s support prices and
pattern of consumption demand. Spatial trends in crop diversification also
revealed some anomalies to these general results since some states in the
country have unique cropping patterns.
Key words: Crop diversity; Drought; Indian agriculture; Green Revolution
JEL Codes: Q10; Q15; Q54
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INTRODUCTION
The frequency and intensity of extreme climate events have been
increasing and are expected to increase further in the future due to
climate change (World Bank, 2013). The effects of such climate shocks
are disproportionately higher for developing countries given their
greater dependence on agriculture. In India, the monsoon is unevenly
spread and is prone to a lot of fluctuations. Dry spell conditions often
dominate the crop growing periods in the subcontinent. Analysis based
on historic data suggests that there is a higher likelihood of droughts
and heatwaves between 2020-2049 (Sharma and Mujumdar, 2017).
Droughts are characterised as long, impermanent periods of low water
availability of surface water, ground water or precipitation. They have
significant negative implications on the economy and the environment.
Staple crops like rice and wheat are vulnerable to droughts in India
(Birthal et al., 2015; Zhang et al., 2017; Kavi Kumar, 2021). Most of
the direct effects of drought are felt in the agricultural sector in terms
of reduced crop yields, loss of livestock, land disengagement, or
physical and psychological stress. Periods of low water availability may
coincide with periods of high temperature or heat stress. There could
be complex interactions of both phenomena resulting in more adverse
effects. Burgess et al. (2014) observe that abnormally high
temperature during the pre-harvest season affects the lives of those
who are dependent on agriculture. High temperature causes a slump in
the size of harvests and leads to income reduction for farmers. These
income shocks are particularly devastating because hunger is
widespread amongst agrarian communities in the pre-harvest seasons,
and morbidity is highest right before the harvest.
In spite of the increasing risks of drought frequency and the
widespread damages that droughts can cause, the response to
droughts in terms of policies remains ad hoc and akin to crisismanagement. Proactive measures need to be taken so that the loss of
welfare can be minimised. A range of options are available for the
1

agricultural sector to adapt to and mitigate heat stress and droughts.
Mitigation options include conservation of monsoon water, reducing
runoffs, and other practices that increase the efficiency of water usage
and keep the ground water levels recharged. On the other hand,
agricultural diversification is one of the ways to adapt to droughts. In
comparison, providing irrigation infrastructure (which is another
adaptive response) is usually not feasible in all the affected areas due
to infrastructure and resource limitations. Crop diversification is also
considered as one of the most cost-efficient ways to adapt, compared
to other water management strategies. Renard and Tilman (2019)
suggest that increasing crop diversity is one of the most feasible
adaptive responses to drought conditions.
Diversification in agricultural activities is often suggested as an
important risk management strategy. Agricultural diversification is
limited among Indian farmers due to lack of required capital to invest in
livestock rearing, fisheries, or mixed farming. However, crop
diversification is more prevalent in India owing to its ease of
implementation. Auffhammer and Carleton (2018) argue that
diversification of crops across cereals, pulses and oilseeds had
enhanced resilience of Indian agriculture towards drought conditions.
The present study analyses the drought resilience of Indian agriculture
using data over a much larger period than that used by Auffhammer
and Carleton (2018) and also uses alternative characterizations of
drought. The main result of the paper suggests that crop diversity
provided resilience against drought conditions primarily during the
Green Revolution period in India. In the post Green Revolution period,
the economies of scale in specialized cultivation outweighed the
benefits due to crop diversity during the drought conditions. Further,
crop diversification enabled Indian farmers to effectively address
drought conditions that emerged mainly from rainfall deficiency, but
not from combined influence of rainfall deficiency and higher
temperature conditions.
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The rest of the paper is organized as follows: the next section
provides a brief review of the literature, followed by a description of the
data used and methodology followed in the paper. The subsequent
section discusses the results obtained. The last section provides
concluding observations.

REVIEW OF LITERATURE
When farmers produce more than one variety of crops in a given land,
by rotations or intercropping, it is referred to as crop diversification.
However, diversification in agricultural sector is not confined to crop
diversity alone. Agricultural diversification operates at different levels
like genetic, species, crop or even ecosystems (Smith et al., 2019).
Further, agricultural diversification allows farmers to diversify their
crops as well as their activities. This means that the source of their
income could be from the allied activities like forestry or animal rearing.
There is also the choice about what farmers cultivate given various
cash crop and food crop options. Zimmerer (2010) and Di Falco and
Chavas (2009) are few studies that analysed the effects of a single
crop‟s genetic diversity.
A risk averse farmer chooses to have a broader portfolio of
crops since different crops have different responses to changes in
temperature and precipitation. If there is any risk in the form of a
significant change in the weather conditions, the loss of one crop can
be compensated by the gains made by another (Birthal and Hazrana,
2019). Farmers exposed to abiotic stresses during sowing period tend
to show greater chances of diversifying their crop portfolio to cushion
themselves from the potential losses. Baumgartner and Quaas (2009)
have showed through a theoretical framework that market based
insurance and diversity of crop portfolios are substitutes. Thus, crop
diversity was referred to as „natural insurance‟. Crop diversity improves
food security, rural income, and confers resilience against abiotic
stress. Birthal et al. (2015) studied the effect of farming high-value
3

crops on poverty in India and established that diversifying to high-value
crops like flowers, vegetables, fruits, aromatic and medicinal plants has
positive effects on reducing the incidence of poverty. Diversification
was suggested as one of the solutions to tackle malnutrition, overnutrition and global food insecurity. Massawe et al. (2016) observed
that the growing trend towards unhealthy food consumption patterns
and the population‟s pressure on the global agricultural systems can be
reduced by diversifying crop production and consumption. Davis et al.
(2019) found that increasing the area under coarse cereals like
sorghum and millets increases nutritional supply of food by improving
protein and iron content in the food basket. Further, diversification was
also found to reduce greenhouse gas emissions and demand for
irrigation and energy inputs.
The literature on the agricultural impacts of climate change and
weather variability has established that the impacts of rainfall and
temperature anomalies are heterogeneous across different plant
species. This heterogeneity allows for crop diversification to be one of
the most important adaptation techniques to build resilience against
abiotic stress, either at the farm level or at the macro level
(Auffhammer and Carleton, 2018). The evidence presented by Birthal
and Hazrana (2019) for India validates that crop diversification
enhances the resilience of agricultural systems against climate shocks
like heat-stress or rainfall deficit. Crop diversification is seen to be an
effective ex-ante adaptation technique that farmers rely on. The results
were more prominent for Kharif season weather shocks than those in
Rabi season. Auffhammer and Carleton (2018) also conclude that
districts that had higher levels of crop diversity showed more resilience
to drought.
Diversity does not only cushion the production loss from
droughts, but also influences the local prices and acts as a natural
insurance against such uncertain climate conditions. Traditional millets
tend to adapt better to harsher environmental conditions like flooding,
4

extreme temperatures or droughts (Pingali, 1995). A cross-country
analysis by Renard and Tilman (2019) showed that the stabilisation
effect of crop diversity (over 176 crop species) is equivalent in
magnitude to the destabilisation effect that rainfall variability imposes
on agricultural produce. The result holds even after controlling for
fertilization and irrigation. The study also echoes with the earlier
arguments that increasing crop diversity helps realizing food security.
Diversity in crop species has been found to have positive effects on
productivity, resilience and stability of natural and agricultural systems
(Cadotte et al., 2012, Davis et al., 2012). Several studies based on field
experiments and crop simulations have demonstrated that higher crop
diversity is better for the ecological system. Crop diversification as a
measure to cope with droughts was also tested by Degani et al. (2019)
using a crop simulation under controlled conditions. Higher resilience
was observed when crop rotation was practised as it had improved
soil‟s moisture retention capacity and better temperature control of the
crop‟s environment. Diversity resulted in enhanced resistance against
stress and increased crop production.
In line with the multiple definitions used in the literature to
characterize drought, the studies analysing the role played by the crop
diversity in ameliorating the adverse effects of drought conditions also
differ in terms of the characterization of drought. McKee et al. (1993)
defined drought as a condition of insufficient moisture caused by a
deficit in precipitation over a period of time, and formulated the
Standardized Precipitation Index (SPI) which is a simple index of
drought. Drought is also characterized based on modelling soil moisture
and total runoff and remotely-sensed vegetation data to result in
indices like Standardized Runoff Index (SRI), Standardized Soil
Moisture Index (SSI), Palmer Drought Severity Index (PDSI), and
Vegetation Condition Index (VCI) (Zhang et al., 2017; Meshram et al.,
2018). The Standardized Precipitation Index has been used in many
studies to analyse the effects of drought on agricultural production. For
example, Subash and Mohan (2011) used the Standardized
5

Precipitation Index and found that the monthly distribution of monsoon
rainfall accounted for a significant yield variability in rice and wheat in
India. Leng and Hall (2019) also used the Standardized Precipitation
Index to define drought in estimating the probability of crop yield loss
in different countries. The results showed that the risk of yield loss
increases with the severity of drought. In India, maize, which is one of
the prominent kharif crops, is found to be most susceptible to yield
reduction under drought. While most studies assessing impact of
drought on agricultural outcome characterize drought in terms of
rainfall deficit, some have used a more comprehensive characterization
of drought that incorporates both rainfall and temperature anomalies
(Birthal et al., 2015; Fontes et al., 2017). It would be relevant to bring
such broader characterization of drought in assessing influence of crop
diversity in ameliorating the adverse effects on agricultural outcomes.
Studies have also shown that the diversity in crops at global
level is reducing over the years (Khoury et al. 2014; Jacques and
Jacques., 2012) and that the global human diet has become 36 percent
more similar in the past fifty years. Nation-wide food commodities have
become more diverse to catch up to the global requirements, but since
the interdependence amongst countries increased, the food supplies,
nutritional preferences and plant genetic resources have grown more
similar in nature. Although the decline of species diversity started with
the development of sedentary agriculture, Green Revolution and
modern agriculture had a major role to play in the further reduction of
diversification of food crops around the world. The fruits of Green
Revolution were predominantly seen on three major crops: wheat,
maize and rice (Jacques and Jacques 2012). Most of the other crops
(other cereals and pulses) became commercially non-viable in the post
Green Revolution era. Many aspects of urbanisation and globalisation
like trade liberalisation, commodity transport system‟s development,
safety and food quality standardization, smaller family sizes, increased
consumption of fast and processed food, and human migration are
associated with the changes in dietary patterns which eventually led to
6

a reduction in the crop diversity levels (Birthal et al., 2015). Khoury et
al. (2014), using national per capita food supply data from 152
countries, argue that homogeneity in crop species has increased by
around 17 percent between 1961 and 2009. It was also noted that the
mean similarity increased in the East and Southeast Asian as well as
sub-Saharan African countries. It is relevant to study the role played by
changing temporal and spatial patterns of crop diversity in making
agriculture resilient to drought conditions.
The present study with focus on Indian agriculture, examines
the robustness of the results presented in Auffhammer and Carleton
(2018) to broader characterization of drought that takes into account
both rainfall and temperature anomalies. The study also assesses the
changing role of crop diversity in enhancing the resilience of Indian
agriculture towards droughts through an analysis that extends over five
decades.

DATA AND METHODOLOGY
Data Sources
The analysis is based on two publicly available district level datasets on
Indian agriculture. The first one is the India Agriculture and Climate
dataset compiled as part of a study by the World Bank (Sanghi et al.,
1998) – referred here as IAC dataset. The second one is the
International Crops Research Institute for the Sem-Arid Tropics –
referred here as ICRISAT dataset (http://data.icrisat.org/dld/). The IAC
dataset provides district level data on major agricultural variables like
area planted, production, farm harvest prices, agricultural inputs, and
edaphic variables. The dataset covers 271 districts across 13 states
(Andhra Pradesh, Haryana, Madhya Pradesh, Maharashtra, Karnataka,
Punjab, Tamil Nadu, Uttar Pradesh, Bihar, Gujarat, Rajasthan, Orissa,
West Bengal) for the years 1956-1987. Except Kerala, Assam and
Himachal Pradesh, all of the major Indian agricultural states are
covered in the dataset. The data is available for twenty crops – five
7

major crops and fifteen minor crops. Major crops include, bajra, jowar,
maize, rice and wheat, and the minor crops include barley, cotton,
groundnut, gram, jute, other pulses, potato, ragi, tur, rapeseed and
mustard, sesame, soybean, sugarcane, sunflower, tobacco.
The district level data from ICRISAT covers 309 districts over
20 states (Andhra Pradesh, Bihar, Karnataka, Kerala, Madhya Pradesh,
Maharashtra, Odisha, Tamil Nadu, Telangana, West Bengal, Gujarat,
Haryana, Punjab, Rajasthan, Uttar Pradesh, Assam, Himachal Pradesh,
Chhattisgarh, Jharkhand and Uttarakhand) for the years 1966-2015.
The agricultural data is available for twenty crops - bajra, jowar, maize,
rice, wheat, barley, cotton, groundnut, gram, other pulses, ragi, tur,
rapeseed and mustard, sesame, soybean, sugarcane, sunflower,
linseeds, safflower and castor. For the purpose of the analysis, only the
crops which are available in both the datasets are considered. A set of
seventeen crops (bajra, jowar, maize, rice, wheat, barley, cotton,
groundnut, gram, other pulses, ragi, tur, rapeseed and mustard,
sesame, soybean, sugarcane and sunflower) is included in the study to
capture crop diversity. Hence the two datasets are comparable in terms
of crop coverage and time periods. Thus, the analysis is carried out
over three dataset-time-period combinations: (i) IAC dataset over the
years of Green Revolution, 1966-1985; (ii) ICRISAT dataset over the
years of Green Revolution, 1966-1985; and (iii) ICRISAT dataset over
the post Green Revolution years, 1986-2015.
The weather variables for the entire study period (i.e., 1966 to
2015) are sourced from the ICRISAT dataset and Water Resources
Information
System
(WRIS)
dataset
(http://indiawris.gov.in/wris/#/DataDownload). Monthly data on
precipitation, maximum and minimum temperature is used to represent
district weather. Using district definitions as per 1961 Census, the data
from the newer districts that came into existence during the study
period has been apportioned with the corresponding parent districts to
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arrive at a consistent district level agriculture-weather dataset covering
20 major states of India.

Crop Diversity Index
This study uses Herfindahl–Hirschman Index (HHI) of concentration to
gauge crop diversity. The index is a measure of spatial concentration,
which is calculated based on area over which each crop is grown. The
index for district i in time t is defined as the sum (over all the crops) of
the square of the share of total planted area that is dedicated to a
particular crop j in district i in year t (see Eq. 1). Areaijt denotes the
area cultivated with crop j in district i in time t. J is the total number of
crops cultivated, and is taken as seventeen in this study. Diversity
Index (DI) is taken as one minus HHI. A higher value of DI indicates
that there is a lower concentration of any single crop in the total area
planted, and that the district has higher diversity.
(1)
∑
where

∑

Drought Indices
The present study uses two different indicator variables to denote
drought conditions prevailing in a district. The first drought indicator
variable, „Drought_1‟, is based on rainfall deficit in the kharif season. A
district is defined to have experienced drought in time t if the
cumulative kharif season rainfall (kharif_precip) in the district was less
than the first tercile of rainfall‟s distribution in that district (see Eq. 2).
Auffhammer and Carleton (2018) use a similar drought index.
(2)

{

The second drought indicator variable, „Drought_2‟, takes into
account both rainfall deficit and high temperature. Although drought is
conventionally defined as the lack of water, they can also be caused
9

and intensified by temperature anomalies (Van Loon et al., 2016).
Figure 1 shows the scatter plot of the deviations of temperature and
rainfall from their historic mean values in India. Agricultural production
is adversely affected by the conditions that prevail in quadrants III and
IV. Quadrant IV is of particular interest as abnormally low rainfall and
high temperatures are expected to affect agriculture the most.
A simultaneous occurrence of high temperatures and sparse
rainfall causes drought. Following Yu and Babcock (2010), extent of
drought is defined as the product of rainfall deficit and degree of
hotness. The intensity of the hotness (dryness) can be measured as the
degree to which temperature (rainfall) departs from the normal. The
higher (lower) the temperature (rainfall) is deviated above (below) the
historical mean value, the larger will be the value of the drought index
(DrgtIndex). Several studies including Birthal et al. (2015), Fontes et al.
(2017) and Kumar (2020), characterize drought through such
specification while studying the resilience of crop yields to drought in
India. Based on its value, DrgtIndex is further classified into „severe‟,
„moderate‟, and „low‟ categories. If the index value is within one
standard deviation around its mean, the drought is characterised as
„low‟ drought. A drought is of „moderate‟ level if the DI is within ±2
standard deviation, and „severe‟ if it is beyond that. Based on such
categorization, „Drought_2‟ classifies district-years as having
experienced drought only if the severity of drought is moderate or
severe level (see Eq. 3). Drought_2 is defined based on the drought
index (DrgtIndex) which accounts for the two most important causes of
crop damage, i.e., excess heat and lack of moisture. Hence, compared
to Drought_1, Drought_2 could be a more appropriate indicator for
assessing impacts of drought on agriculture.
(

)

(3)
(4)

{
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Figure 1: Rainfall and Temperature Deviations during kharif
Season in India: 1966-2015

Source: Computed from ICRISAT dataset.

Outcome Variables
Different outcome variables can be considered to analyse the role crop
diversity plays in ameliorating the adverse effects of drought on
agriculture. The present study focuses on crop yield, gross revenue and
prices as relevant outcome variables.

11

Annual district level crop yield is calculated as the ratio of
aggregate production to aggregate area over 17 crops (see Eq. 5). For
any year, the variable yield represents aggregate productivity of all the
crops that are produced within a district without accounting for their
relative importance. Revenue, which is an indicator of farmer‟s income
is measured as the ratio of aggregate revenue to total sown area (see
Eq. 6). Agricultural price index is calculated based on Burgess et al.
(2014) by attaching a time invariant weight to the farm harvest prices.
The price index is taken as a proxy for cost of purchasing food in
district i in time t. The weights (wij) are computed as the average
percentage of the total revenue which is derived from crop j in district
i. The price index (Priceit) is the weighted crop-specific piece,
aggregated over all the seventeen crops. T is the total number of years
in the dataset (see Eq. 7). Yield is measured in tons per hectare,
revenue in rupees per hectare, and the price index in rupees. Revenue
and price index are calculated only for the IAC dataset since consistent
farm harvest prices are not available for the ICRISAT dataset and for
post-Green Revolution period.
∑

(5)

∑

(6)
(7)

∑
(

)

∑

Irrigation is an important factor to control for when analysing
the impact of drought on agriculture. It is the most common measure
of adaptation to rainfall deficit, and has a strong influence on yield.
Share of irrigated area (irrshit) in a district is calculated as the
proportion of irrigated area in the total cultivated area. Rainfall is given
in millimetres and temperature in degree Celsius. Kharif cropping
season is specified as the time between June to September, and Rabi
cropping season is November and December.
12

Following Pingali (2012), the analysis is split into two time
periods - during and after Green Revolution. The period 1966 to 1985
is considered as the period of Green Revolution and 1986 to 2015 is
taken as the post Green Revolution period. The weather variables,
agricultural variables and the constructed indices for the two periods
are summarized in Table 11.
The relationship between crop diversity, drought and yield is
specified in equation 8. Yield is regressed on drought index and
diversity index, while controlling for weather variables and irrigation.
Yield and diversity levels are simultaneously determined in the model.
The composition of crop production is tilted towards cereals like rice
(30 percent of total production) and wheat (20 percent of total
production). The more the production of one kind of crop, the lower
the value of the diversity index. A number of factors such as
penetration of high yield varieties of certain crops, prices of agricultural
commodities, availability of irrigation and various agricultural policies
may exert influence on aggregate yield as well as crop diversification.
Simultaneous determination of yield and diversity in the model
therefore raises concern over possible endogeneity issues in the model
specification. To address the endogeneity issues, the lagged value of
the diversity index is used. Further, to account for possible omitted
variables, the study uses fixed effects panel estimation procedure.

1

Since both IAC and ICRISAT datasets source the data from similar secondary sources, there is
significant correlation between the two datasets for the period 1966 to 1985. Nevertheless,
analyses of the present study are based on both the datasets for the Green Revolution period.
13

Table 1: Summary Statistics
Variable

Datase Obs. Mean
S.D.
t
GREEN REVOLUTION (1966-1985)
IAC

Crop Diversity Index

Total cropped area (1000 hectares)

0.636

0.222

0.000

0.880

ICRISAT 5,420

0.675

0.183

0.000

0.887

5,420

1.026

0.551

0.000

4.728

ICRISAT 5,420

0.989

0.538

0.000

3.805

5,420 463.961 234.00

3.100

1600.727

ICRISAT 5,420 497.236 249.154 3.510

1724.980

IAC
IAC

Share of irrigated area
Price index
Revenue (rupees/hectare)

Max

5,420

IAC

Yield (tons/hectare)

Min

5,404

0.262

0.224

0.000

2.105

ICRISAT 5,420

0.298

0.266

0.000

1.219

IAC

5,420 156.529 62.873 40.014

454.071

IAC

5,420

1.510

1.091

0.000

10.428

Kharif precipitation (meters)

ICRISAT 5,272

0.922

0.671

0.000

6.251

Rabi precipitation (meters)

ICRISAT 5,340

0.042

0.098

0.000

1.767

Kharif temperature (ºC)

ICRISAT 5,360 28.413

2.079

18.084

33.737

Rabi temperature (ºC)

ICRISAT 5,360 20.432

2.440

12.820

27.027

POST GREEN REVOLUTION (1986-2015)
Crop Diversity Index

ICRISAT 8,106

0.656

0.172

0.000

0.893

Yield (tons/hectare)

ICRISAT 8,106

1.715

0.956

0.023

5.828

Total cropped area (1000 hectares) ICRISAT 8,130 552.596 293.097 0.000

2038.380

Share of irrigated area

ICRISAT 8,124

0.433

0.355

0.000

12.550

Kharif precipitation (meters)

ICRISAT 7,660

0.814

0.583

0.000

5.878

Rabi precipitation (meters)

ICRISAT 8,130

0.337

0.089

0.000

1.464

Kharif temperature (ºC)

ICRISAT 8,070 28.789

2.048

18.630

34.370

Rabi temperature (ºC)

ICRISAT 8,130 20.791

2.971

0.000

27.438

Source: Computed from ICRISAT and IAC datasets.

The coefficient of the drought and diversity interaction term (β3
in Eq. 8) is of main interest to the study since it captures the effect of
diversity on the outcome variable during drought conditions. If high
crop diversity levels result in higher yield during drought years, then
14

one expect β3 to be positive. Interaction of irrigation and drought is
included in the model to assess the role of irrigation in alleviating
drought induced losses. The district and year fixed effects are captured
through αi and θt, respectively.

(8)
The model is estimated separately for the different
specifications of drought: drought specification based on kharif season
precipitation (Drought_1) and drought specification based on both
temperature and precipitation during kharif season (Drought_2). The
primary focus of the study is to analyse the effect of diversity on crop
yield. However, the effect of diversity on alternative outcome variables
(viz., gross revenue and price index) are also studied by considering
these as the relevant dependent variables in Eq. 8. However, as
mentioned above, owing to data limitations the analysis based on
alternative outcome variables is limited to the IAC dataset for the
Green Revolution period alone.

RESULTS AND DISCUSSION
Trends and Pattern of Crop Diversity in India
Crop diversity in India has declined over the period 1966-2015 (see
Figure 2). While the diversity index remained somewhat stable during
the Green Revolution period, it declined gradually in the subsequent
period. The mean value of the diversity index during the Green
Revolution period was 0.675, but it fell to 0.656 in the post Green
Revolution period. Many factors influenced the fall in diversity levels
from the 1990s. Years of emphasis on the cultivation of major crops
relevant from food security perspective resulted in well-functioning
supply and demand chains for those crops. Strengthened supply chains
through easy access to fertilisers, hybrid seeds, and other inputs led to
realization of higher yields for these crops. Sustained efforts towards
15

land consolidation and the agricultural policies aimed at food security
also resulted in the tilt towards rice and wheat production. Research on
newer varieties of rice and wheat led to breeding of thousands of seed
varieties resistant to weather fluctuations. As argued by de Roest et al.
(2018), extreme specialisation and economies of scale created
comparative cost advantages for farmers and the agricultural system at
the regional scale and resulted in increased cultivation of major crops.
Figure 2: Crop Diversity in India: 1966 to 2015

Source: Computed from ICRISAT dataset.

Some demand side factors were also contributed towards
decline in crop diversity. Rice and wheat consistently had high market
demand, and they were also procured by the Food Corporation India.
Strengthened globalisation trends since the 1990s and the associated
impacts on dietary habits also had its influence on crop diversity
(Ghosh, 2011). Guaranteed Minimum Support Prices (MSP) and annual
procurement targets for coarse cereals, if any, were minimal compared
to the rates of the major crops (Davis et al., 2010). Further, yield rate
induced cropping pattern is subject to the application of technological
innovations and the extent of institutional support provided to the
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farmers (Parikh, 1966). In India, during the 1960s and 1980s, both
these factors contributed significantly towards rice and wheat
cultivation and could have facilitated steady decline in crop diversity
levels in the post Green Revolution period.
Figure 3: Crop Diversity Index by HYV Region: 1966 to 2015

Source: Computed from ICRISAT dataset.

Figure 3 shows the trends in crop diversity across two broad
regions of India identified on the basis of the level of HYV penetration –
North2 and South3. In 1966, the mean value of the index in the South
was 0.645 and by 1985, the index increased to 0.656. The North region
had a starting mean value of 0.725, but by 1987, it declined to 0.691.
In the late 1950s, crop diversity was more uniformly distributed across
India, with the northern states being relatively more diverse (Smith et
2

3

North is defined to include the following states: Gujarat, Haryana, Punjab, Rajasthan, and Uttar
Pradesh.
South is defined to include the following states: Andhra Pradesh, Bihar, Karnataka, Madhya
Pradesh, Maharashtra, Odisha, Tamil Nadu, and West Bengal.
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al., 2019). With the advent of Green Revolution, the states which
adopted HYV technology started to show a marked decrease in
diversity levels. And this fall in diversity level, through the adoption of
HYV seeds and other agricultural inputs, has made it possible for the
production of cereal crops to triple during the past 50-60 years (Pingali,
2012). Smith et al. (2019) found a strong negative association between
agricultural intensification and crop diversity. The trend of the diversity
index presented in Figure 3 for the North region reinforces this result.
Figure 4: Distribution of Crop Diversity Index by HYV Region:
1966 to 1985

Source: Computed from ICRISAT dataset.

The states which did not have HYV penetration are observed to
have lower crop diversity initially with slight improvements after the
1970s. The scatter-plot presented in Figure 4 shows that the variation
in the South region was higher than the North since most of the
Northern districts are recorded close to the mean values (trend line).
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There are also some Northern districts which had very low levels of
diversity in the initial years. The North and South regions have 121 and
150 districts respectively. Hence the variation captured in the plot
arises from actual variation in diversity levels across the regions.
During the Green Revolution, the mean diversity level in the
Northern region (Southern region) was 0.708 (0.649). In the post
Green Revolution period, it reduced (increased) to 0.661 (0.652).
Figure 5 shows the distribution of the diversity index for the post Green
Revolution period. It can be seen that there are fewer Northern
districts with high diversity values compared to the Green Revolution
period. Both the regions had more districts with very low (index value
less than 0.1) diversity levels. The Southern region continued to have
more variation in the diversity level across districts compared to that
across districts in the North.
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Figure 5: Distribution of Crop Diversity Index by HYV Region:
1986 to 2015

Source: Computed from ICRISAT dataset

Following a more conventional classification of states into
different geographical regions4, Figure 6 reports the spatial and
temporal trends in the district level diversity index across India. The
diversity levels are initially high in the Northern and Western regions
and some districts of the Southern region. The index values are
particularly low in the districts of the Eastern states. Although a slight
fall in overall diversity is noticed over the years, the decline is very
prominent in the Northern region. Most Southern districts have
maintained their initial values, implying that their crop profile has not
changed within the set of the 17 crops. Overall, Western and Northern
regions have considerably higher levels of diversity compared to East
and South. Some of the major changes over time in cropping pattern
4

Northern region: Haryana, Punjab, Uttarakhand, Himachal Pradesh and Uttar Pradesh; Southern
region: Andhra Pradesh, Karnataka, Kerala, Telangana and Tamil Nadu; Eastern region: Bihar,
Odisha, Assam and West Bengal; and Western region: Gujarat, Rajasthan, Maharashtra, and
Madhya Pradesh.
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across the regions as observed by other studies (e.g., Smith et al.,
2019) include: (i) the expansion of oilseeds and pulses cultivation in
the Western and Southern India replacing sorghum and millets; (ii)
intensification of rice and wheat cultivation in Northern India, with
wheat expansion coming at the cost of crops such as barley, chickpea,
millets and sorghum The Eastern Indian states primarily produce
spices, tea, fruits and vegetables and fibre crops like jute. The diversity
index reported in this study does not include those crops and as a
result the index value remained consistently low in the Eastern region.
The district level mean diversity values reported in Table 2 substantiate
the trends observed in different regions. The northern and western
regions show a sharper decline in mean diversity levels over time, than
the southern and eastern regions. This pattern is in line with the
general observation that due to greater penetration of HYV seeds
diversity reduced more in those districts which had higher crop diversity
initially.

Table 2: Mean District-level Diversity Indices across Regions
and over Time
1966
1976
1986
1996
2006
2015
HYV Regions
North

0.725

0.713

0.681

0.697

0.657

0.633

South

0.645

0.649

0.659

0.650

0.657

0.645

Geographic Regions
North

0.802

0.758

0.719

0.701

0.665

0.633

South
East

0.664
0.443

0.681
0.458

0.674
0.487

0.674
0.479

0.675
0.479

0.649
0.467

West

0.726

0.730

0.721

0.729

0.728

0.721

Source: Computed from ICRISAT dataset.
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Figure 6: Spatial and Temporal Trends in District-level Crop
Diversity in India

Note: The district classification is as per Census 2011. The index values are categorised
into different bins based on 99th, 90th, 75th, 50th, 25th, 10th, 5th percentiles of
the 2015 Diversity Index distribution
Source: Computed from ICRISAT dataset
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The mean, 90th and 10th percentiles of the average district-level
diversity index values across all regions over the study period are
shown in Figure 7. The mean and the 90th percentile values remained
stable at approximately 0.660 and 0.826, respectively. However, the
10th percentile value showed a slight increasing trend between 1966
and 1990, suggesting that the number of districts with low index values
were increasing. In the post Green Revolution period, the 90th
percentile values almost remained constant, but the mean and 10 th
percentile of the diversity index declined gradually.
Figure 7: Mean, 90th and 10th Percentiles of District-level Crop
Diversity: 1966-2015

Source: Computed from ICRISAT dataset.

In sum, the trends in crop diversity over the study period (1966
to 2015) suggest that the cultivation in India has moved more towards
monoculture. It must however be noted that diversity as defined in this
study does not include area cultivated for fruits, vegetables, and other
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commercial crops like rubber, fodder, tea and coffee. Agricultural
production in some states (Kerala, Assam, Himachal Pradesh and parts
of Uttarakhand) is dominated by horticulture crops, aromatic plants and
spices, and plantation crops. The proportion of cereals and pulses
production is minimal, making their diversity in such crops low. As a
result these states recorded very low levels of crop diversity throughout
the study period. Davis et al. (2010) also acknowledge the unique
cropping patterns of these states. Since the diversity index used in the
present study does not entirely capture the agricultural diversity in the
above mentioned states, these states are not included in the analysis
reported in the next sections.
Crop Yield and Diversity Linkages
To assess the influence of crop diversity on crop yield, for each districtyear combination in the dataset the yield deviations from its long-term
trend (estimated using Hodrick-Prescott filter) are plotted against the
diversity index, under no-drought and drought conditions separately.
Figures 8 and 9 show the scatterplots for the Green Revolution and
post-Green Revolution periods, respectively. In line with the discussion
on datasets presented in Section 3 above, the scatterplots for the
Green Revolution period are based on IAC and ICRISAT datasets,
whereas the scatterplots for the post-Green Revolution period are
based on ICRISAT dataset alone. In each figure the right-side panels
also show the role played by irrigation on the relationship between crop
yield residuals and diversity index residuals. Crop yield is regressed on
the share of irrigation to estimate the residuals of yield, and the
diversity index is regressed on the share of irrigation to estimate the
diversity index residuals. Hence, the effect of irrigation on yield and
diversity index is controlled for in the panels on the right in Figure 8.
As one would expect, drought conditions will have adverse
effect on crop yield. However, if crop diversity could ameliorate such
effects, one could expect the gap between fitted trend lines in the
scatterplots (capturing the relationship between crop yield deviation
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and crop diversity) under no-drought and drought conditions to decline
as the crop diversity increases. Further, since irrigation would help in
overcoming the adverse effects of drought on crop yield, the beneficial
effects due to crop diversity could be muted after accounting for
irrigation. The gap between the two trend lines would be narrower
when accounting for the role of irrigation.
The scatterplots of percentage deviations in yield and crop
diversity levels confirm these expectations during the Green Revolution
period (Figure 8). In the Green Revolution period, the positive role
played by crop diversity is evident from the decreasing gap between
the fitted trend lines of scatterplots of no-drought and drought yield
deviations. This pattern is evident in both IAC and ICRISAT datasets.
The beneficial role played by crop diversity in ameliorating the adverse
effects of drought on crop yield is present even when the influence of
irrigation is taken into account (see right hand side panels in Figure 8).
Thus, during droughts, a combination of irrigation and high crop
diversity could serve as an effective adaptation strategy.
In the post Green Revolution period, the impact of crop
diversity on yield is not as expected. As could be seen from Figure 9,
the fitted trend lines of the scatterplots under no-drought and drought
conditions diverge with increase in crop diversity, suggesting that
diversification in crop cultivation intensifies the adverse effects of
drought on crop yield. Further, after accounting for irrigation the
drought effects on crop yield are not significantly reduced leaving
minimal scope for crop diversity to have any influence on crop yield.
This obvious difference in the impact of crop diversity between the two
time periods could be due to the increased agricultural intensification in
the post-Green Revolution period. The share of irrigated area in the
latter period is around 43 percent of the total cultivated area,
compared to only 26 percent in the Green Revolution period. Hence the
severity of the adverse effects due to drought are comparatively lower
in the post-Green Revolution period. The increase in irrigation
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infrastructure along with the institutional and technological support to
agriculture could have played a far more important role compared to
crop diversity in determining agricultural outputs. The next section
analyses these aspects empirically.
Figure 8: Crop Yield and Diversity Relationship – Green
Revolution Period

Source: Computed from ICRISAT dataset.
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Figure 9: Crop Yield and Diversity Relationship – Post-Green
Revolution Period

Source: Computed from ICRISAT dataset.

Estimation of Crop Yield and Diversity Relationship
Green Revolution had begun in India by the 1960s, and it introduced
the adoption of improved varieties of some of the major cereal crops.
With the increased use of technology, agriculture had become more
intensified and land productivity had improved. This confined
production of major food crops to the favourable lands and relegated
cultivation of other crops and agricultural activities to unfavourable
lands. But, in general, farming systems in unfavourable lands had
higher levels of diversity with more focus on traditional crops like
millets. The gradual loss of such land had implications on the crop
diversity levels. Also, it took several years for the introduction of high
yielding varieties for crops other than rice and wheat (Gollin et al.,
2018). Improved varieties of millet and pulses were not available until
the 1980s (Evenson and Gollin, 2003). This explains the gradual
decrease in crop diversity levels during this period. It is also important
to note that yields were minimal before the 1960s. In 1956-1960, on an
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average, NPK fertiliser use in India was only two kilograms per hectare
(Buttel and Barker, 1985). Yields of both major cereals, viz., rice and
wheat, and other crops were considerably low before Green Revolution.
Decreased length of cropping and better-quality seeds also improved
yields of major cereals. It is important to bear these facts in mind while
interpreting the role played by crop diversity on yields during Green
Revolution and post-Green Revolution periods.

Crop Yield and Diversity Relationship during Green Revolution
Period
The model specified in Equation 8 has been estimated using IAC and
ICRISAT datasets for the years corresponding to the Green Revolution
period (i.e., 1966 to 1985). Table 3 and 4 present the results based on
IAC and ICRISAT datasets, respectively. In each table columns labelled
1 through 6 present the estimated coefficients of the models with
gradually increasing number of variables, with column 6 showing the
estimates based on full model specification. All the models are follow
panel fixed effects estimation procedure and report the estimated
coefficients with robust standard errors. The precipitation based
drought index „Drought_1‟ is used in the model specification.
The first four rows in Tables 3 and 4 report the coefficients
corresponding to the weather variables associated with the kharif and
rabi seasons, while the fifth row show the coefficient of the drought
variable. The coefficient on drought is negative and significant in all
model specifications indicating that the rainfall deficits have a strong
adverse effect on crop yield. Kharif temperature also has significant
negative effect on yield, whereas other weather variables have
relatively lesser influence on crop yield. As expected, irrigation has
positive and significant effect on the yield and helps to ameliorate the
adverse impacts of drought on agriculture. The coefficient of diversity
index is significant and negative coefficient, implying that a monoculture based cropping would improve yield for the farmers. The result
holds across different variations of the model. Analysis based on IAC
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(ICRISAT) dataset show that a one standard deviation increase in the
diversity index is associated with a 22 (17) percent decrease in crop
yield. Farmers who follow monoculture benefit from the economies of
scale in production and specialization.
The interaction terms of drought with crop diversity and
irrigation are reported in rows 8 and 9 in Tables 3 and 4, respectively.
As expected, irrigation helps farmers in enhancing the crop yields
during drought years. More crucially from the perspective of the
present study, the positive and significant coefficient on the interaction
term between drought and crop diversity (as reported in both Tables 3
and 4) suggests that diversity increases crop yield during drought
years. Estimates based on IAC (ICRISAT) dataset suggest that in a
drought year, a one standard deviation increase in the diversity index
would result in 1.73 (0.99) percent increase in yield per hectare. The
results are in line with those reported in the literature (e.g.,
Auffhammer and Carleton, 2018; Birthal and Hazrana, 2019) which
suggests that a diverse mix of crops enhances resilience of the
agricultural system during drought years.
To assess the robustness of the finding, the model is also
estimated with alternative characterization of drought ( Drought_2). The
results reported in Appendix Tables A.1 and A.2 show that the
coefficient on the interaction term between drought and crop diversity
is insignificant, suggesting that the insurance provided by the crop
diversity to yield under adverse climatic conditions is not robust to
alternative characterizations of drought.
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Table 3: Estimates of Crop Diversity and Yield Relationship:
Green Revolution Period; IAC Dataset
Yield
(1)

(2)

(3)

Kharif
Temperature

Variable

-0.067***
(0.012)

-0.057***
(0.012)

-0.062***
(0.012)

Rabi
Temperature
Kharif
Precipitation

0.001
(0.007)
0.015
(0.014)

0.002
(0.007)
0.022
(0.014)

-0.003
(0.007)
0.022
(0.014)

-0.003
(0.007)
0.018
(0.014)

-0.001
(0.007)
0.020
(0.014)

-0.001
(0.007)
0.016
(0.014)

Rabi
Precipitation

0.120**
(0.061)

0.114*
(0.059)

0.098*
(0.059)

0.094
(0.059)

0.098*
(0.059)

0.095
(0.059)

-0.060***
(0.008)

-0.058***
(0.008)
0.635***
(0.047)

-0.064***
(0.008)
0.504***
(0.047)

-0.122*** -0.096***
(0.019)
(0.011)
0.499*** 0.469***
(0.047)
(0.048)

-0.145***
(0.020)
0.467***
(0.048)

-0.980***
(0.066)

-1.008*** -0.975***
(0.066)
(0.066)

-0.999***
(0.066)

0.090***
(0.027)

0.078***
(0.027)

Drought_1
Irrigation
Diversity Index
Diversity Index *
Drought_1

(4)

(5)

-0.062*** -0.059***
(0.012)
(0.012)

Irrigation *
Drought_1

(6)
-0.059***
(0.012)

Observations

5,216

5,200

4,941

4,941

0.115***
(0.026)
4,941

Adj. R-square

0.870

0.877

0.888

0.888

0.888

0.888

District Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Year Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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0.108***
(0.026)
4,941

Table 4: Estimates of Crop Diversity and Yield Relationship:
Green Revolution Period; ICRISAT Dataset
Yield
Variable

(1)

(2)

(4)

(5)

(6)

-0.049***
(0.011)

-0.046***
(0.011)

-0.047***
(0.011)

-0.013*
(0.007)
0.021
(0.013)

-0.012*
(0.007)
0.017
(0.013)

-0.011*
(0.007)
0.017
(0.013)

-0.011*
(0.007)
0.015
(0.013)

0.100*
(0.055)

0.098*
(0.054)

0.096*
(0.054)

0.095*
(0.054)

-0.054*** -0.060***
(0.007)
(0.007)
0.628*** 0.563***
(0.037)
(0.038)

-0.109***
(0.022)
0.560***
(0.038)

-0.086***
(0.010)
0.530***
(0.039)

-0.122***
(0.022)
0.530***
(0.039)

-0.959***
(0.065)

-0.982***
(0.066)

-0.958***
(0.065)

-0.976***
(0.066)

Kharif
Temperature

-0.053***
(0.011)

Rabi
Temperature
Kharif
Precipitation

-0.008
(0.007)
0.021
(0.013)

-0.002
(0.007)
0.022*
(0.013)

Rabi
Precipitation

0.163***
(0.056)

0.132**
(0.055)

Drought_1

-0.053***
(0.007)

Irrigation

(3)

-0.046*** -0.049***
(0.011)
(0.011)

Diversity Index
Diversity Index *
Drought_1

0.070**
(0.030)

Irrigation *
Drought_1

0.054*
(0.031)
0.081***
(0.020)

0.075***
(0.021)

Observations

5,226

5,226

4,968

4,968

4,968

4,968

Adj. R-square

0.883

0.889

0.898

0.898

0.898

0.898

District Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Year Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

Crop Yield and Diversity Relationship during the Post Green
Revolution Period

Table 5 shows the model estimates based on ICRISAT dataset for the
years corresponding to the post-Green Revolution period. Here too,
columns 1 to 6 report estimated coefficients under various alternative
specifications of the model, with the last column showing the
coefficients of the full model specified in Equation 8 above. While
irrigation continues to have significant positive effect on the crop yield,
the impact of weather variables and drought are different from what
was seen during the Green Revolution period. In particular,
precipitation based drought index has negative but insignificant impact
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on crop yield, after controlling for other variables. As observed earlier,
the share of irrigated area has increased over the years. Birthal et al.
(2019) found that irrigation and diversification have a negative
relationship as farmers with higher level of irrigation were not
incentivized to diversify their crops for risk management. Increased
irrigation could also be one of the driving factors behind the gradually
reducing diversity levels in the country.
As was the case during the Green Revolution period, crop
diversity has negative and significant effect. However, drought-diversity
interaction term has a negative and significant coefficient. Thus, higher
levels of diversity have negative influence on crop yield in both normal
years and drought years. During drought years, a one standard
deviation increase in diversity index leads to 3 percent reduction in
yield. This suggests that an increase in diversity within the 17 crops
under consideration did not provide resilience against drought
conditions. In other words, the observed trends of increased
specialization (or reduced diversity) mitigated the adverse effects of
droughts on yield. Years of improvements in technology, along with the
direct and indirect boost from infrastructural developments,
mechanisation and market reforms enabled farmers to benefit
significantly from specialized cultivation and mono-culture farming.
Thus, the beneficial effects of specialization were found in normal years
as well as in drought years during the post-Green Revolution period.
Though the discussion here is confined to precipitation based drought
index, results based on alternative specification of drought ( Drought_2)
as reported in Appendix Table A.3 also suggest that during the postGreen Revolution period crop diversity did not provide anticipated
insulation from the adverse effects of drought on crop yield.
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Table 5: Estimates of Crop Diversity and Yield Relationship:
Post-Green Revolution Period; ICRISAT Dataset
Yield
Variable
Kharif
Temperature
Rabi
Temperature
Kharif
Precipitation
Rabi
Precipitation
Drought_1
Irrigation
Diversity Index

(1)

(2)

(3)

0.002
0.000
-0.002
(0.011)
(0.011)
(0.011)
0.039*** 0.044*** 0.051***
(0.007)
(0.007)
(0.008)
-0.029** -0.031**
0.037***
(0.013)
(0.013)
(0.013)
-0.029
-0.051
-0.123*
(0.064)
(0.063)
(0.064)
0.100*** 0.098*** 0.106***
(0.009)
(0.009)
(0.009)
0.212*** 0.210***
(0.017)
(0.017)
0.254***
(0.069)

Diversity Index *
Drought_1
Irrigation * Drought_1

(4)

(5)

0.000
-0.001
(0.011)
(0.011)
0.050*** 0.051***
(0.008)
(0.008)
-0.032**
0.039***
(0.013)
(0.013)
-0.117* -0.124*
(0.064)
(0.064)
0.000
0.156***
(0.028)
(0.012)
0.212*** 0.187***
(0.017)
(0.018)
0.200*** 0.259***
(0.071)
(0.069)
0.163***
(0.040)
0.115***
(0.020)

(6)
0.001
(0.011)
0.049***
(0.008)
-0.033**
(0.013)
-0.117*
(0.064)
-0.042
(0.029)
0.187***
(0.018)
0.202***
(0.070)
0.175***
(0.040)
0.119***
(0.020)

Observations

7,600

7,600

7,338

7,338

7,338

7,338

Adj. R-square

0.916

0.918

0.920

0.920

0.920

0.920

District Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Year Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

Crop Revenue, Price and Diversity Linkages
The insulation provided by crop diversity during drought conditions can
also be extended to crop revenue and prices apart from yield. The
model specified in Equation 8 is estimated with revenue and the
agricultural price index as the dependent variables to find if higher
diversity enhances resilience. Table 6 provides the results of the
estimation for the Green Revolution period based on the IAC dataset.
As mentioned in the previous section, the analysis was confined to the
Green Revolution period and not extended to the post-Green
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Revolution period due to data limitations. The effect of crop diversity
on revenue is similar to the effect on yield. The coefficient on the
drought-diversity interaction term is positive and significant. In a
drought year, higher values of diversity index correspond to higher
revenue (or lower revenue loss). One standard deviation increase in the
diversity index leads to a 2.5 percent increase in crop revenue. In a
normal year, high diversity corresponds to lower revenue because of
the lost benefits from economics of scale and agricultural
intensification. Irrigation is found to be an effective method in
improving revenue irrespective of the incidence of climate shocks.
Auffhammer and Carleton (2018) provide an explanation about
the mechanism through which drought and crop diversity affect local
prices. If markets are fully integrated, local prices would not reflect
local climatic conditions and households would be affected only
because of the effects on yields. But if markets are not integrated, then
local weather (through production) would affect local prices. Results in
Table 6 (column 2) show that drought has a positive and significant
effect on the price index. Droughts are a strain on the supply chain,
and hence would lead to an increase in prices. The significant effect of
drought on prices indicates that markets are not fully integrated
between the districts in India, and that local shocks (like droughts)
have local effects. During a normal year, increase in crop diversity as
expected results in lower yield owing to lost economies of scale, and
consequently, farm gate prices rises. Crucially from the standpoint of
the present study, the results suggest that during the drought years,
an increase in crop diversity had insignificant effect on the price index.
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Table 6: Impact of Crop Diversity on Revenue and Price Index:
Green Revolution Period; IAC Dataset
Revenue

Price Index

(1)

(2)

Kharif Temperature

-0.010
(0.029)

9.172***
(1.336)

Rabi Temperature

0.017
(0.018)

-1.480*
(0.819)

-0.004
(0.034)
0.675***
(0.144)

-2.122
(1.582)
28.422***
(6.707)

Drought_1

-0.245***
(0.050)

4.461*
(2.312)

Irrigation

0.856***
(0.117)

-20.539***
(5.475)

Diversity Index

-1.208***
(0.162)

65.807***
(7.575)

0.113*
(0.067)

-1.768
(3.140)

0.193***
(0.064)

-6.310**
(2.988)

Observations

4,941

4,941

Adj. R-square

0.829

0.885

Yes
Yes

Yes
Yes

Variable

Kharif Precipitation
Rabi Precipitation

Diversity Index * Drought_1
Irrigation * Drought_1

District Fixed Effects
Year Fixed Effects

Note: Robust standard errors in parentheses; ***
p<0.01, ** p<0.05, * p<0.1
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CONCLUSIONS
Diversity is often advocated as an effective strategy to insure against
risks. In the context of agriculture, crop diversification is an important
adaptation strategy that farmers can implement to withstand the
adverse effects of extreme climate events such as droughts. Some
recent studies have demonstrated that crop diversity has indeed helped
Indian farmers to mitigate the adverse effects of drought on
agricultural outcomes, especially during the period when Green
Revolution was implemented. The present study attempted to explore
the robustness of this finding under alternative characterizations of
drought conditions and over a much larger period of time. In particular
the study used multiple datasets (viz., India Agricultural and Climate
dataset, and ICRISAT dataset) on district level agricultural variables
over the period 1966 to 2015 for the analysis. The main findings
suggest that crop diversity provided insurance against drought induced
losses on yield during only the Green Revolution period in India.
Further, the positive impact of diversity on yield during drought years is
evident when drought is defined on the basis of rainfall deficit alone.
Over the years, changes in cropping pattern have been
conditional on factors like availability of irrigation, technological
progress and spread, institutional support, farmer‟s technical skills and
information on newer crop varieties, and the relative costs and benefits
from alternative cropping combinations (Ghosh, 2011). With Green
Revolution, the pattern of agriculture had changed in India, and it
drastically affected the diversity of crops in the states where it was
implemented. But the change in diversity was not uniform across
spatially disaggregated units. Agricultural biodiversity changes over
time and space, and hence the effect it has on agronomic,
environmental or social outcomes also differs, more so at aggregated
levels rather than at individual farmer level (Renard and Tilman, 2019).
Aggregate district level data used in this study may not effectively
capture the effect of diversity on individual farmers.
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The results from the present study suggest that an increase in
the diversity levels always corresponded to a fall in yield. Yield in terms
of the quantity of physical produce was more responsive to changes in
diversity, compared to revenue. Agricultural intensification and
specialisation oriented towards particular crops allowed for monoculture
of those crops to provide better returns. Crop diversification within
cereal, pulses and oilseeds groups does not positively affect yield,
during drought years. It is more lucrative for farmers to follow
agricultural intensification of the cereal, pulse or oilseeds that they
cultivate, rather than to diversify amongst those.
Although the present study showed a strong negative effect of
crop diversity on yield during normal years, a decrease in the diversity
below a threshold could potentially cause more damage than benefits.
There is limited information on the specific thresholds below which the
ecosystem services provided by the system reduces (Smith et al.,
2019). The literature demonstrates that diversification improves the
economic resilience of farmers, and improves the nutritional quality of
consumption baskets. It also reduces the vulnerability of farmers to
climate variability. The safeguard that crop diversity provides when
there is a drought is subject to the definition of drought. In the case of
rainfall deficit, diversifying cultivation amongst these crops provides
resilience in crop yield. But this result does not hold in the case of
simultaneous occurrence of rainfall deficit and high temperatures. More
elaborate adaptation techniques or other forms of diversification might
be required to insure yield against such extreme events.
The present study defined diversity based on the area under
cultivation of 17 crops that include cereals, pulses, oilseeds and
sugarcane. However, diversification beyond these 17 crops, into
commercial crops, livestock rearing and mixed farming, might have a
different effect on agricultural outputs. Diversity across different levels
of organisation, like genetic diversity, species diversity or crop diversity,
depend on different factors (Smith et al., 2019), and they are expected
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to have different effects on agricultural outcomes. A detailed study that
takes into account broader definition of diversity will help in better
understanding of the role played by diversity in general in improving
the agricultural resilience against droughts and other climate extremes.
Based on the results from this analysis, farmers from regions
with rainfall deficit, low humidity, below-normal soil moisture levels or
below-normal surface water availability would be better off by opting
for a diverse mix of crops. On the other hand, farmers from regions
that experience drought conditions due to both high temperatures and
rainfall deficit would benefit by practicing monoculture-based cropping.
The decision to cultivate more diverse crops should be based on local
agro-climatic challenges. Diversification would be particularly useful in
regions where agricultural systems are not specialised enough or if
there is inadequate expansion of irrigation facilities.

38

REFERENCES
Auffhammer, M., and T. A. Carleton (2018), “Regional Crop Diversity and
Weather Shocks”. Asian Development Review, 35(2), 113-130.
Auffhammer, M., V. Ramanathan and J. R. Vincent (2006), “Integrated
Model Shows that Atmospheric Brown Clouds and Greenhouse
Gases Have Reduced Rice Harvests in India.” Proceedings of the
National Academy of Sciences 103 (52): 1966–72.
Baumgärtner, S., and M. F. Quaas (2009), “Agro-Biodiversity as Natural
Insurance and the Development of Financial Insurance Markets.”
Agrobiodiversity, Conservation, and Economic Developme nt,
293–317.
Birthal, P. S., and J. Hazrana (2019). “Crop Diversification and Resilience
of Agriculture to Climatic Shocks: Evidence from India.”
Agricultural systems, 173, 345-354.
Birthal, P., D. Roy, D. Negi and S. Agarwal (2015), “Is Indian agriculture
Becoming Resilient to Droughts? Evidence from Rice Production
Systems”. Food Policy, 56, 1-12
Burgess, R., O. Deschenes, D. Donaldson and M. Greenstone (2014),
“The Unequal Effects of Weather and Climate Change: Evidence
from Mortality in India”. Cambridge, United States:

Massachusetts Institute of Technology,
Economics. Manuscript. May 2014.

Department

of

Buttel, F. H., and R. Barker (1985), “Emerging Agricultural Technologies,
Public Policy, and Implications for Third World Agriculture: The
Case of Biotechnology”. American Journal of Agricultural
Economics, 67(5), 1170-1175.
Cadotte, M. W., R. Dinnage, D. Tilman (2012), “Phylogenetic Diversity
Promotes Ecosystem Stability”. Ecology 93(sp8): S223–S233.
Davis A. S, J. D. Hill, C. A. Chase, A. M. Johanns and M. Liebman (2012),
“Increasing Cropping System Diversity Balances Productivity,
Profitability and Environmental Health”. PLoS ONE 7(10):
e47149.

39

Davis, B., G. Carletto and P. C. Winter (2010), “Migration, Transfers and
Economic Decision Making among Agricultural Households: An
Introduction”. The Journal of Development Studies. 46. 1-13.
De Roest, K., P. Ferrari and K. Knickel (2018), “Specialisation and
Economies of Scale or Diversification and Economies of Scope?
Assessing Different Agricultural Development Pathways”. Journal
of Rural Studies, 59, 222-231.
Degani, E., S. G. Leigh, H. M. Barber, H. E. Jones, M. Lukac, P. Sutton
and S. G. Potts (2019), “Crop Rotations in a Climate Change
Scenario: Short-Term Effects of Crop Diversity on Resilience and
Ecosystem Service Provision Under Drought”. Agriculture,
Ecosystems and Environment, 285, 106625.
Di Falco, S., and J.P. Chavas (2009), “On Crop Biodiversity, Risk
Exposure, and Food Security in the Highlands of Ethiopia”.
American Journal of Agricultural Economics, 91(3), 599-611.
Evenson R. E., and D. Gollin (2003), “Assessing the Impact of the Green
Revolution, 1960 to 2000”. Science 300:758–762.
Fontes, F. P., A. Gorst and C. Palmer (2017), “Does Choice of Drought
Index Influence Estimates of Drought-Induced Cereal Losses in
India?” (No. 274). Grantham Research Institute on Climate

Change and the Environment.

Ghosh. B., (2011), “Determinants of the Changes in Cropping Pattern in
India: 1970-71 to 2006-07”. Bangladesh Development Studies,
34 (2), 109-120
Gollin, D., C. W. Hansen and A. Wingender (2018), “Two Blades of
Grass: The Impact of the Green Revolution”. (No. w24744).

National Bureau of Economic Research.

Jacques, P. J., and J. R. Jacques (2012), “Monocropping Cultures into
Ruin: The Loss of Food Varieties and Cultural Diversity”.
Sustainability, 4(11), 2970-2997.
Kavi Kumar, K.S. (2021), “Rice Production Systems and Drought
Resilience in India”, in Dasgupta, P. et al. (ed.), Sustainable

Development Insights from India: Essays in Honour of
Ramprasad Sengupta, Springer (forthcoming).
40

Khoury, C. K., A. D. Bjorkman, H. Dempewolf, J. Ramirez-Villegas, L.
Guarino, A. Jarvis, L. H. Rieseberg and P. C. Struik (2014),
“Increasing Homogeneity in Global Food Supplies and The
Implications for Food Security”. Proceedings of the National
Academy of Sciences March 2014, 111 (11) 4001-4006.
Leng, G., and J. Hall (2019), “Crop Yield Sensitivity of Global Major
Agricultural Countries to Droughts and the Projected Changes in
the Future”. Science of the Total Environment , 654, 811-821.
Massawe, F., S. Mayes and A. Cheng (2016), “Crop Diversity: An
Unexploited Treasure Trove for Food Security”. Trends in plant
science, 21(5), 365-368.
McKee, T. B., N. J. Doesken and J. Kleist (1993), “The Relationship of
Drought Frequency and Duration to Time Scales”. Proceedings of
the 8th Conference on Applied Climatology. Vol. 17, No. 22, 179183.
Meshram, S. G., R. Gautam and E. Kahya (2018), “Drought Analysis in
the Tons River Basin, India during 1969-2008”. Theoretical and
Applied Climatology, 132(3-4), 939-951.
Parikh, A. (1966), “Statewise Growth-Rate in Agricultural Output- An
Econometric Analysis”. Artha Vijnana: Journal of The Gokhale
Institute of Politics and Economics. 8. 1.
Pingali, P. (2012), “Green Revolution: Impacts, limits, and the Path
Ahead”. Proceedings of the National Academy of Sciences of the
United States of America. 109. 12302-12308.
Pingali, P., and M. Rosegrant (1995), “Agricultural Commercialization and
Diversification: Processes and Policies”. Food Policy. 20. 171-185.
Renard, D., and D. Tilman (2019), “National Food Production Stabilized
by Crop Diversity”. Nature, 571(7764), 257-260.
Sanghi, A., K. S. Kavi Kumar and J. W. McKinsey Jr (1998), “India
Agriculture and Climate Data Set”. Washington, DC: World Bank.
Sharma, S., and P. Mujumdar (2017), “Increasing Frequency and Spatial
extent of Concurrent Meteorological Droughts and Heatwaves in
India”. Scientific reports, 7(1), 1-9.
41

Smith J. C., A. Ghosh and R. J. Hijmans (2019), “Agricultural
Intensification was Associated with Crop Diversification in India
(1947-2014)”. PLoS ONE 14(12).
Subash, N., and H. S. R. Mohan (2011), “Trend Detection in Rainfall and
Evaluation of Standardized Precipitation Index as a Drought
Assessment Index for Rice-Wheat Productivity over IGR in India”.
International Journal of Climatology. 31, 1694–1709.
Van Loon, A.F., K. Stahl, G. Di Baldassarre, J. Clark, S. Rangecroft, N.
Wanders, T. Gleeson, A. I. Van Dijk, L. M. Tallaksen, J.
Hannaford and R. Uijlenhoet (2016), “Drought in a HumanModified World: Reframing Drought Definitions, Understanding,
and Analysis Approaches”.
World Bank (2013), “Turn Down the Heat: Climate Extremes, Regional
Impacts, and the Case for Resilience: A Report of the World
Bank”. World Bank, Washington D.C., U.S.
Yu, T., and B. A. Babcock (2010), “Are US Corn and Soybeans Becoming
More Drought Tolerant?” American Journal of Agricultural
Economics, 92(5), 1310-1323.
Zhang, X., R. Obringer, C. Wei, N. Chen and D. Niyogi (2017), “Droughts
in India from 1981 to 2013 and Implications to Wheat
Production”. Scientific reports, 7, 44552.
Zimmerer, K. S., (2010), “Biological Diversity in Agriculture and Global
Change.” Annual Review of Environment and Resources 35: 137–
66.

42

APPENDIX
Table A.1: Estimates of Crop Diversity and Yield Relationship:
Green Revolution Period, IAC Dataset (based on Drought_2)
Yield
Variable

(1)

(2)

(3)

(4)

(5)

(6)

Kharif
Temperature
Rabi
Temperature

-0.061*** -0.049***
(0.012)
(0.012)
0.005
0.006
(0.007)
(0.007)

-0.053*** -0.053*** -0.051***
(0.012)
(0.012)
(0.012)
0.001
0.001
0.003
(0.007)
(0.007)
(0.007)

-0.051***
(0.012)
0.003
(0.007)

Kharif
Precipitation

0.059***
(0.012)

0.063***
(0.012)

0.067***
(0.012)

0.065***
(0.012)

0.066***
(0.012)

0.065***
(0.012)

Rabi
Precipitation

0.122**
(0.061)

0.115*
(0.059)

0.092
(0.059)

0.088
(0.059)

0.103*
(0.059)

0.100*
(0.059)

Drought_2
Irrigation

-0.047*** -0.052*** -0.061*** -0.105*** -0.099*** -0.131***
(0.011)
(0.011)
(0.011)
(0.027)
(0.015)
(0.028)
0.644*** 0.514*** 0.514*** 0.483***
0.484***
(0.047)
(0.048)
(0.048)
(0.048)
(0.048)
-0.991***
(0.066)

*Diversity Index
Diversity Index *
Drought_2
Irrigation *
Drought_2

-0.998*** -0.996***
(0.066)
(0.066)

-1.001***
(0.066)

0.070*
(0.038)

0.053
(0.039)
0.122***
(0.035)

0.128***
(0.035)

Observations

5,216

5,200

4,941

4,941

4,941

4,941

Adj. R-square

0.869

0.877

0.887

0.887

0.887

0.887

District Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Year Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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Table A.2: Estimates of Crop Diversity and Yield Relationship:
Green Revolution Period, ICRISAT Dataset (based on
Drought_2)
Yield
Variable
Kharif
Temperature
Rabi
Temperature
Kharif
Precipitation
Rabi
Precipitation
Drought_2

(1)

(2)

(3)

(4)

(5)

(6)

-0.046***
(0.012)
-0.004
(0.007)
0.057***
(0.012)
0.163***
(0.056)
-0.049***
(0.010)

-0.038***
(0.011)
0.002
(0.007)
0.059***
(0.011)
0.132**
(0.055)
-0.052***
(0.010)
0.630***
(0.037)

-0.040***
(0.011)
-0.009
(0.007)
0.061***
(0.011)
0.092*
(0.055)
-0.062***
(0.010)
0.568***
(0.038)
-0.964***
(0.066)

-0.040***
(0.011)
-0.009
(0.007)
0.061***
(0.011)
0.091*
(0.055)
-0.071**
(0.030)
0.567***
(0.038)
-0.966***
(0.066)
0.013
(0.042)

-0.038***
(0.011)
-0.008
(0.007)
0.059***
(0.011)
0.099*
(0.055)
-0.099***
(0.014)
0.546***
(0.038)
-0.967***
(0.065)

0.109***
(0.028)

-0.038***
(0.011)
-0.008
(0.007)
0.060***
(0.011)
0.100*
(0.055)
-0.088***
(0.030)
0.546***
(0.038)
-0.965***
(0.066)
-0.017
(0.043)
0.111***
(0.028)

Irrigation
Diversity Index
Diversity Index *
Drought_2
Irrigation *
Drought_2
Observations

5,226

5,226

4,968

4,968

4,968

4,968

Adj. R-square

0.882

0.889

0.897

0.897

0.898

0.898

District Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Year Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1

44

Table A.3: Estimates of Crop Diversity and Yield Relationship:
Post-Green Revolution Period, ICRISAT Dataset (based on
Drought_2)
Yield
Variable
Kharif
Temperature
Rabi
Temperature
Kharif
Precipitation
Rabi
Precipitation
Drought_2

(1)

(2)

(3)

(4)

(5)

(6)

0.023**
(0.012)
-0.046***
(0.008)

0.025**
(0.012)
-0.047***
(0.008)

0.017
(0.012)

0.014
(0.012)

0.017
(0.012)

-0.033
-0.055
-0.126*
(0.064)
(0.063)
(0.064)
-0.142*** -0.141*** -0.140***
(0.013)
(0.013)
(0.013)

-0.128**
(0.064)
-0.064*
(0.038)

-0.129**
(0.064)
-0.176***
(0.018)

-0.131**
(0.064)
-0.095**
(0.039)

0.213***
(0.017)

0.212***
(0.017)

0.202***
(0.018)

0.201***
(0.018)

-0.219*** -0.199***
(0.070)
(0.070)

-0.219***
(0.070)

-0.197***
(0.070)

0.077***
(0.027)

-0.130**
(0.056)
0.081***
(0.027)

0.026**
0.025**
0.022*
0.024**
(0.012)
(0.012)
(0.012)
(0.012)
-0.036*** -0.041*** -0.048*** -0.048***
(0.008)
(0.007)
(0.008)
(0.008)
0.017
(0.011)

Irrigation

0.014
(0.011)

Diversity Index

0.015
(0.012)

0.212***
(0.017)

Diversity Index *
Drought_2
Irrigation *
Drought_2

-0.119**
(0.056)

Observations

7,600

7,600

7,338

7,338

7,338

7,338

Adj. R-square

0.916

0.918

0.919

0.919

0.919

0.919

District Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Year Fixed Effects

Yes

Yes

Yes

Yes

Yes

Yes

Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1
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