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Spatial Characteristics of Long-Term Changes in  
Indian Agricultural Production:  

District-Level Analysis, 1965-2007
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Abstract:  In this paper, we comprehensively describe spatial patterns of long-term 
changes in Indian agriculture at the district level. Variables of concern include the 
intensity of land-use, the shares of rice and wheat in areas under foodgrains, the 
ratio of non-foodgrains in gross cultivated area, the intensity of fertilizer-use, and 
individual crop shares in gross cultivated areas. As one outcome of the descriptive 
analysis, we propose a new regional classification of Indian districts based on 
similarity in rainfall, initial cropping and land-use patterns, and initial conditions 
and changes in irrigation. The proposed classification has reasonable explanatory 
power in describing the spatial patterns of long-term changes at the district level.
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1. Introduction

Sustaining agricultural growth is key to rural development and poverty reduction 
in India. As the room for extensive expansion has almost disappeared in Indian 
agriculture, it is critically important to improve land productivity to sustain 
growth. Among the various factors that contribute to productivity improvement, 
the introduction of new technology has been investigated most intensively in the 
literature. For example, in the standard literature on long-term growth in agricultural 
production in India, the contribution of the Green Revolution that began in the late 
1960s has been emphasised (e.g., Bhalla and Tyagi 1989, Bhalla and Singh 2001, 
Bhalla and Singh 2009, Bhalla and Singh 2012). Green Revolution technology is 
characterised by high-yielding seeds, chemical fertilizer, and irrigation. Another area 
on which the existing literature has focused — as shown in the pages of the Review 
of Agrarian Studies — is that of institutions, including land tenancy, labour market 
institutions, and credit markets.
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Besides these, there is another source of agricultural productivity growth, one 
less investigated in the literature. Even with little improvement in per-acre yield 
of individual crops, the productivity of land can increase through the reallocation 
of crops from low value-added to high value-added crops and from regions where 
productivity is low to regions where productivity is high. Using a longer-term horizon 
than adopted in the traditional literature, Kurosaki (2002, 2011, 2015) showed that 
sustained growth in agricultural production began in India during the 1950s, much 
earlier than the onset of the Green Revolution, and shifts from low- to high-value 
crops (changes in cropping patterns) contributed to agricultural growth during the 
earlier growth period. Similar findings were obtained for areas currently in Pakistan 
Punjab (Kurosaki 2003). Kurosaki (2003) also demonstrated that crop shifts from 
low-productivity districts to high-productivity districts contributed to agricultural 
growth in West Punjab, especially during the colonial period. Nevertheless, there is a 
dearth of empirical studies on the contribution of spatial crop shifts to productivity 
improvement in post-Independence Indian agriculture.

This paper describes spatial patterns of long-term changes in Indian agriculture at 
the district level for the period from 1965 to 2007. The analysis employs the district, 
as defined by district boundaries prevalent in 1965, as the unit of investigation. The 
paper is descriptive in nature, and does not aim to rigorously investigate the role of 
technology or policies or agrarian structure. Which districts produced which crops? 
How have such spatial patterns changed over time? We address these questions in 
this paper by combining various quantitative methods to describe spatial changes.

Such descriptive information is useful in addressing more fundamental questions, 
such as those concerning the kinds of market and technology development that 
characterise Indian agriculture. To understand the salience of such information, a 
microeconomic theory of spatial equilibrium (Takayama and Judge 1971) is useful. 
Agricultural production is linked with consumption demand in general. This linkage 
implies that when agricultural output markets are underdeveloped, farmers in a 
village produce what people in the village want to consume. This is a situation in 
which spatial equilibrium is closed within a village as a unit. The equilibrium is 
characterised by village-specific shadow prices,1 which may diverge from market 
prices. Without technical innovation in the production of individual crops, there is 
no room for productivity improvement in this situation. As agricultural output and 
factor markets develop, however, farmers and villages become more able to respond 
to demand from outside the village. By shifting to crops whose value added is higher 
if calculated using market prices, production value can be improved even without 
innovation in individual crop production technology. If such market development is 
accompanied by irrigation development, the room for individual farmers to respond 
to market incentive becomes larger. The spatial pattern of agricultural production 

1 See de Janvry et al. (1991) for how shadow prices are defined in mathematical models of farmers facing 
underdeveloped markets.
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changes over time reflects such market and technology development (Takayama and 
Judge 1971, Timmer 1997).

With this theoretical background, Kurosaki (2003) provided district-level analysis 
for the case of West Punjab (now in Pakistan) agriculture for the period from 1903 
to 1992. This paper shares the research motivation of Kurosaki (2003) but extends 
the analysis to the whole of India. As all-India district-level analyses of agricultural 
production, Bhalla and Singh (2001) and Bhalla and Singh (2012) are notable 
studies. These studies, however, do not interpret the observed spatial changes in the 
microeconomic framework of market development and spatial equilibrium. Such a 
focus distinguishes this paper from those studies.

The rest of the paper is organised as follows. Section 2 explains the data used and 
shows the heterogeneity observed across districts with respect to agricultural 
intensification. The evidence on heterogeneity is the first descriptive exercise on 
spatial characteristics of changes in Indian agriculture. As the second descriptive 
exercise, Section 3 shows district-level GIS maps, which enables an eyeball perusal 
of changes in spatial production patterns that occurred between 1965 and 2007. In 
Section 4, we propose new agricultural zones derived from cluster analysis using the 
district-level data, which is another way to aggregate spatial changes in descriptive 
analysis. Section 5 adopts a more parametric approach to describe spatial changes, 
i.e., a regression analysis applied to district-level panel data. The regression analysis 
identifies correlates of changes in intensification measures. Section 6 presents our 
conclusions.

2. Data

2.1 Dataset Used

We use the district-level study (DLS) database compiled by the International Crops 
Research Institute for the Semi-Arid Tropics (ICRISAT). The original data sources 
include government statistics such as Agricultural Statistics of India and related 
publications at the State level. The compilation procedure is reported in the DLS 
manual (ICRISAT 1998). Although our dataset is based on the revised version up 
to 2007, the DLS manual has not been revised. The period of analysis is 42 years: 
from agricultural year 1965-6 to agricultural year 2006-7.2 Smaller districts, where 
agricultural production is negligible and statistics are reported only sporadically, 
have been dropped from the analysis. Several observations with inconsistent data 
have also been dropped.

As a result, we employ a balanced panel dataset of 311 districts spread over 19 major 
States of India (Andhra Pradesh, Assam, Bihar, Chhattisgarh, Gujarat, Haryana, 
Himachal Pradesh, Jharkhand, Karnataka, Kerala, Madhya Pradesh, Maharashtra, 

2 An agricultural year in India refers to the period from July 1 to June 30.
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Odisha, Punjab, Rajasthan, Tamil Nadu, Uttar Pradesh, Uttarakhand, and West 
Bengal) over the 42 years. The 311 districts were based on district borders in 1965. 
The boundaries of these 311 districts covered 498 districts in 2007. Regarding the 
State coverage, the analysis excludes 9 small States, including Jammu & Kashmir, 
Sikkim, and Goa, and 7 federal territories. Figure 1 shows the spatial coverage of 
these 311 districts.

From the DLS database, we compiled the following variables for analysis. As 
production factors, we employ gross cultivated area (gca), net cultivated area (nca), 
irrigation ratio (“net cultivated area, irrigated” divided by nca), quantity of fertilizer 
(the sum of N, P, and K fertilizers), the number of agricultural markets, the length 
of paved roads, and rainfall indicators. For individual crops, we employ area and 

Figure 1 Spatial distribution of the 311 districts analysed
Note: The shaded area within thin lines corresponds to a district (boundaries in 1965) included in this study. 
Bolder lines show state boundaries in 2014.
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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output quantity of rice, wheat, maize, sorghum (jowar), pearl millet (bajra), finger 
millet (ragi), barley, chickpea (gram), pigeonpea (toor or arhar), and other pulses. The 
sum of areas under these crops covers 60 to 70 per cent of the gross cultivated area.3

As demonstrated by Kurosaki (2011) and Kurosaki (2015), twentieth-century Indian 
agriculture can be characterised by sustained growth through improving land 
productivity and shifts to higher value-added crops. These papers have shown that 
the index of land use intensity (=gca/nca), the share of rice and wheat in the area 
under foodgrain crops (srw), and the share of non-foodgrain crops in the gross 
cultivated area (snfg) gradually increased throughout the century.

2.2 Spatial Heterogeneity in Agricultural Intensification

Has the increase in these measures in agricultural intensification occurred 
homogeneously in all districts in India? As the first descriptive analysis of spatial 
characteristics, we plot the district-level trends of gca, intensity, snfg, and srw in a 
histogram (Figure 2).

Figure 2 clearly shows substantial inter-district heterogeneity. Although the four 
indices were associated with positive trends at the all-India level, the trend was 
negative for a non-negligible number of districts. Heterogeneity was more substantial 
for snfg and srw than for gca and intensity. This suggests that, throughout India, 
gross cultivated area increased, mostly through rising intensity of land use, while 
the list of crops that occupied the increased area under cultivation differed from 
district to district. Furthermore, the heterogeneity of trends in snfg and srw has been 
increasing in recent years.4 In the next section, we examine which crops specifically 
were responsible for such heterogeneity.

3. Spatial Changes in Agricultural Production,  
Described through GIS Maps

In this section, we describe spatial changes in agricultural production using GIS maps 
at the district level. In other words, this is an eyeball investigation of spatial patterns. 
Each map in the Appendix shows four figures for each variable of interest. The upper 
left figure plots the initial distribution in five quantiles, where the initial period refers 
to the three-year average from 1965-6 to 1967-8. The upper right figure (terminal, 
A) plots the terminal distribution in five quantiles, whose quantile thresholds 
are the same as those used for the initial quantiles. The terminal period refers to 
the three-year average from 2004-6 to 2006-7. The lower left figure (terminal, B)  

3 The dataset includes crop information for oilseeds, sugarcane, cotton, potato, onion, and fodder crops. In this 
paper, we aggregate them as non-foodgrain crops. Crop-wise analysis of non-foodgrain crops is left for further 
analysis.
4 Figure 2 was redrawn using the sub-sample of the period up to 1995. The redrawn figure shows more compact 
distribution for snfg and srw. The redrawn figure is available on request from the authors.
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plots the terminal distribution in five quantiles, whose quantiles are re-defined over 
the terminal values. The comparison of the initial and terminal A tells us about 
absolute changes in spatial patterns, while the comparison of the initial and terminal 
B tells us about relative changes in spatial patterns. The lower right figure plots the 
distribution of growth rate. The growth rate was estimated for each district from 
42-year data using OLS. We include maps that show interesting spatial changes in 
the Appendix. Maps not shown in the Appendix are available on request from the 
authors.

3.1 Cropped Area

Gross cultivated area (gca) increased in most districts in India (Appendix Map 1). The 
positive trend was more significant in northern districts such as those in Rajasthan, 
Punjab, Haryana, Madhya Pradesh, West Bengal, and Assam than elsewhere. On the 
other hand, several districts were associated with negative trends in gca, many of 
which are in Himachal Pradesh, Bihar, and Tamil Nadu.
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Figure 2 Distribution of average annual growth rates at the district level, 1965-6–2006-7
Note: We first regress a time series model for each of the 311 districts, using the natural logarithm of gca, 
intensity, snfg, or srw as the dependent variable and the annual trend as the explanatory variable (gca = gross 
cultivated area, intensity = gca /net cultivated area, snfg = the share of non-foodgrain crops in gca, srw = the 
share of rice and wheat in the areas under foodgrain crops). We then plot the distribution of the 311 param-
eter estimates in a histogram. To make histograms easy to compare, we trim the range between -.02 (annual 
average decline at 2 per cent) and .04 (annual average increases at 4 per cent). The number of outliers outside 
the range is 2 for gca, 0 for intensity, 22 for snfg, and 10 for srw.
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Looking at individual crops, rice-dominated districts in the initial years remained 
mostly the same in the terminal years (Appendix Map 2). Districts with higher trends 
in rice area than other districts were concentrated in Punjab, Haryana, Chhattisgarh, 
and West Bengal. Other than the districts in West Bengal, these districts were located 
inland. Districts with negative trends in rice area were found in Tamil Nadu, Bihar, 
Jharkhand, and several places in western India.

Wheat production is concentrated in north India (Appendix Map 3), spanning 
districts in Punjab and Haryana (henceforth called “Punjab region”) to districts in 
Uttar Pradesh, Bihar, Rajasthan, Madhya Pradesh, and Maharashtra. Districts with 
higher trends than the national average were also concentrated in the same States, 
with the exception of Maharashtra. In Maharashtra, districts once cropped with large 
areas of wheat were associated with negative trends in wheat area, as was the case in 
districts in south India, where wheat was not much cultivated as part of traditional 
farming systems.

A distinct spatial contrast is observed with respect to coarse millets. In the case of 
maize (Appendix Map 4), initial production was concentrated in the northern districts 
of Punjab, Haryana, Uttar Pradesh, Bihar, Jharkhand, and Rajasthan. In most of these 
districts, maize area decreased after the mid-1960s. New maize-producing centres 
have been emerging in Maharashtra, Madhya Pradesh, Karnataka, interior Andhra 
Pradesh, and interior Tamil Nadu. The production of sorghum (jowar) decreased in 
most districts throughout India, with no significant change in production centres 
in districts south of Maharashtra (Appendix Map 5). The production of pearl millet 
(bajra) also decreased in the majority of districts in India (Appendix Map 6). It is 
noteworthy that we found several exceptional districts in eastern Rajasthan where 
bajra area had been increasing. The overall decline was observed for ragi area as 
well, including those districts — for example, in Tamil Nadu, Karnataka, Andhra 
Pradesh, and Odisha — where finger millet was once one of the most important crops 
(Appendix Map 7). In contrast to the overall declining trend, districts in Uttarakhand 
showed an increase in ragi area. Barley has become a minor crop in most districts, 
including districts in Uttar Pradesh where barley once occupied a substantial share 
of the cropped area.

A significant spatial shift of production centres was observed for chickpea (Appendix 
Map 8). The traditional production centres in northern districts in Punjab, Haryana, 
Uttar Pradesh, and Bihar witnessed a rapid decline of area under chickpea. New 
chickpea production districts appeared in Madhya Pradesh, Maharashtra, and 
northern Karnataka. In other words, the production centre of chickpea has travelled 
south. Traditional chickpea-producing districts in Uttar Pradesh, Maharashtra, and 
Karnataka experienced a slight decrease in area under the crop. No new centre of 
significance is emerging, however. The production of other pulses is, on average, on 
the decline other than in several districts in Odisha.
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3.2 Intensity of Land Use

As summary measures of cropping patterns focusing on the change in land use 
intensity, Appendix Maps 9–11 plot intensity, srw, and snfg, which were already 
discussed in Figure 2 regarding the heterogeneity among districts. By looking at 
the maps, we can pinpoint the places where each of these measures increased or 
decreased.

The variable intensity was high in the initial years (the 1960s) in districts located in 
Punjab, Uttar Pradesh, Odisha, and West Bengal (Appendix Map 9). This regional 
pattern remained the same in terminal years during the 2000s. Trends in intensity 
were positive in the majority of districts, especially in those districts whose initial 
level of intensity was high. Districts associated with a decline in intensity were 
concentrated in Tamil Nadu and Himachal Pradesh.

The importance of rice and wheat in foodgrain production (srw) was high in initial 
years in districts located in the Punjab region, Uttar Pradesh, West Bengal, western 
Odisha, and coastal districts on the Arabian Sea (Appendix Map 10). The trends 
in srw were highly positive in the Punjab region and Uttar Pradesh, and negative 
in Odisha. Changes in cropping patterns in the direction of Green Revolution 
crops occurred more in the Punjab region than elsewhere. Furthermore, many arid 
districts in Rajasthan, where rice or wheat were not cultivated due to the lack of 
water, experienced a rapid increase in srw, thanks to recent irrigation development. 
In northern and western parts of India, irrigation in arid and semi-arid environments 
clearly favoured these Green Revolution crops.

The tendency to grow pure cash crops is captured by the variable snfg (Appendix Map 
11). In initial years, snfg was high in the western half of India, coming down from 
Punjab in the north to Tamil Nadu and Kerala in the south. As trends in snfg were 
lower in Punjab than in the western and southern parts of India, snfg became higher in 
the western and southern parts of India but not in north-western India in the terminal 
years. In other words, the spatial change in cropping patterns was heterogeneous 
across regions, reflecting the differing comparative advantage of each district with 
respect to different crops. In some districts, the direction of change was towards Green 
Revolution crops, while in others the direction was away from Green Revolution crops.

3.3 Interpretation

The descriptive analysis in this section implies the following. First, regarding the 
area under crops, Indian agriculture reached the limits of extensive expansion in the 
late nineteenth and early twentieth centuries (Kurosaki 2015). To overcome the limits 
on expansion through extensive growth, land use intensity increased, especially in 
north India, where irrigation developed. The spread of chemical fertilizer was another 
factor that contributed to the intensification of land use, but the spread was also 
facilitated by irrigation. During the initial years of our reference period, irrigation 
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was better developed in north India and districts on the Bay of Bengal coast, 
including districts of Tamil Nadu. Water availability improved almost everywhere 
since then. The districts that experienced higher growth in land intensity overlapped 
with districts where irrigation developed relatively fast.

Throughout the reference period of our analysis, we observed shifts in cropping 
patterns, for example, an increase in the area under rice and wheat in the Punjab 
region, and new production centres with respect to millets in the interior parts of India. 
These changes suggest that production specialisation has been going on in response 
to comparative advantages associated with heterogeneous climatic conditions and 
irrigation development. As Kurosaki (2003) suggested, rural infrastructure such as 
roads and markets could be responsible for these changes as well. According to the 
same study, there were two different phases of development of agricultural output 
markets. The first, which involved local market integration linking nearby villages and 
cities, occurred during the colonial period, and the second, characterised by national 
market integration, occurred after Independence in 1947. The spatial changes observed 
during the period of our study suggest that the process continued in independent India.

4. A New Typology of Indian Agriculture

4.1 Empirical Strategy: Cluster Analysis Using District-Level Data

In the previous section, spatial changes observed in GIS maps were discussed using 
States as the main unit of regional variation within India. However, in many cases, 
within-State heterogeneity is significant, and, in other cases, some districts in a State 
showed patterns more similar to districts in the neighbouring State than to the other 
districts in the same State. Using zones of regional typology is thus a convenient tool 
to aggregate spatial changes in descriptive analysis.

In the literature, several typologies of regional zones with respect to Indian 
agriculture have been proposed. They include State boundaries, as used in Section 3; 
fifteen agro-climatic zones designated by the Indian Ministry of Agriculture; agro-
climatic regions from B1 to B8 of the ICRISAT, which were employed in ICRISAT 
(1998); a more recent attempt at ICRISAT (Rao et al. 2004), discussed below; and the 
twenty-one ecological and agrarian regions for the Indian subcontinent prepared by 
Thorner (1996). Given the rich panel information included in our dataset, we attempt 
to exploit district-level information to construct a new typology. We examine the 
usefulness of the new typology in two ways: its ability to show coherent patterns 
(Section 4.2) and its explanatory power in parametric regressions (Section 5). Before 
the examination, we explain the methodology that we use to group districts.

We adopt a quantitative methodology called “cluster analysis.” It is a general term 
corresponding to the task of grouping a set of objects (in our case, districts) in such a 
way that districts in one group (called a “cluster”) are more similar to each other than 
to districts in other clusters in terms of several observable characteristics. To solve 
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the clustering task, various computer algorithms have been proposed and we have 
chosen one that is widely used in applied economics.5 Similar cluster analysis has 
been conducted for India as well, for example by Rao et al. (2004).

Regarding the observable characteristics used for the classification, we use 15 
variables that correspond to the initial conditions and one trend variable. The 16 
variables are the variables that have been described in previous sections. They 
include the initial values (average of the first five years of the period of our study) of 
rainfall (annual, June, and July–August), irrigation ratio, land use intensity (intensity, 
analysed earlier), the shares of 10 crops in gross cultivated area, and the annual 
trend of the irrigation ratio (obtained from time-series regression for each district). 
Our strategy is thus to employ predetermined variables of production choices and 
exogenous technology variables in order to describe the current production structure. 
In the classification exercise, we do not pay any attention to geographic contiguity. 
The cluster analysis results may show zones with geographically compact areas; if 
the zoning predicts a zone comprising several districts that are not contiguous we 
consider such information useful and believe that the results should be reported as 
they are.

Our approach is in sharp contrast to the one adopted by Rao et al. (2004), described 
in detail in ICRISAT (1999). They derived a regional typology with 15 zones 
(or 18 zones, as two zones are further divided into subzones) using cross-section 
DLS data of averages of three years from 1997-8 onwards. Their list of observable 
characteristics includes the shares of 15 crops and five livestock products in the gross 
value of agricultural output. They also allowed for different classifications depending 
on rainfed and irrigated regions and adjusted zone boundaries so that each zone 
was geographically contiguous. As their procedure classifies districts according to 
the production mix prevailing in the late 1990s, it provides us with a useful insight 
on the production structure corresponding to that specific period. However, the 
choice of variables is mechanical and does not reflect microeconomic reasoning with 
respect to initial factors, the endogeneity of crop choices, and market structure. If the 
focus were on describing structure at a specific period, their approach is justifiable; 
we believe, however, that the zoning procedure is better applied periodically, with 
regular revisions. In other words, the procedure is not very useful in inferring 
underlying, fundamental factors that affect spatial patterns of long-term dynamic 
changes. Our choice of the 16 observable variables is the result of our attempt to 
overcome these shortcomings.

The algorithm applied to our data clearly suggests a coarse typology with 5 zones 
and a medium-level typology with 10 zones, as shown in Figure 3. Unfortunately, 

5 Specifically, we adopt a hierarchical clustering algorithm based on Ward method using similarity of Euclid 
and the same weight for observable variables (standardised) in calculating the similarities. See Everitt et al. 
(2001) for methodological details. The command cluster in the STATA 10 software was used to obtain clustering 
results.	
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Figure 3 New typology zones derived from cluster analysis 
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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more detailed typologies with more than 10 zones resulted in unstable classifications, 
depending on specific algorithms. Therefore, we mainly use the medium-level 
typology with 10 zones in this paper.

4.2 Characteristics of the New Typology Zones

What spatial patterns does each zone in our proposed typology show? If each zone 
did not show coherent patterns, our new typology would be of little value. We 
thus prepared Table 1, showing the characteristics of each zone as derived from the 
cluster analysis. It specifically reports the spatial distribution of each zone and the 
average values of the 16 variables on which our clustering was based. We describe 
the characteristics for each of the five large zones (L1–L5), with explanations for 
medium-level zones (M1–M10) within each large zone.

Zone L1 contains districts where rice cultivation dominated in the initial years 
(the “rice zone”). The rice zone (L1) is subdivided into M1 districts in States such as 
Odisha, West Bengal, and Assam, and M2 districts in States such as Andhra Pradesh 
and Tamil Nadu. The two sub-zones are distinguished by the amount of rainfall and 
the extent of irrigation development: M1 is thus called a “high rainfall, rainfed rice 
zone” while M2 is called a “low rainfall, irrigated rice zone.”

Zone L2 (=zone M3) spreads into districts in hilly and coastal areas in Kerala, Assam, 
coastal Andhra Pradesh, and coastal Karnataka. Due to extremely high rainfall, rice 
crops were dominant in the initial years as in Zone L1. However, L2 was distinguished 
from other zones by the relatively high extent to which non-foodgrain crops were 
produced. For this reason, we call L2 “extreme rainfall, rainfed, non-foodgrain zone.”

Zones L3–L5 are characterised by semi-arid agriculture, distinguished by the extent 
of land use intensity, irrigation ratio, and traditional crops. Using the most traditional 
crops in these districts as reference, we call L3 “semi-arid, extensive, wheat-pulse 
zone,” L4 “semi-arid, intensive, maize zone,” and L5 “rainfed, extensive, millet zone.”

Zone L3 “semi-arid, extensive, wheat-pulse zone” is further subdivided into M4 
(semi-arid, extensive, wheat-chickpea zone), which spreads over Madhya Pradesh, 
Uttar Pradesh, Haryana, and Rajasthan, and M5 (semi-arid, extensive, pigeonpea-
barley zone), which spreads over Uttar Pradesh and Madhya Pradesh. The key crop 
characterising M4 is chickpea (gram), while the crop characterising M5 is pigeonpea 
(tur/arhar).

Zone L4 (semi-arid, intensive, maize zone) is similarly subdivided into M6 (semi-
arid, intensive, maize-dominant zone) and M7 (irrigation-intensive, wheat-maize 
zone). In M6, the importance of maize in the traditional cropping patterns was more 
distinct than in M7. M7 may be alternatively called “Punjab-type zone.” It contains 
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districts in Punjab, Haryana, and western Uttar Pradesh, where the Green Revolution 
first spread in the late 1960s.

Zone L5 contains three sub-zones, differentiated by the most important millet 
crop. M8 districts, where sorghum (jowar) dominated among the millets during the 
initial years of our reference period, are located in Maharashtra, Madhya Pradesh, 
Andhra Pradesh, and Rajasthan. M9 districts, where finger millet (ragi) was the 
dominant millet, are only found in Karnataka. M10 districts, characterised by the 
importance of pearl millet (bajra) among millets, are located in Rajasthan, Gujarat, 
and Maharashtra.

While Table 1 shows the characteristics of each zone in the initial part of the reference 
period, Table 2 summarises the trends experienced in districts located in each zone 
and the terminal characteristics, as apparent in the 2000s. It is worth noting that 
the high level of land use intensity among L4 districts was maintained, and that 
these districts were characterised by intensive use of land at the end of the reference 
period. In particular, districts in M7 (Punjab-type zone) witnessed a growth rate 
of land use intensity and fertilizer use higher than other regions. Looking at the 
rice-wheat ratio (srw) or the non-foodgrain ratio (snfg), the zone-wise difference is 
not very substantial. An exception is the rapid increase of srw in M10 (bajra zone), 
reflecting the replacement of bajra by wheat as irrigation developed. In districts in 
M10, fertilizer use increased much faster than in other zones.

As shown above, the cluster analysis using 16 variables suggests a new spatial 
typology of Indian agriculture. Each zone (or sub-zone) derived through the cluster 
analysis was associated with its own initial conditions and changes thereafter. We 
conclude, therefore, that the new typology can show coherent patterns in district-
level descriptive analysis.

5. Correlates of District-Level Changes in Land and Fertilizer Use

5.1 Empirical Model

Thus far in this paper, we have found that our four indicators of agricultural 
production intensity showed different spatial dynamics across districts and zones. 
The four indicators were intensity (gross cultivated area divided by net cultivated 
area), srw (area share of rice and wheat in the total area under foodgrain crops), snfg 
(areas under non-foodgrain crops divided by gross cultivated area), and fertilizer 
(per-acre use of chemical fertilizer, the total of N, P, and K). In this section, we 
estimate a parametric regression model to identify correlates of district-level changes 
in these variables. The objective of the regression exercise is, again, descriptive. We 
want to quantify the districts that experienced fast (or slow) growth with respect to 
the four measures. Candidates for the correlates include State boundaries, the new 
zones suggested in the previous section, and additional structural variables. As a  
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Table 1 Characteristics of new typology zones for Indian agriculture, derived from 
cluster analysis

Large (5 
zones)

Medium  
(10 zones)

Number 
of 

districts

States included* Rainfall Intensity, 
initial 
value

Irrigation 
ratio, initial 

value

Irrigation 
ratio, 
trend

Area under individual crop in gross cultivated area, initial value Name (preliminary)

Annual June July-
August

rice wheat maize sorghum pearl 
millet

finger 
millet

barley chickpea pigeonpea other 
pulses

L1 (M1,2) 83 OR, WB, TN, 
AP, BH, CG, 
AS, JK, MP, 
UP, HP, MH

0.20 0.19 -0.11 0.14 0.30 -0.41 1.02 -0.47 -0.28 -0.42 -0.31 -0.04 -0.19 -0.43 -0.41 0.12 Rice zone

M1 53 OR, WB, CG, 
AS, BH, JK, 
MP, MH

0.42 0.51 0.25 0.04 -0.26 -0.31 1.18 -0.47 -0.17 -0.53 -0.38 -0.11 -0.23 -0.36 -0.38 0.18 High rainfall,  
rainfed rice zone

M2 30 AP, TN, BH, UP -0.18 -0.37 -0.73 0.30 1.28 -0.59 0.72 -0.48 -0.48 -0.22 -0.18 0.08 -0.12 -0.55 -0.46 -0.01 Low rainfall, irrigated 
rice zone

L2 M3 29 KL, AS, MH, 
KN, WB

2.43 2.22 2.14 0.02 -0.18 -0.96 0.77 -0.80 -0.38 -0.64 -0.51 0.32 -0.50 -0.69 -0.58 -0.59 Extreme rainfall, 
rainfed, non-
foodgrains zone

L3 (=M4,5) 48 UP, MP, HY, RS -0.32 -0.49 0.03 -0.10 0.01 0.96 -0.43 0.86 -0.33 -0.11 0.11 -0.26 1.17 1.65 1.06 -0.20 Semi-arid, extensive, 
wheat-pulse zone

M4 30 MP, UP, HY, RS -0.35 -0.53 0.06 -0.37 -0.33 1.07 -0.68 1.14 -0.51 0.03 0.29 -0.28 0.15 2.23 0.66 -0.26 Semi-arid, extensive, 
wheat-chickpea zone

M5 18 UP, MP -0.28 -0.43 -0.03 0.36 0.57 0.78 0.00 0.38 -0.03 -0.36 -0.18 -0.23 2.86 0.67 1.73 -0.11 Semi-arid, extensive, 
pigeonpea-barley 
zone

L4 (=M6,7) 61 UP, PJ, UK, RS, 
HP, BH, GJ, 
HY

-0.33 -0.28 -0.14 1.11 0.54 0.11 -0.40 0.93 1.29 -0.61 -0.26 -0.24 0.14 0.10 -0.32 -0.53 Semi-arid, intensive, 
maize zone

M6 27 HP, RS, BH, GJ, 
UK

-0.19 -0.07 -0.11 1.34 -0.29 -0.56 -0.49 -0.01 1.91 -0.58 -0.42 -0.20 0.20 -0.29 -0.39 -0.56 Semi-arid, intensive, 
maize-dominant 
zone

M7 34 UP, PJ, HY -0.44 -0.45 -0.17 0.92 1.19 0.64 -0.33 1.68 0.79 -0.63 -0.12 -0.28 0.10 0.42 -0.27 -0.51 Irrigation-intensive, 
wheat-maize zone

L5 (=M8,9,10) 90 MH, RS, MP, 
KN, GJ, AP

-0.57 -0.44 -0.51 -0.83 -0.58 0.10 -0.68 -0.40 -0.31 1.07 0.56 0.24 -0.38 -0.33 0.22 0.55 Rainfed, extensive, 
millet zone

M8 57 MH, MP, AP, RS, 
KN, GJ

-0.42 -0.31 -0.34 -0.83 -0.62 0.17 -0.65 -0.30 -0.21 1.73 -0.14 -0.18 -0.40 -0.18 0.66 0.40 Rainfed, extensive, 
jowar zone

M9 7 KN -0.50 -0.71 -1.20 -0.70 -0.11 -0.50 -0.31 -0.89 -0.52 -0.22 -0.39 5.35 -0.54 -0.66 -0.06 1.02 Rainfed, extensive, ragi 
zone

M10 26 RS, GJ, MH -0.93 -0.64 -0.70 -0.85 -0.63 0.10 -0.85 -0.48 -0.49 -0.04 2.36 -0.23 -0.28 -0.56 -0.67 0.77 Rainfed, extensive, 
bajra zone

Notes: 1. *Names of States: AP=Andhra Pradesh, AS=Assam, BH=Bihar, CG=Chhattisgarh, GJ=Gujarat, 
HP=Himachal Pradesh, HY=Haryana, JK=Jharkhand, KN=Karnataka, KL=Kerala, MP=Madhya 
Pradesh, MH=Maharashtra, OR=Odisha, PJ=Punjab, RS=Rajasthan, TN=Tamil Nadu, UP=Uttar Pradesh, 
UK=Uttarakhand, WB=West Bengal.
2. This table reports the normalised cluster-wise average. Therefore, under the normal distribution, the 
threshold for the top 5 per cent (bottom 5 per cent) is +1.64 (-1.64), while the threshold for the top 10 per cent 
(bottom 10 per cent) is +1.28 (-1.28).
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Table 1 Characteristics of new typology zones for Indian agriculture, derived from 
cluster analysis

Large (5 
zones)

Medium  
(10 zones)

Number 
of 

districts

States included* Rainfall Intensity, 
initial 
value

Irrigation 
ratio, initial 

value

Irrigation 
ratio, 
trend

Area under individual crop in gross cultivated area, initial value Name (preliminary)

Annual June July-
August

rice wheat maize sorghum pearl 
millet

finger 
millet

barley chickpea pigeonpea other 
pulses

L1 (M1,2) 83 OR, WB, TN, 
AP, BH, CG, 
AS, JK, MP, 
UP, HP, MH

0.20 0.19 -0.11 0.14 0.30 -0.41 1.02 -0.47 -0.28 -0.42 -0.31 -0.04 -0.19 -0.43 -0.41 0.12 Rice zone

M1 53 OR, WB, CG, 
AS, BH, JK, 
MP, MH

0.42 0.51 0.25 0.04 -0.26 -0.31 1.18 -0.47 -0.17 -0.53 -0.38 -0.11 -0.23 -0.36 -0.38 0.18 High rainfall,  
rainfed rice zone

M2 30 AP, TN, BH, UP -0.18 -0.37 -0.73 0.30 1.28 -0.59 0.72 -0.48 -0.48 -0.22 -0.18 0.08 -0.12 -0.55 -0.46 -0.01 Low rainfall, irrigated 
rice zone

L2 M3 29 KL, AS, MH, 
KN, WB

2.43 2.22 2.14 0.02 -0.18 -0.96 0.77 -0.80 -0.38 -0.64 -0.51 0.32 -0.50 -0.69 -0.58 -0.59 Extreme rainfall, 
rainfed, non-
foodgrains zone

L3 (=M4,5) 48 UP, MP, HY, RS -0.32 -0.49 0.03 -0.10 0.01 0.96 -0.43 0.86 -0.33 -0.11 0.11 -0.26 1.17 1.65 1.06 -0.20 Semi-arid, extensive, 
wheat-pulse zone

M4 30 MP, UP, HY, RS -0.35 -0.53 0.06 -0.37 -0.33 1.07 -0.68 1.14 -0.51 0.03 0.29 -0.28 0.15 2.23 0.66 -0.26 Semi-arid, extensive, 
wheat-chickpea zone

M5 18 UP, MP -0.28 -0.43 -0.03 0.36 0.57 0.78 0.00 0.38 -0.03 -0.36 -0.18 -0.23 2.86 0.67 1.73 -0.11 Semi-arid, extensive, 
pigeonpea-barley 
zone

L4 (=M6,7) 61 UP, PJ, UK, RS, 
HP, BH, GJ, 
HY

-0.33 -0.28 -0.14 1.11 0.54 0.11 -0.40 0.93 1.29 -0.61 -0.26 -0.24 0.14 0.10 -0.32 -0.53 Semi-arid, intensive, 
maize zone

M6 27 HP, RS, BH, GJ, 
UK

-0.19 -0.07 -0.11 1.34 -0.29 -0.56 -0.49 -0.01 1.91 -0.58 -0.42 -0.20 0.20 -0.29 -0.39 -0.56 Semi-arid, intensive, 
maize-dominant 
zone

M7 34 UP, PJ, HY -0.44 -0.45 -0.17 0.92 1.19 0.64 -0.33 1.68 0.79 -0.63 -0.12 -0.28 0.10 0.42 -0.27 -0.51 Irrigation-intensive, 
wheat-maize zone

L5 (=M8,9,10) 90 MH, RS, MP, 
KN, GJ, AP

-0.57 -0.44 -0.51 -0.83 -0.58 0.10 -0.68 -0.40 -0.31 1.07 0.56 0.24 -0.38 -0.33 0.22 0.55 Rainfed, extensive, 
millet zone

M8 57 MH, MP, AP, RS, 
KN, GJ

-0.42 -0.31 -0.34 -0.83 -0.62 0.17 -0.65 -0.30 -0.21 1.73 -0.14 -0.18 -0.40 -0.18 0.66 0.40 Rainfed, extensive, 
jowar zone

M9 7 KN -0.50 -0.71 -1.20 -0.70 -0.11 -0.50 -0.31 -0.89 -0.52 -0.22 -0.39 5.35 -0.54 -0.66 -0.06 1.02 Rainfed, extensive, ragi 
zone

M10 26 RS, GJ, MH -0.93 -0.64 -0.70 -0.85 -0.63 0.10 -0.85 -0.48 -0.49 -0.04 2.36 -0.23 -0.28 -0.56 -0.67 0.77 Rainfed, extensive, 
bajra zone

Table 1 (extended)
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by-product of the regression analysis, we can evaluate how much explanatory power 
our new typology has in descriptive and parametric regression exercises.

The regression model we estimate is specified as:

yit = ai + (b0 + Zibk)t + uit, (1)

where yit is one of the four indicators in district i in year t, a and b are parameters to 
be estimated, Zi is a vector of variables that shift trends, and uit is a zero-mean error.6

As each district is associated with different time-invariant characteristics such as 
weather, geography, and history, the level impact of such heterogeneity is perfectly 
controlled by district fixed effects, ai. After controlling for such heterogeneity, which 
factor explains the diversity in district-level growth rate? This is the main motivation 
for estimating equation (1). In other words, parameters in b are the primary interest 
of this section. Equation (1) can be estimated by a standard one-way fixed effect 
panel method. As Zi in the interaction term has no variation across time, we use 
district-clustered robust standard errors to evaluate the statistical significance of 
parameter b.

We attempt four variants with respect to the choice of Zi. First, when Zi is specified 
as an empty set, parameter b0 identifies the Indian average growth rates of the four 
indicators (Model A). We then include 18 State dummies in Zi as Model B and 9 zone 
dummies as Model C. In Models B and C, we use the State (zone) where the largest 
number of districts are located as the reference, corresponding to parameter b0. Then 
parameter bk shows how much faster or slower growth State (zone) k experienced 
relative to the reference State (zone). In Model D, we include normalised variables of 
initial intensity measures and exogenous technology and infrastructure variables in 
Zi. Then parameter b0 shows the average growth rate corresponding to a hypothetical 
district that had the average values of all variables in Zi while parameter bk shows 
the marginal impact the variable has on the growth rate.

5.2 Regression Results

Regression results are shown in Table 3. As shown in Panel A, which correspond 
to Model A, all four indicators showed a positive trend, statistically significant at 

6 Equation (1) has its dependent variable in levels, not in their logs, and is estimated by weighted least squares 
(WLS). This is because the motivation for the regression analysis is descriptive, i.e., to obtain conditional means 
of district-level variables (intensity, srw, snfg, and fertilizer) that are aggregated consistently to the national 
average. By applying WLS to level variables with proper weights (nca for intensity, the total foodgrain area for 
srw, gca for snfg, and gca for fertilizer), we can achieve this consistent aggregation. Furthermore, three of the 
four dependent variables are already in ratios (multiplied by 100), so that the coefficient estimates on the time 
trend have an intuitive meaning, that of average annual changes in percentage points. Regarding the fourth 
variable, fertilizer, it may be a good idea to take logs. However, the results are very similar when we use logs 
(full results are available on request from the authors).	
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the 1 per cent level. Land use intensity increased by 0.54 percentage points a year, 
srw by 0.33 percentage points, snfg by 0.25 percentage points, and fertilizer by 2.66 
kg/ha per year.

Panel B in Table 3 shows the regression results when each State was allowed to 
have a different growth rate. As the number of districts in Uttar Pradesh (UP) was 
the largest, we used UP as the reference State. The null hypothesis of homogeneous 
growth rates across States was rejected at the 1 per cent level, as shown in the last 
row of Panel B. Land use intensity (intensity) grew faster than UP in districts in West 
Bengal, Punjab, and Haryana, while it grew slower by more than 0.5 percentage 
points in districts in Tamil Nadu, Bihar, Chhattisgarh, Uttarakhand, and Jharkhand. 
In Punjab and Haryana, where intensity grew faster, districts also witnessed faster 
growth in fertilizer. The importance of non-foodgrain crops (snfg) increased faster 
than UP in districts in Maharashtra, Rajasthan, West Bengal, and Andhra Pradesh. 
Using estimates for b0 and bk in Panel B, we examined the States that showed a 
dynamic change that was most similar to the one found at the national level (Panel 
A). Interestingly, all 19 States had one or more variables out of the four that was 
associated with a statistically-significant difference from the national average. In this 
sense, no State in India represents the Indian average. In a relative sense, however, 
we found that the dynamic changes observed in Gujarat, followed by Karnataka and 
Maharashtra, were the most similar to the national pattern.

Panel C in Table 3 shows the regression result when each zone in Table 1 was allowed 
to have a different growth rate. As the number of districts in M8 (rainfed, extensive, 
jowar zone) is the largest, we used the jowar zone as the reference zone. The null 
hypothesis of homogeneous growth rates across zones was, again, rejected at the 1 
per cent level. The variable intensity grew at the fastest rate in districts belonging to 
M7 (Punjab-type zone), followed by districts belonging to M4 (semi-arid, extensive, 
wheat-chickpea zone). In contrast, density grew at significantly lower rates in M9 
(ragi zone) and M10 (bajra zone). A similar contrast was found for srw, snfg, and 
fertilizer. Although using a much smaller number of explanatory variables, Model 
C explained the variation in data as well as Model B did, as shown by the adjusted 
R2 reported in Table 3. We therefore judge the ten-zone typology shown in Figure 3 
as being fairly useful. This does not imply that there will be other typologies that 
have a higher R2 than model C and a smaller number of zones. The point here is that 
our typology, which was derived using the criterion of utilising the information on 
initial conditions and trends in irrigation only, has reasonable explanatory power 
in parametric models for spatial changes when we compare it with other existing 
typologies.7

7 In this paper, we compare our new typology (Panel C) and state boundaries (Panel B). We also estimated a 
similar model using the 18-zone typology of Rao et al. (2004). Adjusted R2 was 0.850 (intensity), 0.957 (srw), 
0.810 (snfg), and 0.847 (fertilizer) (full results are available from the authors on request). These numbers 
are comparable to those reported in Panel C, Table 3. In this comparison as well, our new typology shows 
reasonable explanatory power in describing the spatial patterns.
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Finally, Model D employs structural factors as shifters of heterogeneous growth rates. 
In other words, this is an attempt to open the black box represented by State- or zone-
specific growth rates by borrowing insights from microeconomic theory explained 
in the introduction. We utilised information contained in 8 variables as structural 
shifters: intensity (initial value8); irrigation ratio, denoted by iratio (initial and trend); 
srw (initial); snfg (initial); fertilizer (initial); rainfall (42 year average); road density 
(initial), and market density (initial and dummy for missing information).9 The null 
hypothesis of homogeneous growth rates regardless of the structural factors was 
rejected at the 1 per cent level. The regression results (Panel D, Table 3) clearly show 
that both the initial level and trend of iratio were the most important determinants 
of heterogeneous growth rates in intensity, srw, snfg, and fertilizer. The initial level 
of road density was associated with a higher growth rate of fertilizer, while the 
initial level of market density was associated with a higher growth rate of intensity. 
Therefore, the disparity in infrastructure development during the 1960s resulted in 
disparity in agricultural intensification after that period. Furthermore, the spatial 
dynamics of srw and snfg, which show different aspects of commercialisation of 
agriculture, were diverse across districts, reflecting the difference in the initial 
conditions with respect to cropping and rainfall patterns. Many of the coefficients 
on these variables had opposite signs as between srw and snfg. The adjusted R2 for 
Model D was similar to the one for Model C, implying that the ten-zone typology has 
an explanatory power as high as a structural model.

6. Conclusion

In this paper, we described spatial patterns of long-term changes in Indian agriculture 
at the district level, using a balanced panel dataset that covered the period from 1965-
6 to 2006-7 (42 years). The main findings from our investigation of land use intensity, 
the ratio of rice and wheat in areas under foodgrain, the ratio of non-foodgrain 
in gross cultivated area, fertilizer use intensity, and individual crop shares in gross 
cultivated areas, were as follows.

First, there was huge heterogeneity across districts in the speed of agricultural 
intensification over the last 42 years. Secondly, the eyeball perusal of GIS maps 
identified, among other changes, a shift of rice production into the interior 
districts of north India, a shift of wheat production eastwards in north India, the 
appearance of maize production centres in the interior districts of the Deccan, and 
a southward shift in chickpea production. The spatial shift appeared consistent with 
the comparative advantages that characterised each district. Thirdly, we attempted 
to aggregate districts into zones using cluster analysis based similarities with respect 
to rainfall, initial cropping and land-use patterns, and initial conditions and changes 

8 “Initial” values in this regression are the averages of the first five years of the panel data.	
9 We use the per-acre density of principal and sub-markets in a district. As this information was missing for 
many districts in the early years in Odisha, Bihar, and West Bengal, we included a dummy for the data missing 
as a shifter of growth rates.
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in irrigation. The proposed classification showed reasonable explanatory power in 
describing spatial patterns of long-term changes at the district level. Fourthly, we 
estimated a parametric regression model to identify correlates that were associated 
with heterogeneous growth rates of land use intensity, the share of rice and wheat 
in foodgrains, the share of non-foodgrains in gross cultivated area, and fertilizer 
use intensity across districts. The results confirmed the critical role of irrigation, 
market, and road development in facilitating the intensification of agricultural 
production. The regression results also clarified the different aspects of agricultural 
commercialisation represented by the rice-wheat share and the foodgrain share. 
These findings have enriched our knowledge of spatial aspects of agricultural 
development in India.

The analysis in this paper is, however, descriptive and preliminary in nature. 
Quantifying the contribution of spatial changes to aggregate productivity 
improvement is a matter for further study. More fundamental determinants 
of infrastructure and market development need to be examined in historical, 
institutional, and spatial context; this task, too, is left for further research. In the 
current paper, infrastructure and market development, including the key input of 
irrigation, were regarded as exogenous to farmers’ decision-making. Considering 
the political economy context in which development occurs, this is unsatisfactory. 
Another area for future work is more disaggregated analysis that combines 
household and village-level changes in cropping pattern with changes at the 
district or State (zone) levels. It is possible that the same change at the district 
level is observed in two districts despite within-district, inter-village changes being 
substantially different in the two districts. Such cases will shed further light to 
our understanding of the interaction between market development and agricultural 
production. Extending the analysis to include more recent years is also a task for 
further research.
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Appendix Map 1 District-level changes, gross cultivated area (1965-2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 2 District-level changes, rice area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 3 District-level changes, wheat area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 4 District-level changes, maize area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 5 District-level changes, sorghum area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 6 District-level changes, pearl millet area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 7 District-level changes, finger millet area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 8 District-level changes, chickpea area (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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Appendix Map 9 District-level changes, intensity (=gca/net cultivated area) (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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terminal B

-0.031376 - -0.000116
0.000038 - 0.050000
0.050001 - 0.100000
0.100001 - 0.125130
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Appendix Map 10 District-level changes, srw (share of rice and wheat area in foodgrain 
area) (1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.
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0.000000 - 0.136026
0.136028 - 0.202417
0.202418 - 0.271647
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0.384629 - 0.993327

snfg
initial

0.000000 - 0.136026
0.136027 - 0.202417
0.202418 - 0.271647
0.271648 - 0.384628
0.384629 - 0.984052

snfg
terminal A

0.000000 - 0.188206
0.188207 - 0.273180
0.273180 - 0.384454
0.384454 - 0.535965
0.535966 - 0.984052
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terminal B

-0.053019 - -0.039778
-0.039777 - -0.030000
-0.029999 - -0.015000
-0.014999 - -0.000054
0.000136 - 0.015000
0.015001 - 0.030000
0.030001 - 0.045000
0.045001 - 0.051159

snfg
growth rate

Appendix Map 11 District-level changes, snfg (= share of non-foodgrain crops area in gca) 
(1965–2007)
Source: Drawn by the authors using the DLS database compiled by ICRISAT.


