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We examine the impact of the Green Revolution on nutritional status for
the first time, as far as we know, in India — the poster-child for the Green
Revolution. We additionally piece together multiple nationally representative
datasets to examine the impacts of the Green Revolution on cropping patterns,
crop prices, and consumption patterns. We find that the Green Revolution im-
proved women’s height, though the benefit accrued largely to urban women. In
rural areas, the Green Revolution increased acreage to rice and wheat, usurp-
ing acreage to coarse cereals and pulses. It also (marginally) increased rural
prices of coarse cereals and pulses relative to rice and wheat, and (marginally)
decreased rural consumption of coarse cereals and pulses relative to rice and
wheat. A Green Revolution that included high-yielding pulses would have likely
have had a more positive impact on nutrient consumption and health. Yet, the
impact of the Green Revolution on the health of most women was still positive.
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1 Introduction

The goals of the Green Revolution — which brought high-yielding cereal varieties to
Asia and Latin America in the mid-1960s, paired with an increased reliance on modern
inputs and irrigation — were complex. Funded largely by the Rockefeller Foundation
and the Ford Foundation, new cereal varieties were developed by the International Rice
Research Institute and the International Maize and Wheat Improvement Center in
response to very real needs and requests of the Government of the Republic of the
Philippines and the Indian Ministry of Agriculture. The Green Revolution was also
responding to the geopolitical specters of the time — rampant population growth and
periodic famines in the poorest nations of the world, and a sense that communist
revolutions and unrest arose from the deprivation of the rural masses. This roll-out of
high-yielding varieties was meant to alleviate hunger, halt famines, and elevate rural
economic well-being in poor countries, all of which would ideally staunch political
unrest and catalyze national development (Borlaug et al., 1969).

Evaluations of the economic impact of the Green Revolution suggest that many of these
high hopes were born out. The roll-out of high-yielding varieties and modern inputs in
poor countries certainly increased cereal yields (Evenson and Gollin, 2003; Gollin,
Hansen and Wingender, 2018; McArthur and McCord, 2017), consequently lowering
cereal prices (Evenson and Gollin, 2003). Adoption of high-yielding varieties decreased
both mortality and fertility rates and increased life expectancy, resulting in overall
smaller populations (Gollin, Hansen and Wingender, 2018; Foster and Rosenzweig,
1996). Furthermore, high-yielding varieties and increased fertilizer application appear to
have reduced labor share to agriculture, increased per capita Gross Domestic Product,
and — after a decade’s lag — increased labor productivity in the non-agricultural sector
(Gollin, Hansen and Wingender, 2018; McArthur and McCord, 2017).

However, while the economic impacts of the Green Revolution have been explored, no
study has yet evaluated the long-run impacts of this massive food system overhaul on
health or nutritional status. This is surprising, given the growing attention to
persistent, global malnutrition and particularly micronutrient malnutrition. It is
moreover alarming, given the discussion of a “Green Revolution 2.0” in Africa (Pingali,
2012; Evenson and Gollin, 2003). We examine the impact of the Green Revolution on
food consumption patterns and nutritional status for the first time, as far as we know,
in India, perhaps the most famous poster-child for the Green Revolution.

One might expect malnutrition to fall in response to increased cereals yields and falling
prices. Yet it is well known that child and maternal malnutrition persists at the
national level (Meenakshi, 2016; Vijayaraghavan, 2016), despite rising incomes (Deaton
and Drèze, 2009). Child stunting — nationally at 38 percent in 2015/16 — has declined
slightly in the last two or three decades, though less in northern states like Bihar, Uttar
Pradesh and Jharkhand (IIPS, 2017; Meenakshi, 2016).1 Thirty-six percent of Indian
children under five were underweight in 2015/16, though more again in the northern
States. Twenty-three percent of women age 15-49 were under-weight in 2015/16, a
decline from 36 percent in 2005/6 (IIPS, 2017). However, despite these modest gains in
stunting and underweight, anemia is Indian women is on the rise. Over 50 percent of

1Stunting is defined as height-for-age z-score being under -2. Underweight children similarly have a
weight-for-age z-score under -2. Underweight women are those with a body mass index under 18.5.
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Indian women are anemic, with over 80 percent anemic in some of the northern states.
In Uttar Pradesh, anemia doubled between 1998/99 and 2012/13, from 45 percent to
over 90 percent (Meenakshi, 2016).

Would rates of anemia, underweight and stunting be even worse in India, had it not
been for the Green Revolution? Or did the Green Revolution impede long-run
nutritional gains? A number of authors have speculated that by increasing availability
and affordability of low-nutrient rice and wheat, the Green Revolution “pushed out”
consumption of nutrient dense coarse cereals and pulses. For instance, Meenakshi
(2016) illustrates that iron intake per capita per day has fallen in India as the iron
density of cereal consumption has fallen. She also documents that the prices of pulses,
fruits and vegetables and animal-sourced foods have risen over time relative to the
prices of cereals, fats and sugars. Pingali (2012) cites examples from multiple countries
where high-yielding varieties of rice and wheat pushed out production of micronutrient-
dense cereals, pulses, and even farmed fish.

Additionally, economists and non-economists alike have noted sharply rising pulse
prices and a decline in pulse consumption in India. Joshi, Kishore and Roy (2016) note
that consumption of pulses fell by almost half between the 1950s and 2015. On the
production side, Ramasamy and Selvaraj (2002) document stagnant pulse yields,
declining pulse acreage, and declining in pulse production per capita from 28.4
kg/capita in 1960 to 14.2 kg/capita in 2000. They blame high and volatile production
costs, volatile yields (due in part to lack of fertilizer application and rainfed conditions),
uncertain prices, high rates of loss during largely manual harvesting, and poorly
developed markets for the lack of supply response to rising pulse prices. Despite the
fact that irrigation stabilizes yields, farmers are reluctant to grow pulses on irrigated
land; newly irrigated land is quickly switched to other crops (Joshi, Kishore and Roy,
2016). It seems possible that high-yielding varieties, too, push out pulse production —
by the end of the first decade of the Green Revolution, Ryan and Asokan (1977)
documented that increased acreage to high-yielding varieties was primarily usurping
acreage from pulses, though they believed that increased yields were keeping nutrient
production on the rise.

While no previous study has documented the nutritional impacts of the Green
Revolution in India (or anywhere, as far as we know), a few papers do touch on health
impacts. Foster and Rosenzweig (1996) estimate a small, insignificant effect of
high-yielding varieties on adult mortality in the 1980s in India, using the ARIS-REDS
data, which we also use. Gollin, Hansen and Wingender (2018) similarly find that the
global roll-out of high-yielding varieties increased life expectancy and reduced infant
and adult mortality. Perhaps most notably, Bharadwaj et al. (2018) uses two rounds of
the National Family Health Survey (NFHS), India’s Demographic and Health Survey, to
show that roll-out of high-yielding varieties in India reduced infant mortality. (We use
one of those datasets, and the 2015/16 NFHS.) A working paper by McCord (2018)
illustrates a similar pattern globally. Brainerd and Menon (2014) also document the
damaging effects of seasonal agro-chemical use on infant and child health in India.

We begin by examining the causal impact of the Green Revolution on women’s height,
utilizing district-level variation in Green Revolution technology exposure (high-yielding
varieties and irrigation) at birth. We find that these technologies increase women’s
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heigh on average, but that the benefits accrue primarily, or almost entirely, to urban
women. This result — that rural women did not experience great gains in
health/nutrition from the Green Revolution — brings us back to the question of
whether the Green Revolution in some way harmed trace nutrient intake in rural areas,
as various authors have speculated. Attempting to answer this question, we stitch
together evidence from multiple datasets to show that Green Revolution technologies
increased acreage to wheat (and rice to a lesser extent) while decreasing acreage of
coarse cereals and pulses. Prices of coarse cereals and pulses rose, relative to rice and
wheat, and consumption of coarse cereals and pulses fell, while consumption of rice and
wheat rose. These price and consumption results are present, but fairly weak. This
suggests that the popular concern about the Green Revolution pushing out
high-nutrient crops is credible, but perhaps over-emphasized.2

In Section 2 we present and summarize the datasets used in this paper. In Section 3 we
lay out our identification strategy. In Section 4 we present our primary results. In
Section 5 we lay out a secondary identification strategy that examines outcomes only
around high-production areas over aquifers. In Section 6 we conclude.

2 Data

2.1 Health Data

We pool individual level anthropometric data from two rounds of the National Family
Health Survey (NFHS) conducted in 1998-1999 and 2015-2016. The NFHS are
nationally representative household surveys that are primarily canvassed on a sample of
females, aged between 15 to 49 years. These surveys collect detailed information on
fertility, mortality, nutrition, health behavior and various household characteristics. The
sample sizes in the two NFHS are different, but we pool them in order to get cohort
years for both the pre- and post-green revolution period. We control for differences in
sample sizes and sampling procedure across the two NFHS by adding a survey dummy
in all specifications, and also by running robustness checks with only the later, larger
sample. We also demonstrate the robustness of our results to differences in sampling
procedures by estimating equation with and without NFHS sampling weights.

The NFHS surveys include information on mothers born between 1950 and 2000.
However, we drop those born prior to 1956, as no data is available on irrigation or
high-yielding variety concentration prior to that time period. The majority of women in
our sample are born prior to the introduction of high-yielding varieties (Figure 1). We
control for year of birth and month of birth in all specifications. Month of birth appears
bunched around January (Figure 2), perhaps because those who do not know their birth
month are likely to claim it as January (Larsen, Headey and Masters, 2019).

We examine the impact of irrigation and high-yielding varieties on maternal height and
maternal stunting. While weight outcomes (such as BMI) reflect short-term health and

2Then again, if the Green Revolution also increased rural inequality, as many have speculated, and as
results by (Foster and Rosenzweig, 1996) suggest, the impacts may be highly heterogeneous, influence
by staring wealth, land area, education, etc. Future work will explore these possibilities with respect to
consumption impacts at least.
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nutritional status, adult height better reflects cumulative net health, nutrition, and
deprivation (Perkins et al., 2008). Height is therefore viewed as a stock measure of
adult health. Maternal height is additionally important, particularly in India, as it is
associated with child mortality, child morbidity, and child stunting (Subramanian et al.,
2009). Eleven percent of the mothers in our sample are stunted (height < 145cm).3

Information on the spatial location of mothers is critical to our analysis. The 2015-2016
NFHS includes cluster-level (offset) GPS coordinates, which allows us to map maternal
characteristics by precise location. The 1998-1999 NFHS provides information on
district and urban/rural status only. However, because our primary identification
strategy rides on spatial variation in the expansion of high-yielding varieties and
irrigation across districts and over time with in states, this is all we truly need for our
analysis. Unfortunately, we do not know where mothers were born, only where they
resided at the time of survey. Treatment effects on health may therefore be watered
down by mothers who moved districts over the course of their lives.

2.2 Agricultural Data

We have district level agricultural data from two sources: the Village Dynamics in South
Asia (VDSA) dataset collected by the International Crops Research Institute for the
Semi-Arid Tropics, and the Indian Agriculture and Climate Dataset (IACD), collected
by the Ministry of Agriculture in partnership with the World Bank. The VDSA covers
311 districts across nineteen states of India over the period 1966 to 2011. The Indian
Agriculture and Climate Dataset (IACD) covers 271 districts across thirteen states of
India over the period of 1956 to 1987. Both the datasets have annual data on cropping
patterns, crop production, input use, area under high yielding varieties, irrigated area,
and many other details related to farming and farmers. The main difference between
the two datasets is that IACD begins in 1956, and therefore covers the period before the
introduction of high-yielding varieties. It ends in 1987. The VDSA begins in 1966 (the
year that high-yielding varieties were introduced) and continues through 2011.

Because the expansion of high-yielding varieties plateaued in the 1980s, the additional
time period observed in the VDSA is valuable for examining the price, consumption or
nutrition impacts of the expansion of high-yielding varieties, but does not hold
substantial variation in the coverage of high-yielding varieties. Irrigation, however, does
continue to expand after 1987. For all analysis in this paper, we use IACD data on
high-yielding variety and irrigation coverage when available, and use VDSA data when
IACD is missing (because of the time period or for any other reason).

The VDSA and IACD datasets holds information on the acreage and production
quantity of all main crops, by district, over time, with a few geographic and temporal
holes. They also hold information on the farm-gate prices of all major crops over district
and over time. These prices, however, represent only rural prices, not urban prices. In
subsequent drafts, we will integrate some analysis of state-level price trends in both
rural and urban prices, using the Indian National Sample Survey (NSS) data. However,
this analysis can only be supplemental, as it does not exist at the district level.

We use two additional datasets on environmental conditions, in conjunction to the

3This cut-off is according to (Black et al., 2013).
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VDSA and IACD data. We use University of Deleware data on temperature and rainfall
to examine how exogenous (lagged and current-year) temperature and rainfall shocks
influence high-yielding variety and irrigation expansion. This data was extracted at the
district-level. We use a variable providing the percent of a district covered by an
aquifer. This data is taken from Rud (2012), who uses the “Climatic and
Biogeographical Maps” in the National Atlas of India to generate the proportion of area
in a district covered by thick aquifers, deeper than 150 meters.

2.3 Food Consumption Data

We analyze food consumption patterns over time using three rounds (1971, 1981 and
1999) of the Rural Economic and Demographic (REDS) surveys collected by the
National Council for Applied Economic Research (NCAER). The first round of the
survey was conducted in 1971 and includes 4527 households residing in 17 major states
and 100 districts of the country. The sampling was done so as to be representative of
the entire rural population of India. In the 1981 round, 4979 household were surveyed,
approximately two-thirds of which were the same as in 1971. In 1999, all of the
surviving households in the 1982 survey were surveyed again, including all split-off
households residing in the same village. We merge IACD/VDSA data on high-yielding
variety coverage and irrigation coverage for all households, according to their district of
residence and the time of survey.

Household expenditure on crops is collected in the REDS data, and we use this to
calculate consumption (kg) per capita. We back out consumption per capita by using
crop prices, also collected by REDS. In the first round crop prices were not collected for
pulses. In this roumd we use VDSA information on crop prices to interpolate district-
level crop prices. We add this extra layer of data work because crop consumption per
capita is more easily interpretable than crop expenditure share, when both consumption
quantities and crop prices are changing over time and space.

3 Identification Strategy

3.1 Plausibility Exogenous Variation

Following Bharadwaj et al. (2018), our primary identification strategy identifies on
district-level variation in the roll-out of high-yielding rice and wheat varieties (HYVs)
and in the expansion of irrigation, within states and within years. That is, we use
district-level fixed effects to partial out unobservable, time-invariant district
characteristics (such as topography, soil quality, or agricultural practices at the start of
the Green Revolution) as well as state-year fixed effects. In the appendix, we provide
results under a similar specification that includes state and year fixed effects and state
time trends, effectively identifying on district-level variation within states both within
and across years, as this variation moves ahead or lags behind the state-level trend.

The plausibility of causal identification under these two fixed effects strategies depends
on the random nature of year-by-year variation in the district-level prevalence of
high-yielding varieties and irrigation. We examine this plausibility by era, under district
and state-year fixed effects (Table 1) and district, state, and year fixed effects and state
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time trends (Table A1). In both tables we regress district-level prevalence of HYVs and
irrigation on exogenous instruments (two years of lagged temperature for irrigation, and
two years of lagged rainfall for HYVs),4 as well as on potentially endogenous regressors
(current-year rain and temperature conditions, population density, urban population
proportions, literacy rate and female literacy rate).

It should be noted here that many other factors, in particularly use of agricultural
inputs such as fertilizer or agro-chemicals, will move with the expansion of HYVs and
irrigation. This is because modern inputs were promoted alongside HYVs; structural
changes such as road building also accompanied the revolution. We do not, therefore,
view these factors as endogenous to HYVs or irrigation in a problematic way. Rather,
we view HYVs and irrigation as the two most important dimensions of a larger,
multifaceted Green Revolution — we in fact rely on these variables to pick up the effect
of this larger process. This provides some complication to the concept of a causal
marginal effect, which we will discuss later. In any case, we do not include other Green
Revolution indicators, or obvious intermediate outcomes of the Green Revolution, in
Tables 1 and A1.

Column 2 in both Tables 1 and A1 illustrates that in the early Green Revolution (prior
to 1976), expansion of HYVs was plausibly random under both fixed effects strategies.
Column 4 of Table 1 suggests that under state-year fixed effects, HYV expansion was
plausibly exogenous even through 1990. However, the non-IV covariates in both Tables
do become more strongly related to HYV expansion over time, as reflected in growing
covariate F-statistics over Columns 2, 3, and 5. This is likely because over the decades,
even population trends in India became an outcome of the Green Revolution; if so, these
relationships reflect “intermediate outcomes” rather than problematic endogeneity. We
therefore proceed to examine the entire time period between 1966 and 2000 in our
primary specifications. However, we provide robustness checks that drop the years after
1990, for those concerned about endogeneity of high-yielding varieties in later years.

Column 2 of Tables 1 suggests that in the early years, irrigation was also plausibly
randomly distributed, at least under state-time fixed effects. In later years, and under
state time trends, irrigation is not quite exogenous. And while IVs (lagged temperature
shocks) strongly predict irrigation, these variables cannot be used in an instrumental
variable strategy, as they may also impact subsequent crop prices, food availability,
and/or health directly.

We therefore proceed using a state-time fixed effect strategy. Covariates suggest that
high-yielding varieties are plausibly exogenously distributed under this strategy, while
irrigation may not be exogenously distributed after the first decade or so. However, it is
hard to tell — it may be that irrigation is causing population-level outcomes rather
than the reverse. The “impacts” of irrigation expansion should therefore be interpreted
cautiously.

We provide, in the appendix, all results under year fixed effects and state time trends.
This identification strategy does not utilize fully exogenous variation in high-yielding
variety expansion. It does, however, use far more variation, and allows us to
occasionally use state-level variation to predict outcomes. Generally the two strategies

4These lagged instruments were chosen to maximize joint significance, for each outcome.
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produce result that are highly similar.

3.2 Estimating Equations

We begin by examining the effect of high-yielding variety and irrigation prevalence at
birth on subsequent maternal height. Equation 1 estimates maternal height Midsy for
woman i in district d in state s born in year y, as a function of district-level exposure to
high yielding variety coverage HY Vdsy. Exposure is given by the fraction of all
agricultural land in district d in state s in year y planted with HYVs. Controls xidsy
include dummies for the woman’s month and year of birth. (We are reluctant to include
further socioeconomic controls as these may be outcomes the Green Revolution.)
District fixed effects δd and state-time fixed effects νsy are included. Equation 2
estimates the same maternal outcome as a function of district-level exposure to
irrigation, Irrdst, the fraction of agricultural land that is irrigated.

Midsy = κMHY Vdst + βxidsy + δd + νsy + εMidsy (1)

Midsy = γMIrrdst + βxidsy + δd + νsy + υMidsy (2)

We interpret κM as the unit change in maternal height (cm) caused by the Green
Revolution exposure associated with a percentage change in high-yielding variety
exposure. This is slightly different from interpreting it as the unit change in maternal
outcome caused by a percentage change in high-yielding variety exposure, alone.
Effectively, we are using HYV and irrigation to proxy for a larger basket of Green
Revolution technology changes, and κM (or γM) reflect the larger and more general
impact of the Green Revolution, inso far as this multidimensional process is captured by
HYVs (or irrigation).

We examine heterogeneity in both κM and γM according to rural/urban status. We also
briefly examine heterogeneity over both geographic regions and time. Additionally, we
re-estimate Equations 1 and 2 with only those women who say that they were born in
the district of their current residence.

Next we examine the agricultural mechanisms behind the long-run nutrition impacts of
the Green Revolution. Equations 3 and 4 estimate the acreage to crop C, AC

dsy, in
district d in state s in year y, as a function of (concurrent) district-level exposure to
HYVs and irrigation. We do this for four (categories of) crops: rice, wheat, coarse
cereals, and pulses. For coarse cereals we combine acreage to sorghum, barley, finger
millet, and pearl millet — these cereals have much higher iron, zinc, and calcium
concentrations than do rice and wheat. (This is particularly true when rice/wheat are
polished/milled, as they almost always are in India.) For pulses we combine acreage to
chickpea, pigeon pea, and other “minor pulses,” as they are listed in the VDSA data.

AC
dsy = κACHY Vdst + δd + νsy + εAC

dsy (3)

AC
dsy = γACIrrdst + δd + νsy + υAC

dsy (4)

We next similarly estimate not the acreage, but the (log) price of these same crops or
crop categories, as specified in Equations 5 and 6. We define the price of coarse cereals
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as the district-specific, acreage-weighted mean of sorghum, barley, finger millet, and
pearl millet prices. We define the price of pulses as the district-specific, acreage-
weighted mean of chickpea and pigeon pea prices. (No prices are recorded in the VDSA
data for minor pulses.)

PC
dsy = κPCHY Vdt + δd + νsy + εPC

dsy (5)

PC
dsy = γPCIrrdt + δd + νsy + υPC

dsy (6)

Next, we move to working with the ARIS-REDS dataset to examine consumption
outcomes. We begin by estimating household-level consumption of each crop group C
(rice, wheat, coarse cereals, and pulses) for household h in district d in state s in year y,
CC

hdsy. We measure consumption in kg per capita.

CC
hdsy = κCCHY Vdt + δd + νsy + εCC

hdsy (7)

CC
hdsy = γCCIrrdt + δd + νsy + υCC

hdsy (8)

Last, we use those crop groups (i.e., cereals and pulses) to create a household-level
estimate of iron and zinc intake per capita.5 We assume the iron and zinc concentration
of each cereal and pulse matches that listed in the latest USDA food composition table.
(Unfortunately, there is no India-specific food composition table based on actual crop
samples from India.) Nutrient (iron or zinc) intake per capita for household h in district
d in state s in year y is given by Nhdsy. Equations 9 and 10 estimate nutrient intake as
a function of district-level HYVs and irrigation, respectively, using OLS.

Nhdsy = κNHY Vdt + δd + νsy + εNhdsy (9)

Nhdsy = γNIrrdt + δd + δd + νsy + υNhdsy (10)

As with Equations 1 and 2, we examine heterogeneity in κN and γN according to
rural/urban status and geographic regions. (Because only three rounds of data are
observed for each family, we cannot examine heterogeneity over time.)

4 Primary Results

We begin by presenting the results for maternal height in Table 2. It appears that, on
average across the Indian population, high-yielding varieties indeed increased maternal
height. Irrigation is also positively associated with maternal height, though
insignificantly so. Table 3 estimates the same results again, allowing heterogeneity by
rural/urban status. This table suggests that while high-yielding varieties increased
women’s heigh in both rural and urban areas, the height benefit accrued more to the
urban women. This table (Columns 2 and 3) also suggest that while irrigation is
positively associated with heigh for women in rural areas, it is actually negatively
associated with high in urban areas. These patterns are relatively similar in the
northern Indo-Gangetic Plain (the breadbasket of India) and the rest of the country
(Tables A4, A5), though the patterns are stronger in the Northern Indo-Gangetic Plain.

5In subsequent drafts we may use all consumed crops to create this intake.
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Patterns are also similar, and in fact coefficients are larger, under year fixed effects and
state time trends (Table A2, A3).

We similar patterns for stunting: while high-yielding varieties decrease stunting, they
do so less for rural woman than for urban women (Table 4). Again, irrigation is
positively associated with stunting in urban areas, and negatively associated with
stunting in rural areas. These patterns are again stronger in the northern Indo-Gangetic
Plain (Tables A6, A7, and stronger when state time trends rather than state-time fixed
effects are used (Table A8).

Why is it that height-yielding varieties seem to increase height and decrease stunting,
while (admittedly non-causal) results for irrigation suggest it has the opposite effect?
And why do the positive effects of state-level high-yielding variety adoption accrue
largely to urban rather than rural women? To explore this, we examine results for
Equations 3-10.

Tables 5-7 illustrate that the introduction of high-yielding varieties increased acreage
devoted to rice and wheat, while decreasing acreage devoted to coarse cereals and
pulses. This results is notable, as it under-estimates the production impacts. Because
high-yielding varieties increase rice and wheat yields, the impact of relative production
quantities would have been even more dramatic. (While the VDSA has production
quantity, many more district-year combinations have missing production quantity than
acreage. Results using this data are in line with the results using acreage.) Tables
A9-A11 show that the impact of high-yielding varieties appears stronger when variation
over time as well as space is used.

Tables 5-7 also show that irrigation expansion is associated with an increase in acreage
to rice and wheat and a decrease in acreage to coarse cereals and pulses. When both
irrigation and high-yielding varieties are controlled for simultaneously, this result stands
with one exception: it appears that the spread of high-yielding varieties for rice and
wheat drives up the acreage to coarse cereals, while irrigation is associated with a
reduction in the acreage to coarse cereals. This makes sense, given that high-yielding
varieties did exist for coarse cereals too, just fewer. The expansion of high-yielding
varieties for rice and wheat was correlated with the expansion of high-yielding varieties
for coarse cereals. But coarse cereals are generally not grown on irrigated land, hence
the negative relationship between irrigation and coarse cereal production. Pulses had no
improved variety, and they are also not grown on irrigated land. It therefore makes sense
that both components of the Green Revolution would drive down acreage to pulses.

Table 8 suggests that the expansion of heigh-yielding varieties and irrigation had a
secondary impact on crop prices. 6 The outcome variables in this table are relative
prices — the percent increase in coarse cereal price over rice/wheat price, and the
percent increase in pulse price over rice/wheat price.7,8 High-yielding varieties drove up
the relative price of both coarse cereals and pulses, as might be expected given the

6This makes sense, since crop acreage should impact crop availability, which should impact prices, as
seen in Tables A12 and A13.

7As explained in the data section, each of these “category” prices is a weighted combination of the crops
within the category.

8This is calculated as log(price of coarse cereals) - log(price of rice/wheat), for instance.
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impacts on acreage. Irrigation is also associated with an increase in relative pulse
prices, but only if high-yielding varieties are not controlled for (Column 5). Otherwise,
irrigation is not significantly associated with relative price effects. This is, in fact, also
true under year fixed effects and state time trends (Table A14.

An effect on relative prices suggests an effect on consumption choices — both through a
price effect and an income effect. Lower prices for rice and wheat might incentivize
greater rice and wheat consumption, or might save families so much money that they
are in effect richer, and can diversify into more expensive crops like pulses or
animal-sourced foods. Table 9 illustrates that indeed, the expansion of high-yielding
varieties increased (per capita) wheat consumption. Columns 3 and 4 suggest that it
also decreased (per capita) coarse cereal and pulse consumption, though these
coefficients are not significant. Interestingly, irrigation is associated with a decrease in
the per capita consumption of all crops, though the magnitude of this effect is much
stronger for pulses than for any other crop.

5 Conclusion

Our initial results suggest that indeed, the Green Revolution improved the nutritional
status of women in India, though it did so primarily for urban women. Scattered
evidence and writing suggests that while the Green Revolution saved lives and increased
food availability, it may have reduced the production of trace nutrients such as iron or
zinc in the form of pulses, coarse cereals, or other non-staple crops. We investigate this
claim, essentially asking whether the Green Revolution could have done better in the
“quantity-quality” trade-off between various types of crops.

We find, as expected, that production of rice and wheat rose with the advent of
high-yielding varieties of rice and wheat. The acreage to coarse cereals and pulses
declined with these high-yielding varieties, again as expected. Prices responded in kind,
with the price of nutrient-dense crops rising relative to the price of rice and wheat.
These results are marginally significant, however, and not particularly robust. Acreage
devoted to pulses and pulses prices appear most vulnerable — acreage to pulses drops
with both high-yielding varieties and irrigation, and pulse prices rise with the same.

It furthermore appears that the consumption of coarse cereals and pulses may have
gone decreased with high-yielding varieties, though these results are not statistically
significant at traditional levels. Irrigation is associated with a sharp decrease in pulse
production (mirroring the sharp increase in pulse price), though again this result is only
marginally significant. Future drafts of this paper will examine the impact of
high-yielding varieties on household-level iron and zinc consumption. If the Green
Revolution mitigated iron intake in rural areas, this may explain the minimal health
improvement brought in by high-yielding variety adoption in rural areas.
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Tables

Table (1) Exogeneity and Endogeneity in Irrigation and HYV Expansion (State-Year FE)

1968-1975 1968-1990 1968-2000

(1) (2) (3) (4) (5) (6)
Irrigated HYV Irrigated HYV Irrigated HYV

Temp 1 year ago (cv ◦) -0.00312∗∗ -0.00609∗∗∗ -0.00522∗∗∗

(0.00156) (0.00136) (0.00168)

Temp 2 years ago (cv ◦) 0.000608 -0.00216 -0.00218
(0.00144) (0.00180) (0.00215)

Rain 1 year ago (cv mm) -0.000365 0.00169∗ 0.00281∗∗∗

(0.00123) (0.00102) (0.000969)

Rain 2 years ago (cv mm) 0.00139 0.00335∗∗∗ 0.00335∗∗∗

(0.00159) (0.00106) (0.000936)

Rain Jan-Dec (cv mm) 0.00160∗ 0.00166 0.000816 0.00281∗∗ 0.000152 0.00327∗∗∗

(0.000866) (0.00138) (0.000892) (0.00122) (0.00109) (0.00112)

Temp Jan-Dec (cv ◦) -0.00218 0.00954∗∗ -0.00654∗∗∗ -0.00250 -0.00523∗∗∗ -0.00152
(0.00163) (0.00372) (0.00190) (0.00270) (0.00189) (0.00268)

Rain Jan-Dec (cv mm) × Temp Jan-Dec (cv ◦) 0.000538 0.000624 -0.0000451 0.0000619 0.000156 0.0000794
(0.000506) (0.000724) (0.000667) (0.000886) (0.000791) (0.000843)

Population density (log persons/acre) 0.0322 -0.0922∗ 0.0576 -0.0650∗ 0.128∗∗∗ -0.0877∗∗

(0.0314) (0.0484) (0.0366) (0.0366) (0.0485) (0.0373)

Urban population proportion 0.160 0.209 0.144 0.0878 -0.0591 0.182∗

(0.172) (0.268) (0.122) (0.137) (0.117) (0.106)

Total literacy rate (%) -0.180 -0.697 -0.0788 0.130 0.344 0.0605
(0.215) (0.468) (0.189) (0.348) (0.247) (0.307)

Female literacy rate (%) 0.203 0.631 -0.0894 -0.0399 -0.443 0.117
(0.291) (0.522) (0.261) (0.423) (0.301) (0.316)

State-Year Fixed Effects Yes Yes Yes Yes Yes Yes

IV F-statistic 2.490 1.210 10.66 5.460 5.860 6.570
Prob > F 0.0900 0.300 0 0 0 0

Covariate F-statistic 1.530 1.700 2.910 1.550 2.620 2.690
Prob > F 0.160 0.110 0.0100 0.150 0.0100 0.0100

Observations 2128 2209 6387 6435 8845 7989
R2 0.351 0.605 0.577 0.666 0.665 0.659
Adjusted R2 0.319 0.585 0.555 0.649 0.648 0.641

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year-state fixed effects included
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Table (2) Height (State-Year FE)

(1) (2) (3)
Height Height Height

Proportion area under rice or wheat HYV (%) 0.729∗∗∗ 0.722∗∗∗

(0.255) (0.256)

Proportion area under irrigation HYV (%) 0.111 0.0290
(0.302) (0.341)

State-Year Fixed Effects Yes Yes Yes

Observations 481108 562204 473381
R2 0.0783 0.0755 0.0776
Adjusted R2 0.0766 0.0740 0.0759

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (3) Height by Rural vs. Urban (State-Year FE)

(1) (2) (3)
Height Height Height

Proportion area under rice or wheat HYV (%) 1.052∗∗∗ 1.760∗∗∗

(0.320) (0.345)

Rural × Proportion area under rice or wheat HYV (%) -0.441∗ -1.445∗∗∗

(0.251) (0.287)

Proportion area under irrigation HYV (%) -0.105 -0.787∗

(0.343) (0.400)

Rural × Proportion area under irrigation HYV (%) 0.297 1.129∗∗∗

(0.210) (0.253)

State-Year Fixed Effects Yes Yes Yes
1956-2000 1956-2000 1956-2000

Observations
R2 481108 562204 473381
Adjusted R2 0.0783 0.0755 0.0778
r2 a 0.0767 0.0740 0.0761

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (4) Stunting by Rural vs. Urban (State-Year FE)

(1) (2) (3)
Stunted Stunted Stunted

Proportion area under rice or wheat HYV (%) -0.0522∗∗∗ -0.0833∗∗∗

(0.0159) (0.0184)

Rural × Proportion area under rice or wheat HYV (%) 0.0284∗∗∗ 0.0688∗∗∗

(0.0108) (0.0162)

Proportion area under irrigation HYV (%) 0.0124 0.0533∗∗

(0.0180) (0.0211)

Rural × Proportion area under irrigation HYV (%) -0.00607 -0.0449∗∗∗

(0.00921) (0.0135)

State-Year Fixed Effects Yes Yes Yes

Observations 481108 562204 473381
R2 0.0301 0.0289 0.0301
Adjusted R2 0.0283 0.0273 0.0283

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level
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Table (5) Crop Acreage and HYV Expansion (State-Year FE)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion area under rice or wheat HYV (%) 0.0740∗∗∗ 0.0365∗ -0.00949 -0.0614∗∗∗

(0.0211) (0.0202) (0.0242) (0.0156)

State-Year Fixed Effects Yes Yes Yes Yes

Observations 7940 7934 7940 7910
R2 0.484 0.413 0.465 0.261
Adjusted R2 0.457 0.382 0.437 0.222

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

State-year fixed effects included

Table (6) Crop Acreage and Irrigation Expansion (State-Year FE)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion gross irrigated area (%) 0.0850∗∗∗ 0.0262 -0.0677∗∗∗ -0.152∗∗∗

(0.0257) (0.0241) (0.0222) (0.0198)

State-Year Fixed Effects Yes Yes Yes Yes

Observations 8790 8780 8797 8754
R2 0.434 0.412 0.520 0.304
Adjusted R2 0.406 0.383 0.496 0.270

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

State-year fixed effects included

Table (7) Crop Acreage and HYV and Irrigation Expansion (State-Year FE)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion area under rice or wheat HYV (%) 0.0802∗∗∗ 0.0573∗∗∗ 0.0391∗∗ -0.0308∗∗

(0.0176) (0.0143) (0.0172) (0.0155)

Proportion gross irrigated area (%) 0.0523∗∗ -0.00493 -0.128∗∗∗ -0.163∗∗∗

(0.0250) (0.0217) (0.0267) (0.0221)

State-Year Fixed Effects Yes Yes Yes Yes

Observations 7822 7816 7822 7805
R2 0.490 0.408 0.502 0.296
Adjusted R2 0.464 0.378 0.476 0.259

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

State-year fixed effects included
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Table (8) Relative Crop Prices (State-Year FE)

(1) (2) (3) (4) (5) (6)
Coarse Coarse Coarse Pulses Pulses Pulses

Proportion area under rice or wheat HYV (%) 0.118 0.129∗ 0.114∗ 0.110∗

(0.0762) (0.0775) (0.0581) (0.0616)

Proportion gross irrigated area (%) 0.0576 -0.0520 0.133∗∗ 0.0292
(0.0966) (0.116) (0.0655) (0.0712)

State-Year Fixed Effects Yes Yes Yes Yes Yes Yes

Observations 4970 5469 4942 5081 5638 5063
R2 0.410 0.421 0.400 0.837 0.834 0.836
Adjusted R2 0.369 0.381 0.358 0.826 0.823 0.825

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

State-year fixed effects included

Table (9) Per Capita Consumption (State-Year FE)

(1) (2) (3) (4)
Rice Wheat Coarse cereals Pulses

Proportion area under irrigation HYV (%) 0.0468 0.671∗ -0.948 -0.785
(0.714) (0.338) (0.708) (1.065)

Proportion area under rice or wheat HYV (%) -0.846∗ -0.950∗∗∗ -0.433 -2.154∗

(0.437) (0.354) (0.487) (1.208)

Year Fixed Effects Yes Yes Yes Yes

Observations 8063 6426 4349 8071
R2 0.788 0.648 0.485 0.608
Adjusted R2 0.785 0.641 0.470 0.602

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year-state fixed effects included
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Appendix 1 Additional Results and Robustness Checks

Table (A1) Exogeneity and Endogeneity in Irrigation and HYV Expansion (State Time Trends)

1968-1975 1968-1990 1968-2000

(1) (2) (3) (4) (5) (6)
Irrigated HYV Irrigated HYV Irrigated HYV

Temp 1 year ago (cv ◦) -0.00567∗∗∗ -0.00362∗∗∗ -0.00258∗∗∗

(0.00111) (0.000723) (0.000877)

Temp 2 years ago (cv ◦) -0.00125 -0.000255 -0.000568
(0.00116) (0.00107) (0.00119)

Rain 1 year ago (cv mm) 0.00225∗∗ -0.000187 0.00204∗∗

(0.000954) (0.000827) (0.000820)

Rain 2 years ago (cv mm) 0.00111 0.000355 0.00103
(0.00121) (0.000821) (0.000802)

Rain Jan-Dec (cv mm) 0.00140∗ 0.00137 0.000883 0.00326∗∗∗ 0.00131 0.00380∗∗∗

(0.000781) (0.00120) (0.000733) (0.00106) (0.000832) (0.000959)

Temp Jan-Dec (cv ◦) -0.00288∗∗∗ 0.00291 -0.00401∗∗∗ 0.000179 -0.00312∗∗∗ 0.00133
(0.000964) (0.00198) (0.000897) (0.00143) (0.00106) (0.00135)

Rain Jan-Dec (cv mm) × Temp Jan-Dec (cv ◦) 0.000468 -0.000572 0.000677 0.000720 0.00100∗ 0.000476
(0.000444) (0.000621) (0.000525) (0.000626) (0.000601) (0.000643)

Population density (log persons/acre) 0.0516 -0.0997∗∗ 0.0526 -0.0596∗ 0.123∗∗ -0.0852∗∗

(0.0331) (0.0452) (0.0415) (0.0353) (0.0512) (0.0372)

Urban population proportion 0.139 0.335 0.133 0.0773 -0.0534 0.189∗∗

(0.175) (0.267) (0.117) (0.129) (0.105) (0.0929)

Total literacy rate (%) -0.142 -0.702 -0.0584 0.108 0.357 -0.00603
(0.207) (0.467) (0.179) (0.347) (0.234) (0.310)

Female literacy rate (%) 0.163 0.632 -0.0833 0.00634 -0.389 0.113
(0.282) (0.498) (0.252) (0.412) (0.280) (0.297)

Year Fixed Effects Yes Yes Yes Yes Yes Yes
State Time Trends Yes Yes Yes Yes Yes Yes

IV F-statistic 13.76 3.100 18.12 0.380 6.260 3.230
Prob > F 0 0.0500 0 0.680 0 0.0400

Covariate F-statistic 2.260 1.550 5.110 2.080 3.690 3.510
Prob > F 0.0300 0.150 0 0.0500 0 0

Observations 2128 2209 6387 6435 8845 7989
R2 0.240 0.552 0.528 0.612 0.629 0.590
Adjusted R2 0.229 0.546 0.524 0.610 0.627 0.587

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

State and year fixed effects and state time trends included
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Table (A2) Height (State Time Trends)

(1) (2) (3)
Height Height Height

Proportion area under rice or wheat HYV (%) 0.759∗∗∗ 0.755∗∗∗

(0.228) (0.232)

Proportion area under irrigation HYV (%) 0.135 0.140
(0.287) (0.314)

State-Year Fixed Effects
State Time Trends Yes Yes Yes

Observations 481108 562204 473381
R2 0.0753 0.0725 0.0746
Adjusted R2 0.0746 0.0719 0.0739

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (A3) Height by Rural vs. Urban (State Time Trends)

(1) (2) (3)
Height Height Height

Proportion area under rice or wheat HYV (%) 1.099∗∗∗ 1.810∗∗∗

(0.295) (0.316)

Rural × Proportion area under rice or wheat HYV (%) -0.465∗ -1.469∗∗∗

(0.252) (0.285)

Proportion area under irrigation HYV (%) -0.0783 -0.688∗

(0.329) (0.371)

Rural × Proportion area under irrigation HYV (%) 0.291 1.129∗∗∗

(0.210) (0.251)

State-Year Fixed Effects
State Time Trends Yes Yes Yes

Observations 481108 562204 473381
R2 0.0753 0.0726 0.0748
Adjusted R2 0.0746 0.0720 0.0741

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (A4) Height by Rural vs. Urban — in Northern IGP (State-Year FE)

(1) (2) (3)
Height Height Height

Proportion area under rice or wheat HYV (%) 1.006∗ 1.924∗∗∗

(0.534) (0.626)

Rural × Proportion area under rice or wheat HYV (%) 0.263 -0.897∗

(0.408) (0.475)

Proportion area under irrigation HYV (%) -0.391 -1.167∗∗

(0.450) (0.537)

Rural × Proportion area under irrigation HYV (%) 0.708∗∗ 1.381∗∗∗

(0.317) (0.382)

State-Year Fixed Effects Yes Yes Yes
1956-2000 1956-2000 1956-2000

Observations
R2 161930 228477 157097
Adjusted R2 0.114 0.0975 0.115
r2 a 0.113 0.0969 0.114

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level
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Table (A5) Height by Rural vs. Urban — Not in Northern IGP (State-Year FE)

(1) (2) (3)
Height Height Height

Proportion area under rice or wheat HYV (%) 1.267∗∗∗ 1.823∗∗∗

(0.336) (0.372)

Rural × Proportion area under rice or wheat HYV (%) -1.128∗∗∗ -1.914∗∗∗

(0.316) (0.363)

Proportion area under irrigation HYV (%) 0.144 -0.625
(0.516) (0.540)

Rural × Proportion area under irrigation HYV (%) 0.127 1.041∗∗∗

(0.317) (0.355)

State-Year Fixed Effects Yes Yes Yes
1956-2000 1956-2000 1956-2000

Observations
R2 319178 333727 316284
Adjusted R2 0.0527 0.0514 0.0522
r2 a 0.0519 0.0506 0.0513

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (A6) Stunting by Rural vs. Urban — in Northern IGP (State-Year FE)

(1) (2) (3)
Stunted Stunted Stunted

Proportion area under rice or wheat HYV (%) -0.0712∗∗ -0.122∗∗∗

(0.0271) (0.0325)

Rural × Proportion area under rice or wheat HYV (%) 0.00901 0.0614∗∗

(0.0188) (0.0255)

Proportion area under irrigation HYV (%) 0.0249 0.0845∗∗

(0.0267) (0.0357)

Rural × Proportion area under irrigation HYV (%) -0.0216 -0.0605∗∗∗

(0.0140) (0.0201)

State-Year Fixed Effects Yes Yes Yes

Observations 161930 228477 157097
R2 0.0348 0.0297 0.0356
Adjusted R2 0.0339 0.0291 0.0346

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (A7) Stunting by Rural vs. Urban — not in Northern IGP (State-Year FE)

(1) (2) (3)
Stunted Stunted Stunted

Proportion area under rice or wheat HYV (%) -0.0465∗∗∗ -0.0720∗∗∗

(0.0166) (0.0205)

Rural × Proportion area under rice or wheat HYV (%) 0.0411∗∗∗ 0.0769∗∗∗

(0.0132) (0.0199)

Proportion area under irrigation HYV (%) 0.00750 0.0410∗

(0.0219) (0.0240)

Rural × Proportion area under irrigation HYV (%) -0.0108 -0.0475∗∗

(0.0143) (0.0196)

State-Year Fixed Effects Yes Yes Yes

Observations 319178 333727 316284
R2 0.0189 0.0185 0.0188
Adjusted R2 0.0180 0.0177 0.0180

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level
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Table (A8) Stunting by Rural vs. Urban (State Time Trends)

(1) (2) (3)
Stunted Stunted Stunted

Proportion area under rice or wheat HYV (%) -0.0509∗∗∗ -0.0819∗∗∗

(0.0143) (0.0171)

Rural × Proportion area under rice or wheat HYV (%) 0.0284∗∗∗ 0.0683∗∗∗

(0.0108) (0.0162)

Proportion area under irrigation HYV (%) 0.0138 0.0506∗∗

(0.0175) (0.0203)

Rural × Proportion area under irrigation HYV (%) -0.00603 -0.0445∗∗∗

(0.00924) (0.0135)

State-Year Fixed Effects
State Time Trends Yes Yes Yes

Observations 481108 562204 473381
R2 0.0271 0.0261 0.0270
Adjusted R2 0.0263 0.0254 0.0263

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Table (A9) Crop Acreage and HYV Expansion (State Time Trends)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion area under rice or wheat HYV (%) 0.0784∗∗∗ 0.0352∗ -0.00810 -0.0662∗∗∗

(0.0194) (0.0181) (0.0212) (0.0132)

Year Fixed Effects Yes Yes Yes Yes
State Time Trends Yes Yes Yes Yes

Observations 7940 7934 7940 7910
R2 0.368 0.352 0.406 0.176
Adjusted R2 0.363 0.348 0.402 0.170

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year fixed effects and state time trends included

Table (A10) Crop Acreage and Irrigation Expansion (State Time Trends)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion gross irrigated area (%) 0.0767∗∗∗ 0.0345 -0.0690∗∗∗ -0.150∗∗∗

(0.0254) (0.0218) (0.0207) (0.0193)

Year Fixed Effects Yes Yes Yes Yes
State Time Trends Yes Yes Yes Yes

Observations 8790 8780 8797 8754
R2 0.288 0.329 0.469 0.223
Adjusted R2 0.284 0.325 0.465 0.218

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year fixed effects and state time trends included
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Table (A11) Crop Acreage and HYV and Irrigation Expansion (State Time Trends)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion area under rice or wheat HYV (%) 0.0868∗∗∗ 0.0500∗∗∗ 0.0350∗∗ -0.0384∗∗∗

(0.0169) (0.0130) (0.0154) (0.0131)

Proportion gross irrigated area (%) 0.0357 0.00833 -0.120∗∗∗ -0.156∗∗∗

(0.0244) (0.0195) (0.0247) (0.0219)

Year Fixed Effects Yes Yes Yes Yes
State Time Trends Yes Yes Yes Yes

Observations 7822 7816 7822 7805
R2 0.370 0.337 0.442 0.211
Adjusted R2 0.366 0.332 0.438 0.205

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year fixed effects and state time trends included

Table (A12) Crop Price and by Own Acreage (State-Year FE)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion area under rice (%) -0.0459
(0.0722)

Proportion area under wheat (%) -0.289∗∗∗

(0.0715)

Proportion area under coarse cereals (%) -0.233∗∗

(0.110)

Proportion area under pulses (%) 0.0160
(0.0640)

State-Year Fixed Effects Yes Yes Yes Yes

Observations 7297 6675 7733 7372
R2 0.961 0.982 0.913 0.982
Adjusted R2 0.959 0.981 0.908 0.981

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

State-year fixed effects included

5



Table (A13) Crop Price and by Own Acreage (State Time Trends)

(1) (2) (3) (4)
Rice Wheat Coarse Pulses

Proportion area under rice (%) 0.0782
(0.199)

State: Area to rice (%) -0.196
(0.422)

Proportion area under wheat (%) -0.325∗∗∗

(0.0838)

State: Area to wheat (%) -0.206
(0.170)

Proportion area under coarse cereals (%) -0.310∗∗

(0.147)

State: Area to coarse cereals (%) 0.291
(0.262)

Proportion area under pulses (%) 0.00842
(0.0851)

State: Area to pulses (%) -0.00531
(0.126)

Year Fixed Effects Yes Yes Yes Yes
State Time Trends Yes Yes Yes Yes

Observations 7297 6675 7733 7372
R2 0.868 0.970 0.872 0.973
Adjusted R2 0.867 0.969 0.871 0.972

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year fixed effects and state time trends included

Table (A14) Relative Crop Prices (State Time Trends)

(1) (2) (3) (4) (5) (6)
Coarse Coarse Coarse Pulses Pulses Pulses

Proportion area under rice or wheat HYV (%) 0.127 0.119 0.173∗∗∗ 0.195∗∗∗

(0.101) (0.108) (0.0561) (0.0578)

Proportion gross irrigated area (%) -0.00974 0.0602 0.0828 -0.0905
(0.106) (0.123) (0.0746) (0.0716)

Year Fixed Effects Yes Yes Yes Yes Yes Yes
State Time Trends Yes Yes Yes Yes Yes Yes

Observations 4970 5469 4942 5081 5638 5063
R2 0.166 0.169 0.160 0.751 0.747 0.752
Adjusted R2 0.154 0.158 0.148 0.748 0.744 0.749

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year fixed effects and state time trends included

6



Table (A15) Per Capita Crop Consumption (State Time Trends)

(1) (2) (3) (4)
Rice Wheat Coarse cereals Pulses

Proportion area under irrigation HYV (%) -0.152 0.521 -1.554∗∗ 0.528
(0.707) (0.394) (0.751) (1.524)

Proportion area under rice or wheat HYV (%) -0.846∗∗ -1.141∗∗∗ 0.390 -1.143
(0.406) (0.401) (0.431) (1.150)

Year Fixed Effects Yes Yes Yes Yes

Observations 8063 6427 4350 8071
R2 0.786 0.630 0.466 0.544
Adjusted R2 0.782 0.623 0.451 0.537

p<0.01, ∗∗ p<0.05, ∗ p<0.1
District fixed effects in all columns, errors clustered at district level

Year fixed effects and state time trends included
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