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Abstract

I investigate the effect of the Green Revolution in India on rural literacy
and women’s status using a difference in differences strategy by cohort and
intensity of adoption in a panel of 254 districts. I find robust evidence of a sub-
stantial increase in literacy associated with the adoption of the new agricultural
technology. The effect is present for the treated cohorts only — i.e. young and
rural— but not for older rural and young urban cohorts. I also provide results
that help reconcile the conflicting anthropological evidence on women’s status
in Green Revolution India: even though, on average, labour, educational and
survival outcomes worsen over time for rural Indian women, a greater adoption
of the new technology is shown to mitigate this trend.

1 Introduction

The introduction of High Yield Varieties (HYV) during the Green Revolution in
India in the mid-1960s significantly increased food production in a short period of
time. In just five years, all India foodgrain production increased by almost 50%
and average yields increased by around 30%. However, the heterogeneous effects
associated with the introduction of the new technology generate conflicting evidence
in terms of whether it brought sizeable benefits to the rural population. In particular,
many authors (see, for example, Sharma and Dak (1989) for a review) argue that only
relatively well-off farmers and large landowners benefited, while the many poor and
small farmers, tenants or agricultural labourers might have experienced marginal
benefits at best. As the new technology was intensive in irrigation, fertilizers and
mechanization, a successful introduction of the new seeds required not just an initial
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level of prosperity, but also an adequate level of education. That means that even if
states’ governments provided subsidised seeds, fertilizers and machinery to farmers—
relaxing the financial constraint to adopt the new technology—educated farmers would
still be better prepared to process information and enjoy the advantages of technical
change. In that context, Foster and Rosenzweig (1996) point out that more educated
farmers became aware earlier or simply were more able to manage the new technology.
They show that the likelihood of adoption of HY'V seeds was significantly larger for
households with at least an adult that had completed primary education, controlling
for measures of wealth such as land size. Additionally, after showing that profits
were greater for educated households, controlling for other inputs such as access to
irrigation and machinery, the authors found that enrollment rates in primary schools
increased in areas that experienced a larger increase in agricultural yields. In short,
because returns to primary education increased, private investments in schooling
also increased. But returns to education increased at a much faster pace for areas
or individuals that started off relatively better, sending them into a path of more
growth and higher incomes. The relationship between technical change and inequality
raises the concern as to whether the increased returns to education at the micro level
generated effects of any significance at the aggregate level, considering that a majority
of the rural population might have been excluded from the process of technical change,
where inputs were complementary to education’.

Alternatively, the unequal distribution of benefits associated to the Green Revolu-
tion might also come as a consequence of dimensions of inequality other than wealth
or education. A particularly salient dimension in the literature is that of gender (Srid-
har, 2004). Most notably, issues on female status in rural India had been underlined
by the problem of "missing women" —i.e. a statistically important difference in the
number of boys and girls—by Sen (1990). Additionally, a low participation in markets
(labour, credit, etc) could also exclude them from the adoption of the new technol-
ogy and improvements in well-being that could result from it (see, for example FAO
(1997)). Anthropological evidence of the effect of the introduction of HYV seeds
on female status is somewhat conflicting. Some authors, such as Rosenzweig and
Schultz (1982) and UNDP (2003), for example, show that women employment actu-
ally increased in areas with characteristics associated with HY'V adoption, sometimes
at a faster pace than men’s. Others, in contrast—such as Boserup (1990), Harriss
(1989), Mencher (1988) and Mazumdar and Sharma (1990)-have argued that the
technological change had a pro-male bias, because of the complementarity between
mechanization and male labour. If that is the case, then the advent of the new seeds

'For example, Arora et al.(1989) show that between 1971 and 1981, the average operational
holding increased from 2.89 hectares to 3.79 hectares. In particular, small and marginal holdings
(up to one hectare) were 37.63% in 1971 and 19.21% in 1981, while large holdings (between 3 and
10 hectares) increased from 26.11% to 37.01% of all holdings. The authors suggest that "small and
marginal holders were leasing out or selling their lands, (...), since farming on a small scale had
become an uneconomic proposition."



should have been associated with a relative reduction of women in the workforce or,
at least, in the agricultural sector, deepening the rift between genders. More gener-
ally, displacement from the agricultural sector would also imply that relative income
and returns to education for women were lower, and that educational improvements
should have been lower for girls than for boys in rural areas. Qian (2008), for ex-
ample, shows that in rural China relative improvements in rural female income were
associated with improvements in educational attainment for all children, while an
improvement in males’ relative income benefited boys’ education only. In the con-
text of Green Revolution India, Foster and Rosenzweig (1996) found a result that
suggests a technological pro-male bias: investments in education were significantly
larger for boys than for girls, on average. However, this result does not account for
relative changes in female working status in different HYV intensive areas (e.g. by
type of crop), that could show heterogeneous gender effects of technology adoption
on educational attainment.

In this paper, I test the relationship between HY'V adoption and aggregate liter-
acy and female status at the district level in India, using census data for 254 Indian
districts in 13 major Indian states for the census years of 1961 (pre-Green Revo-
lution), 1971 (less than five years after its start) and 1981. The use of pre-Green
Revolution data, census information and actual data on HYV adoption (as opposed
to agricultural yields) are the main differences with Foster and Rosenzweig’s paper.
The data for this paper are described in Appendix A and presented in Table 1. There
is a great variation in the intensity of HYV adoption across districts and across time.
The mean proportion of cropped area under HYV seeds was around 10% in 1971, only
four years after the introduction of the new seeds and rose to above 25% ten years
later. Still, some districts never introduced the new technology, while others did so
very quickly and deeply. Rural literacy overall also increased over time, for both the
male and female populations, even though the levels of literacy were much higher for
men than for women, and the gap in literacy rates evaluated at the mean increased
from 24 to 27 percentage points by 1981, compared to the pre-Green Revolution gap.
This suggests a deteriorating gender gap in rural areas that is also showing in the
participation of rural women in the labour force. It is striking to see that, on aver-
age, almost 80% of the women in rural areas in 1971 were not in the labour force,
jumping from 66% in 1961. At first glance, the last two described patterns in the
data would seem to support the idea that there was an increase in the gender gap
in rural India after the start of the Green Revolution. However, I show below that
districts intensive in HY'V were not generating this process.

The main specification I use is similar to the one developed by Duflo (2001) to test
the impact of school construction in Indonesia in schooling outcomes, i.e. a differ-
ence in difference regression where I compare the change in literacy for rural cohorts
that were in primary schooling age during the Green Revolution in HYV intensive
districts, with respect to the same cohort in 1961 and in districts less intensive in
HYV. The identifying assumption is that there are no omitted time-varying district



characteristics correlated with HY'V adoption and rural literacy that would generate
spurious results. To deal with this concern in the identification strategy, in addition
to controlling for district and state varying characteristics, I use two control groups:
older rural cohorts that would capture pre-Green Revolution trends in literacy and
the same cohorts in urban areas to capture contemporaneous district-wide trends in
literacy. In short, I look both at the average treatment effect on the treated (where
the treatment is districts’ HY'V intensity) and at the average treatment effect on the
untreated (older rural and urban cohorts) to test whether the treatment is picking up
other unobserved phenomena that could have improved literacy even in the absence
of the Green Revolution.

I find robust evidence that the increase in adoption of HYV seeds is associated
with substantial increases in literacy levels. Literacy increased in all districts on
average, but a district at the mean of the HYV adoption distribution would have
produced an extra increase in rural literacy of around 2 percentage points per cohort.
The reduced form estimation means that I cannot tell the different channels driving
the increase in rural literacy apart. It could be the case that local governments built
schools or hired more teachers in HY'V intensive areas, increasing the supply of ed-
ucation or that higher returns to education have increased demand. I find evidence
that when controlling for state supply of education, HY'V adoption predicts greater
literacy suggesting that, at least, the demand channel is at work. My results are
consistent with the idea that a greater complementarity between economic activity
and educational levels is an effective way of creating demand-side incentives for edu-
cation. This can be of particular importance in rural areas, where the persistence of
traditional farming might be associated with low returns to education.

Furthermore, I find no evidence of a Green Revolution-related increase in the
gender gap but quite the opposite: a greater intensity in HYV is associated with
a decrease in the literacy gap between boys and girls and with more women in the
labour market, in the agricultural sector in particular. The interesting story the
results show is that in rural areas there is an average increase in the literacy gender
gap and a decrease in female labour participation. However, a more intensive level of
HYV adoption mitigates these negative effects, without offsetting them completely.
I found a similar result for the survival of girls relative to boys aged between 0 and
4 in rural areas. These findings could shed some light on the conflicting evidence
regarding gender issues and the Green Revolution: anthropological research looking
at a small number of districts over time might conclude that the rural gender gap has
increased with and because of the Green Revolution, without noting that the trend
in most Indian districts was the same and even worse in areas with lower or no HYV
adoption.

In addition, I provide evidence that the effects of the Green Revolution on literacy
levels are present irrespectively of the gender specificity of crops. Despite the fact
that female participation in the labour market and in agricultural activities were more
prevalent in areas that were relatively intensive in rice (rather than in wheat) before



the introduction of HYV seeds, literacy for both boys and girls improved with the
adoption of both high yield varieties of wheat and of rice. However, I do find that
female literacy improved relatively more than male literacy in areas that adopted
more HYV of rice. That suggest that the relative impact of HY'V adoption of a given
crop on literacy was stronger for the gender whose labour is relatively more intensive
in that crop. This result is consistent with the evidence found by Qian (2008) for
rural China, where reforms that improved relatively more a crop intensive in female
labour had positive effects on female status.

Results are robust to the use of geographic characteristics to predict HY'V adoption
in an instrumental variables (IV) setting. Some concerns related to the endogeneity
of HYV adoption remain and are not dealt with by the cohort analysis and placebo
tests. For example, it could be the case that improvements in younger rural cohorts’
literacy are driving the modernisation of the agricultural sector or that districts that
are undergoing an unobserved cultural transformation are those who simultaneously
improve female status and technology adoption in rural areas. To adress this issue,
I use the time-varying effects of time invariant geographic characteristics to predict
divergence in HY'V adoption, as in Rud (2009). In particular, the geological thick-
ness of the watertable (needed for irrigation) and the low relief of the terrain are
salient characteristics of technology-adopting districts, and their variation is enough
to predict improvements in literacy and female status in the second stage of the IV
regression.

The paper is organised as follows. The next section analyses the effect of the
Green Revolution on literacy. Section 3 looks at different indicators of female status,
according to participation in labour markets, literacy, survival rate of girls and by
looking at the gender-specificity of crops. In section 4 I show IV results and section
5 concludes.

2 Literacy and the Green Revolution

2.1 Difference in differences analysis by cohort

As a first step in identifying whether the introduction of HYV brought about an
increase in literacy, in this section I carry out a difference in difference analysis of the
evolution of literacy before and after the start of the Green Revolution. The census
data provide information on rural literacy for different age groups at different points in
time which can be used to distinguish those cohorts that went through the educational
age during the Green Revolution years, from those cohorts of individuals who did not.
Additionally, I use information on the proportion of area that was cropped with HY'V
seeds at the district level to distinguish districts that were intensive in HYV (above
the median) and those districts that were not.

The baseline year I use is 1961, five to six years before the first HYV seeds were
introduced. For 1971, I use as the treated cohort those children between the age of



5 and 14-i.e. that were at most 10 years of age when the Green Revolution started.
Table 2, Panel A shows that areas which were above the HYV adoption median in
1971 had significantly higher levels of rural literacy in 1961 (3.5 percentage points). In
line with the idea that education was an important input for the successful adoption of
the new seeds, this first difference suggests that the Green Revolution was introduced
more rapidly in areas with better initial education. By comparing the difference in
1961 between high and low HYV intensity areas to the difference in 1971, column
(3) shows that the wedge not just persists, but experiences a significant increase,
both statistically (at 1% level) and in magnitude (the difference is more than 65%
larger). It is interesting to note that literacy increases over time for both groups of
districts. This approach controls for group characteristics with time-invariant effects
(by comparing the same group at two points in time) and common time shocks.
However, this approach relies on the identifying assumption that there are no time-
varying district specific effects that are correlated with literacy other than by HYV
adoption, i.e. that rural literacy would not have improved more in these districts if
the HY'V seeds were never introduced.

To test whether the pattern of increase in literacy is driven by systematic differ-
ences across both groups of districts, I carry out two placebo experiments within the
simple difference in difference framework. In the first one, I look at the literacy levels
in the cohort of rural individuals aged 15 to 24-who were not exposed to primary
education under the Green Revolution. Given the breakdown in age groups provided
by the census data, this measure is very conservative, since many children in this
group were 11 or 12 when the Green Revolution started and might have been able
to improve their educational efforts at that time. In the second control experiment,
I run a similar difference in difference approach by looking at the cohort of urban
children aged between 5 and 14. In both cases, if regional trends were at work and
were confounded with the adoption of HY'V, I should observe a similar pattern of lit-
eracy increases in either older rural cohorts, in urban children or in both. The second
part of Panel A and Panel B in Table 2 show that there is no systematic difference
between high and low HYV areas in literacy changes for rural individuals aged 15 to
24 and for urban children aged between 5 and 14. For the former, there is a significant
difference between high and low HYV intensity regions in 1961 ( supporting the idea
mentioned previously, that HYV was more successful in better educated areas), but
this difference does not change after the start of the Green Revolution (see Column
(6)). This suggests that the results obtained for the younger rural cohort were not
picking up pre-existing trends in rural literacy in areas that ended up adopting more
HYV seeds®. A difference in difference across cohorts in a given year shows that in
1971, the difference between high and low areas in the treated cohort is significantly
higher than the difference for the older cohort. Interestingly, the cross-cohort dif-
ference in difference was negative in 1961 and turned positive after the start of the

2Unreported results show that the same pattern of no difference in high and low HYV areas holds
for the group of people older than 25.



Green Revolution. Overall, Column (7) shows that the change between 1961 and
1971 is 2.1 percentage points (significant at the 1% level).

For the cohort of urban children aged 5 to 14, Panel B shows three interesting
features. First, there is no difference in literacy before the Green Revolution in
urban areas for regions high and low in HYV adoption. Second, urban literacy has
increased between 1961 and 1971 by similar magnitudes to the ones I found in rural
areas (around 5 or 6 percentage points). This suggests that increases in literacy were
not an exclusively rural phenomenon at the time. Finally, however, this increase over
time is very similar in both high and low HYV districts. In short, for children aged
5 to 14, I don’t find any evidence that the increase in literacy in urban areas was
more prevalent in districts intensive in HY'V. In terms of the identifying assumptions,
it is encouraging to find that changes that show in treated cohorts are present in
non-treated cohorts.

In Table 3, I carry out a similar exercise, this time comparing data for 1961 and
1981. This time, the cohort that grew up after the Green Revolution started includes
those aged between 5 and 24 in 1981, and I compare them with the same group in
1961. Districts are again sorted according to whether the proportion of HY'V adoption
is above or below the median, measured in 1981. Panel A shows that the difference in
rural literacy for those aged between 5 and 24 between both regions is 2.9 percentage
points greater (at the 1% significance level) in 1981 than in 1961.

As in the previous table, I look for systematic differences across regions by testing
whether the same difference in difference approach can explain the evolution of two
groups that are not treated under my identifying assumptions: i.e. rural populations
aged over 25 and urban populations aged below 25. Results in Panels A and B in
Table 3 show that the increasing levels of rural literacy found for the treated group
are not present for the other two control groups. The difference in literacy between
high and low HY'V areas for the group that had their educational years after the start
of the Green Revolution is significantly greater than the difference in literacy for the
same group in 1961, the older age group in 1981 and the same age group in urban
areas’.

This section has provided evidence that rural literacy significantly improved in
HYV intensive areas. The claim that the difference in difference results are identifying
causal effects seems more robust when results for untreated cohorts in rural and urban
areas do not follow the same pattern, alleviating concerns that the results are driven
by time-varying regional characteristics. In the following section, I extend the analysis
to use a continuous measure of HY'V adoption and to control for district-specific and
time-varying characteristics that could be correlated with HYV adoption and literacy
and might be biasing the difference in difference results in Tables 2 and 3.

3The results hold when comparing the 15 to 24 age group in 1971 (not treated) and 1981 (treated),
showing that the change in literacy in HY'V intensive districts between 1971 and 1981 is on average
1.5 percentage points greater (significant at 1% level) than in low HY'V areas. Older rural and urban
cohorts don’t show any significant difference.



2.2 Effect of HYV adoption by cohort

In this section, I turn to a regression framework to introduce a continuous measure of
HYV adoption and control for district characteristics that might be driving the surge
in rural literacy. I first consider the average effect on literacy of the Green Revolution
by running an OLS regression of the following form

Lgllst = ags + By + YHY Vg + 0Xgst + East (1)

where L¢,, is the proportion of literate people in district d, state s and year ¢ for a
cohort ¢ in location [ (i.e. rural or urban), and HY V is the time varying proportion
of cropped area cultivated with HY'V seeds at the district level. T also include district
fixed effects to control for time-invariant district characteristics and year dummies
to control for average changes in literacy between census years. I also include a
set of district controls X, that capture demographic changes (e.g. proportion of
female population, proportion of rural population, log of population) and economic
characteristics (e.g. proportion of rural workers in the manufacturing sector, log of
roads per square kilometre) that could be correlated with both HY'V adoption and
literacy. To account for autocorrelation of the error term, I cluster standard errors in
all regressions at the district level.

Even though the previous section has shown that the successful adoption of HYV
seeds was more prevalent in areas with higher literacy, these estimates are not cap-
turing this reverse causality. The fact that the variable HY V,, is only positive and
different from 0 from 1971, implies that district fixed effects are absorbing the dif-
ferences in initial levels of literacy across districts and that the estimated coefficient
~ only captures the additional improvement in literacy associated with increases in
HYV. Note that the estimation is a reduced form regression, without being able to
delineate specific mechanisms, such as an increase in demand for education or a Green
Revolution-induced increase in the supply of schools in high HY'V areas. As suggested
by Foster and Rosenzweig (1996), both likely happened to some extent. However, the
main econometric concern would be that, in the absence of technological change, these
districts would have experienced supply or demand shocks at that time specific to
rural areas. In the absence of a clean counterfactual, the use of a continuous measure
of HYV adoption allows me to compare districts with different treatment intensity
over time, controlling for district fixed effects and time-varying characteristics. Ad-
ditionally, running similar specifications for non-treated cohorts in rural and urban
areas allows me to check whether the literacy changes were happening only at the
right time and in the expected areas.

Panel A in Table 4 shows results for three cohorts, with and without district
controls in each case. In columns (1) and (2), increases in HY'V adoption are positively
associated with greater literacy rates for the group of rural children aged 5 to 14.
The inclusion of district controls reduces the magnitude of the coefficient, but not its
significance. Additionally, the year dummies are positive and significant, capturing an



average improvement in rural literacy among the youngest cohort. The magnitude
is sizeable: an increase in one standard deviation in HYV results in around 1.4
percentage points increase in rural literacy for children aged 5 to 14. Taken at the
average district in the sample, that means having almost 5400 more literate children
in that cohort. For the whole sample, this is equivalent to an increase in the number
of literate children aged 5 to 14 by an extra 1.4 million, as a result of the introduction
of HY'V seeds.

It is important to note that the cohort of children aged 5 to 14 were of educational
age in both HY'V years (1971 and 1981). That means that I expect the effect of HYV
on this cohort to be stronger than for the cohorts analysed in the subsequent columns.
In columns (3) and (4), I run regression (1) using the cohort of individuals in rural
areas aged 15 to 24. Given that the Green Revolution started in 1966/7, I expect
many people in the 1971 cohort to be beyond educational age, probably in the labour
market already. However, all individuals in the 1981 cohort were born (and then were
eligible to receive primary education) after the start of the Green Revolution. Because
the cohort in 1971 includes many people that were not treated, I expect the effect
of HY'V on literacy to be smaller than for the youngest cohort. Results in Columns
(3) and (4) show that this is the case, with coefficients remaining strongly significant.
When pooling both cohorts together in columns (5) and (6) and running on rural
literacy for individuals aged 5 to 24, I include all treated individuals (aged 5 to 14
in 1971 and aged 5 to 24 in 1981) and some that I expect not to be treated (aged 15
to 24 in 1971). The estimates are positive and strongly significant (at the 1% level)
and, as expected, the magnitude of the coefficients is smaller than the estimates in
columns (1) and (2), but greater than in columns (3) and (4).

Panel B in Table 4 looks at the correlation between literacy and some district
controls to shed some light on some of the drivers of rural literacy. The proportion
of population that is female is strongly correlated with higher levels of literacy while
more rural districts don’t seem to perform worse. However, more densely populated
areas do have lower literacy rates across cohorts. As expected, measures of rural
economic development and infrastructure-such as the proportion of rural workers in
manufacturing jobs and road density—are both positively correlated with higher levels
of literacy.

In Table 5, I reproduce regression (1) but this time using the control groups, as
in the previous section. As in Table 4, I include regressions with and without district
controls. In columns (1) and (2) the left hand side variable is the rate of literacy
for the rural cohort of individual that was of educational age before the start of the
Green Revolution, i.e. those aged 25 or more. As expected, the coefficient on HYV
adoption is not significantly different from 0. The year dummies are positive and
significant, suggesting an increasing improvement in rural literacy across generations
that predates independence, but that was not associated with the Green Revolu-
tion. Columns (3) to (6) use the groups aged 5 to 14 and 5 to 24 in urban areas
to see whether districts’ intensity in HYV is correlated with urban literacy among



the cohorts that were of educational age after the introduction of HYV seeds. A
positive and significant coefficient would imply that HYV adoption was correlated
with omitted district developments which were driving literacy up in both rural and
urban areas and that the results are capturing a spurious correlation between HYV
adoption and rural literacy. The failure to produce statistically significant coefficients
for urban literacy alleviates these concerns somewhat.

Next, I combine the baseline OLS regression and the difference in difference ap-
proach to look at the additional effect per year of HYV adoption with respect to 1961
in a regression of the following form:

szlst = ags + B, + v HY Vagrr + v51 HY Vigggr + 60X st + €ast (2)

where ., and g, respectively capture the differential increase in literacy associ-
ated with higher HY'V intensity in 1971 and 1981 with respect to 1961. The previous
OLS specification provided information on the average effect of HYV on literacy.
Equation (2) allows me to deal with at least three concerns. The first, related to
the magnitude of the effect of the Green Revolution on rural literacy, is to deal with
the possibility that in order to get sizeable improvements in literacy, the adoption
of HYV seeds should increase beyond the bounds of the data at a point in time.
I can check that by having a measure of the effect per year. A second concern is
that a cohort that was treated shows significant results because the same cohort in
another year is pulling the average up. For example, if all literacy improvements for
rural children aged 5 to 14 are significant only in 1981, and insignificant or negative
in 1971, this could raise doubts as to whether the improvements came from other
sources than HYV adoption, which only became active many years after the start
of the Green Revolution. Similarly, this specification shows whether a cohort that
was not supposed to be treated (e.g. individuals aged 15 to 24 in 1971) produces
significant results. A third concern is that the effects observed in the OLS regression
were short-lived, thus capturing a pre-Green Revolution trend in districts that ended
up adopting more HYV, rather than its effects. If that is the case, the differential
increase in rural literacy associated with HYV intensity with respect to 1961 could
be greater in 1971 than in 1981 (where HYV adoption was greater). In short, since
HYV adoption increased steadily over time, finding an unbalanced distribution of
the effects of HYV on rural literacy over time might raise some concerns about the
described channel: specifically, it might be revealing that the measure of HYV in a
given year is capturing some other omitted time-varying district-specific effects that
are driving rural literacy up.

Table 6 shows results for the same three cohorts analysed earlier, with and without
district controls. Columns (1) and (2) show that for rural children aged 5 to 14, a
greater proportion of HYV seeds is associated with an additional increase in rural
literacy over and above the average increase captured by the year dummies. As
expected, the effect holds both in 1971 and 1981, meaning that the effects of the
Green Revolution on literacy are present from the beginning. In terms of magnitude,
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a district at the mean of HYV adoption in 1971 has a 1.1 percentage points extra
increase in rural literacy (on top of the average increase of 3.7 percentage points)
with respect to 1961. When comparing 1981 with 1961, a district at the mean of
the adoption distribution has increased between 2.3 and 3.2 percentage points more
than the average increase of 9 percentage points. Note that even though the point
estimates are similar, the fact that HYV was more prevalent in 1981 increases the
mean effect and alleviates the concern that the effects on literacy were not distributed
over time in a similar way to HYV adoption. Columns (3) and (4) show interesting
results regarding the cohort of rural individuals aged between 15 and 24. Since most
of the individuals in this cohort were not supposed to be treated in 1971, I expect
the effects to be insignificant or small at best. This is what the results show: I
find no effect in the specification without district controls, and I find a coefficient
significant at the 10% level only when I control for district characteristics. If present,
the magnitude of the effect is low (0.5 percentage points, less than half the effect
found for the younger cohort). This contrasts with the positive, sizeable (around 2
percentage points) and significant (at the 1% level) effect found for this cohort in
1981. These results are good news in terms of the identifying assumptions, since the
effects on rural literacy seem to come not just from districts that were more intensive
in HY'V, but also from the cohorts that were supposed to be affected by the Green
Revolution. Columns (5) and (6) show that the results hold when pooling together
the two cohorts, i.e. individuals aged 5 to 24, and that the magnitudes are very
similar to those found in the first two columns.

The same exercise is done for control groups, namely rural people that were in
schooling age before the Green Revolution and younger urban cohorts. A concern
with respect to the OLS results for these control groups might be (again) that OLS
is averaging out some opposing effects that might happen in HY V-intensive districts
over time, revealing some unobserved phenomena that have affected different cohorts
at different points in time. If during the first years of the Green Revolution, adopting
districts were drawing resources from urban areas to serve rural areas, then we should
expect intensity in HY'V to be associated with a drop—or less than average increases—
in urban literacy. Alternatively, resources generated by HYV in the late stages might
have been used to fund a district-wide schooling programme that would affect both
urban and rural children. If stories of this sort happened over time, it could be the
case that an OLS estimation would show an insignificant effect of HYV on urban
areas, but a difference in differences approach might show a positive effect for 1971,
and a negative effect for 1981, for example. Results in Table 7 alleviate the concern
that a more complex non-linear story was generating insignificant results in urban
or older rural cohorts. Even though the year dummies capture increasing literacy
in all groups, there is no strong evidence that intensity in HY'V was associated with
heterogeneous effects for the untreated population at any point in time.

Finally, I check whether the estimates are confounding the effects of other phe-
nomena that could be generating a spurious correlation between HYV adoption and
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rural literacy?. The first alternative story is one related to migration: the initial dif-
ference in difference tables showed that HYV adoption was more successful in areas
with greater levels of literacy. It might well be the case that, as a result, areas suitable
for HYV adoption were attracting more literate farmers. If that were the case, the
increase in average rural literacy would not be the consequence of increased returns
to education generating incentives to younger generations to get more education, but
instead the consequence of a selection of better educated migrants arriving in the
HYV-compatible districts. Column (1) in Table 8 controls for the interaction of the
proportion of rural migrants in the district with year dummies. The estimates for
HYV adoption in 1971 and 1981 remain positive, significant and similar in magnitude,
suggesting that HYV was not capturing the effects of migration.

Another concern is that HYV adoption was correlated with the proportion of
population belonging to Scheduled Castes (SC) or Scheduled Tribes (ST). Dhanagare
(1989) points out that the benefits for these groups were smaller, in particular be-
cause it was poorer farmers that on average benefited less from the introduction of
agricultural change. The story I am testing here is one where the evolution of literacy
in a district is linked to the economic and social composition of the population, rather
than to HY'V. The presence of a poorer or more disenfranchised population could be
correlated both with less HY'V adoption and with a deteriorating trajectory for rural
literacy. Columns (2) and (3) check whether the effect of HYV vanishes when con-
trolling for the proportion of population belonging to either group, interacted with
year dummies. Since the proportion of people belonging to either group in a district
tends to be very stable, the interaction with year dummies will capture the time evo-
lution of rural literacy for a level of SC/ST population. The effects of HYV remain
positive and significant, even though the magnitude drops a little, in particular when
the proportion of population belonging to Scheduled Tribes increases’.

Finally, the increase in literacy might come as a consequence of improved provi-
sion of education supplied by the state government and unrelated to the adoption of
the new technology. In column (4), I include as a control the log number of schools
per capita at the state level®. In Column (5), I also include state time-trends to check
whether changes in literacy were actually driven by state-wide policy trajectories. In
both cases, results on the interaction terms are positive and significant, and the mag-
nitude of the coefficients does not drop much. These specifications reduce concerns
that literacy improvements were not driven by HYV adoption but by other district
or state phenomena that would have improved rural literacy in the absence of the

41 present results for the cohort of children aged 5 to 14, even though the following results hold
for the other cohorts as well.

SInterestingly, the unreported coefficients on the interaction of the ST measure with year dummies
are negative and significant. This implies that the upward bias comes from a negative correlation
between successful adoption of HY'V and more population classified as Scheduled Tribe, as suggested
by the anecdotal evidence.

61 alternate this measure with the log of expenditure in primary education per capita and the
log of primary teachers per capita, without major changes in the results.
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Green Revolution.

3 Gender, literacy and the Green Revolution

In this section, I analyse whether the improved literacy associated with HY'V intensity
had heterogeneous effects by gender. It is generally argued that women lost out in
the process of technical change associated with the Green Revolution in India, either
by being displaced from wage earning opportunities or by receiving even lower wages
than before (see FAO (1997), for example). Theoretically, if the new technology was a
substitute rather than a complement to female labour, I should observe fewer women
employed in rural areas or, if employed, that they moved away from the agricultural
sector. Unfortunately, the data available does not allow me to investigate whether
women with particular characteristics (e.g. landowners or from wealthier households)
benefited more. But the data do allow me to investigate if claims that female labour
in general-and in agriculture in particular-was displaced in areas intensive in HY'V,
hold on aggregate. The existing evidence is not conclusive about whether women were
displaced by the introduction of technical change (as suggested by Harriss (1989) or
Mencher (1988)) or whether female employment actually increased (as in UNDP
(2003), for example). Kaur and Sharma (1989) suggest that there are heterogeneous
effects from mechanization for women based on socioeconomic characteristics. They
find that the overall effect is a displacement of female labour in rural areas in two
districts in the state of Haryana.

In terms of literacy outcomes, there are two effects that should be considered: one
is linked to parents’ demand for their children’s education when a more profitable tech-
nology has greater returns to education than the traditional agricultural technique.
The second one is linked to intra-household allocation of power and resources: there
is evidence that when resources shift towards women, all children benefit and when
resources shift towards men, only boys do, if anyone (see Qian (2008) and Rosenzweig
and Schultz (1982) for China and India, respectively). It follows that increasing re-
turns to education stemming from HYV adoption should be a force inducing greater
literacy levels for all children; even though if resources have shifted towards males, the
effects on boys should be greater than on girls. Moreover, in the presence of strong
gender bias literacy changes for girls could go either way, i.e. I could find that the
interactions of HYV and year dummies in equation (2) are negative or insignificant
when the explained variable is rural female literacy for a treated cohort.

To test the direction of effects, I will first check labour market outcomes for women,
in absolute terms and relative to men. I subsequently test whether improvements in
literacy were gender specific by looking separately at the effects on gender cohorts
and the gap between male and female literacy and by analysing the effects by gender-
intensity of the two major crops during the Green Revolution (i.e. rice and wheat).
I finally check whether HY'V can be associated with changes on another measure of
female status, namely, girl’s relative survival rate.
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3.1 Labour market and gender

The effect of the Green Revolution on female labour could theoretically go either
way. A simple mechanism for increasing female labour is that the new technology
increased female wages and raised the opportunity cost of not working. However,
if the technology was intensive in inputs that were not complementary to female
labour, then women’s wages would have dropped. Unless rural women were in a
backward-bending part of the labour supply schedule, a drop in wages should have
reduced the supply of female labour. However, other mechanisms might have been
at play if the decision to work was made at the household level or depended on other
characteristics, such as land ownership. For example, if HYV adoption increased the
income of male household members, women might have stopped working altogether—
or moved away from the agricultural sector. On the other hand, the adoption of
the new seeds by the household might only have been possible if women raised some
extra cash to buy seeds, fertilizers, etc. The district data do not provide enough
detail to tell these alternative mechanisms apart. However, a reduced form regression
of employment outcomes on HYV adoption might be informative in terms of labour
market outcomes, particularly since the data set includes districts with little or no
HYV adoption. To that end, I use information on the proportion of women not
working and, among those who did work, the proportion employed in agriculture as
a proportion of total rural females and working females, and relative to men.

In column (1), Table 9, the year dummies in the OLS regression show that the
proportion of women that were not part of the working force in rural areas was greater
in 1971 than in 1961, but not in 1981. However, a greater level of HY'V adoption was
associated with a reduction in the proportion of women that did not participate in
the labour market. Note that the proportion of HYV adoption that offsets completely
the effect captured by the year dummy should be above 1. That means that HYV
adoption could at best mitigate average changes in female employment. This suggests
that following a district intensive in HYV before and after the introduction of the
new technology would show that female employment dropped but would not reveal
what is apparent from results in column (1): that the effect was actually lower than
it would have been in the absence of the new technology.

Column (2) looks at the interaction of HYV adoption with year dummies and
finds that a greater part of the effect of HYV adoption in column (1) happened by
1971. However, even though the 1981 dummy is still insignificant, intensity in HYV
was associated with a slight increase in female participation in the labour force. The
magnitude of the coefficients and the distribution of HYV adoption per year suggest
that, with the exception of a small number of districts, female participation in labour
markets dropped significantly between 1961 and 1971, but the effect was increasingly
mitigated by a greater adoption of HYV seeds. By 1981, the proportion of women
not working fell again, but the increase in female labour (when compared to 1961
levels) came from districts with greater adoption of HY'V only.

In columns (3) to (6) Ilook at the participation of women in the agricultural sector.
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When measured as a proportion of the total female population, columns (3) and (4)
show that intensity in HYV attracted more women into the agricultural sector. The
HYV coefficient in column (3) is positive and significant and column (4) shows that
the effect was stronger in 1971. It is apparent again that HYV adoption mitigated
the decrease in the proportion of women in the agricultural sector, as captured by the
1971 dummy. Not including a proper counterfactual (i.e. evolution of districts with
less HYV or without HYV altogether) might lead to the conclusion that HYV was
associated with a displacement of female force from agricultural labour. Columns
(5) and (6) look at the proportion of rural women in agriculture, conditional on
being in the labour force, to check the sectorial allocation of female workers. Over
time, there seems to have been almost no significant movement towards or away
from agriculture among female workers. However, an increase in HYV adoption
was strongly associated with women working in the agricultural sector. This time,
the effects are not just strongly significant but also within the bounds of the data:
the increase in the proportion of female workers in the agricultural sector was 2.3
percentage points higher for a district at the mean of the HYV adoption distribution
in 1971, and 5.6 percentage points higher in 1981 than in a district with no HY'V.

Finally, columns (7) and (8) take a look at the ratio female labour - male labour in
the agricultural sector. Results show that HYV intensity is associated with relatively
more female labour used, even though the trend was decreasing. These effects only
show just after the start of the Green Revolution.

3.2 Literacy

Table 9 provides evidence that the Green Revolution not just attracted women to
the labour market but to the agricultural sector, in particular. To test whether the
increase in female employment was associated with increasing returns to education
for females, in the absence of information on wages for female agricultural workers,
I can only run a reduced form regression and check whether literacy among females
increased with HYV. If an increase in the labour market gap between males and
females resulting from the Green Revolution was not captured by Table 9, but was
present and affected the returns to education, then it should be reflected in the
evolution of the literacy rates by gender.

To analyse whether the literacy results found in previous sections were gender
specific, I run regression (1) again, this time for men and women separately. Infor-
mation on literacy rates per age groups and per sex allows me to test the hypothesis
that the Green Revolution induced a gender bias in educational outcomes. Columns
(1) and (2), Table 10 present results for the OLS estimation of HYV adoption on
literacy for rural individuals aged 5 to 24 for males and females, respectively. An
increase in 1 percentage point in the proportion of land cropped with HY'V seeds
was associated with an increase in rural literacy of 0.06 percentage points for males
and 0.10 percentage points for females. As the average effect obtained in the OLS
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estimate for this cohort was 0.08, it follows that there were heterogeneous effects in
rural literacy associated with HY'V adoption, but, if anything, in a pro-female direc-
tion. To check whether this differential impact in literacy came from gender specific
trends, I will again use the two control groups (rural population older than 25 and
the population aged 5 to 24 in urban areas). The average effect in these groups was
not significantly different from zero in the OLS estimation. But it could be the case
that female literacy was following a different trajectory in rural and urban areas at
the district level (through a catch up effect, for example, since rural male literacy was
more than two times greater than female literacy, on average, or through a district-
wide programme that also reached urban girls). So it could be that column (2) was
simply reflecting these effects. Columns (3) and (4) show that for the older rural
cohort HYV was associated with changes in literacy that are insignificantly different
from zero. Similarly, results for the urban cohort in columns (5) and (6) are also
insignificant. In both cases, the results on HY'V in the first two columns do not seem
to be picking up a gender-specific rural or generational effect.

As pointed out before, looking at the average effect of HYV on rural literacy
might be hiding some heterogeneous gender effects behind the positive and significant
estimates within cohorts. The steady increase in HYV adoption over time should be
reflected in the year specific effects in order to reduce concerns that the measure
of HYV adoption is correlated with year and region-specific shocks. To test this, I
ran a set of difference in difference regressions as in equation (2), but this time for
male and female cohorts, to see whether the gender effect on literacy found in the
OLS specification followed the deepening of the Green Revolution. For the cohort of
rural individuals aged between 5 and 24, the point estimates confirm that the effect
of HYV was stronger in 1981 than it was in 1971, for both men and women. In
particular, intensity with HY'V was associated with a larger and increasing effect on
female literacy. In a district with a mean level of HY'V adoption, the increase in rural
literacy was similar for men and women in 1971 (i.e. 0.8 and 1 percentage points,
respectively), but larger for females in 1981 (1.6 percentage points for males, 2.6 for
females)”. When looking at the control groups, columns (3) to (6) show no results
that could suggest that omitted characteristics at the district levels were driving the
general improvement in literacy or the relatively improved performance of female
literacy in rural or urban areas.

The positive and significant coefficients for year dummies across generations and
locations show that literacy did improve for men and women. Moreover, improve-
ments above the average in areas with higher HY'V intensity only happened for the
cohorts that were supposed to be affected by the change, i.e. individuals that were
educated after the start of the Green Revolution in rural areas. Additionally, the
improvements in literacy seem to be evenly distributed between men and women; if
anything, with a tilt towards larger benefits for girls. In the next set of regressions,

"Unreported estimates show a very similar pattern for the cohort of rural children between 5 and
14, suggesting that the choice of cohort is not relevant in identifying gender effects.
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I check whether these differences are statistically significant, by running a regression
of the form:

ALglst = Qgs + 6t + 771HYVYds71 + 781HYVYd881 + 5det + Edst (3)

where ALY, is the literacy gap between men and women of cohort ¢ in location
[ for a district d in state s and year t. The difference should cancel out all district
characteristics that had a similar effect on male and female literacy (e.g. teacher
availability or quality), but would not deal with characteristics that had a differential
impact on literacy, even if these characteristics were fixed (e.g. cultural gender bias).
To account for this possibility, I use district fixed effects that would take care of
gender-varying effects of district fixed characteristics. Similarly, year dummies will
capture the change in the gender gap with respect to 1961. Additionally, I replace
the left hand side variable with the difference between the gender gap in rural areas
with the gender gap in urban areas, to account for the possibility that the adoption of
HYV seeds might have been correlated with some unobserved district-wide changes
in gender attitudes.

The positive and significant estimates for the year dummies in column (1) in
Table 12 suggest that the rural literacy gap increased between males and females
aged between 5 and 24. However, the gender gap increase was mitigated in districts
with more HYV adoption, i.e. the increase in the literacy gap was lower, the greater
the incidence of HYV seeds. Only in a few cases was the level of HYV adoption
large enough to offset the overall increase in the literacy gap. Column (2) shows the
gender gap in literacy for the same cohort in urban areas. The year dummies show
that, on average, the gap decreased with respect to 1961. If anything, in 1971 the gap
decreased slightly less in districts more intensive in HY'V, even though the magnitude
of the coeflicients is small and a reversion in the decrease captured by the year dummy
is beyond the bounds of the HYV adoption distribution. Columns (3) and (4) show
results for the rural and urban cohort of people aged over 25 and prove interesting: as
in the previous two columns, the gender gap decreased in urban areas and increased
in rural areas. Most notably, districts intensive in HYV showed a reduction in the
gender literacy gap. This would be bad news in terms of the identification strategy,
since there was an effect in HY V-intensive districts in a cohort that should not have
been affected. However, column (4) shows that a similar phenomena was happening
in urban areas, suggesting that districts intensive in HYV were closing the gender
literacy gap in rural and urban areas at the district level, probably capturing pre-
Green Revolution trajectories. The next four regressions use the difference between
rural and urban gender gaps as the explained variable, with the objective of absorbing
common trends in gender gap literacy in urban and rural areas. In columns (5) and
(7) I run an OLS regression using HYV intensity as the explanatory variable and in
columns (6) and (8), I run regression (3). Column (5) shows that the gender gap in
rural areas increased over time vis-a-vis urban areas (as shown by the point estimates
of the year dummies), but the coefficient on HY'V adoption is negative and significant.
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This means that the difference between the rural and urban gender gaps decreased
with the Green Revolution. Column (7) shows that this was not the case for the
older cohort which grew up before the Green Revolution started. Columns (6) and
(8) show the same pattern: the relative increase in the gender gap in rural areas was
mitigated in areas with greater HYV adoption for the cohort that was treated, i.e. of
educational age after the start of the Green Revolution, and not for the older cohorts.

In conclusion, results in this section suggest not just that the intensity of the Green
Revolution was associated with an increase in literacy in rural areas for both men
and women, but that the effect was significantly stronger for women. The evidence
suggests that HY'V adoption actually mitigated the increasing gap between male and
female rural literacy. This observation is at odds with the widespread belief that
the Green Revolution worsened the status of women, at least in terms of access to
education (see FAO report on "Women and Food Security" (1997) and Mazumdar and
Sharma (1989)). Since the gender literacy gap in rural areas seems to have worsened
over time, looking at the evolution of districts intensive in HY'V only might lead to
the conclusion that the increase in HYV was driving this phenomenon. However, by
looking at a large sample of Indian districts over time and using control groups in
rural and urban areas, I can distinguish the general direction of gender differences
in rural areas and the performance associated with a deeper incidence of the Green
Revolution across India.

3.3 Gender-specific Crops and Literacy

In the previous section I found that, on average, the introduction of Green Revolution
seeds are not associated with lower measure of female status, once the all-rural India
trend is controlled for. However, since the adoption of different crops of HYV can be
associated with different intensities in female labour (both in absolute and relative
terms to male labour), a breakdown of effects by crop can help depicting a more
precise picture of the distributional effects of the new agricultural technology. In
particular, as mentioned above, I would expect positive effects on literacy for boys
and girls in places using more of the female-intensive crops (no conflict between the
effect of returns to education and the intra-household allocation effect). However, in
places where male-intensive crops becomes relatively more widespread, it is not clear
which effect would prevail, in particular for girls.

To test this in the Indian context I make use of information on the two most
important crops both in area cropped and HYV adoption, i.e rice and wheat®. To
characterise the relative use of female labour in districts with different crops I make
use of cross-sectional variation in female agricultural labour in districts with different

8Before the start of the Green Revolution, 20% of the cultivated area was cropped with rice
and 11% with wheat, on average. Jowar, a variety of sorghum, followed with around 10% of total
cropped area. In 1981, around 11% of the total cropped area was cultivated with HYV of wheat
and another 10% with HYV of rice. The use of HYV Jowar was only 2% of total cropped area.
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intensities of rice and wheat before the start of the Green Revolution, controlling for
state fixed effects and district characteristics. Table 13 shows results for two different
specifications using four different labour market indicators. In the first specification,
I use the proportions of area cropped with rice and wheat. In the second, I construct
a dummy for districts where the area cultivated with rice dominates the area used
for wheat. In columns (1) and (2) I find that the proportion of women that do not
work are lower the greater the intensity in rice. A greater proportion of wheat is
associated with more women not working. Column (2) shows that districts that are
rice intensive show around 9 percentage points more female labor. Columns (3) to
(6) show that rice intensity draws more women to the agricultural sector, both as a
proportion of total rural women and as a proportion of rural female workers. Wheat
intensity shows the opposite effect. Less women work in rural areas and, if they
do, they don’t go to the agricultural sector. Note that these regressions control for
characteristics such as the size of the manufacturing sector. Finally, columns (7) and
(8) show that the ratio female - male in the agricultural sector also increases with
rice intensity and decreases with wheat intensity.

Results in Table 13 suggest that, within states, rice was relatively more intensive
in female labour. The question is whether improvements in literacy (overall and
gender specific) are associated with the introduction a specific type of HYV seeds. If
improvements in literacy come from increased returns to education associated with
the technology, I should find that the introduction of HYV seeds improves literacy
regardless of the gender-specificity of the crop. If improvements in literacy come
from improvements in female relative income, as in Qian (2008), then I should find
stronger effects in rice intensive areas or in areas where female labour was more
prevalent before the start of the Green Revolution. Table 14 shows evidence of both
phenomena being at work. Column (1) shows that the adoption of HYV seeds had
a positive effect on rural literacy for the cohort of children aged between 5 and 14
irrespective of whether the HY'V seed was rice or wheat. Furthermore, since the mean
adoption was the same for both crops (around 10%) the magnitude of the effect is
similar for both crops. A difference in difference analysis in column (2) shows that
districts that were relatively rice intensive before the Green Revolution (and where
women where more involved in the agricultural sector as shown by Table 13) have
improved literacy less than districts that were relatively wheat intensive by 1971.
Improvements in literacy were similar for both sets of districts in 1981.

Colums (3) and (5) show interesting results in terms of the heterogeneity of the
crop effects by gender. Adoption of HYV of wheat seem to have a symmetric effect
across genders. However, the effect on boys is slightly larger than the effect of HYV
of rice on the same group and the effect on girls, slightly smaller. It follows that a
greater adoption of HY'V of rice would have a greater impact on girls’ literacy than
on boys’. Statistically, column (7) shows that the reduction in the gap in literacy
between boys and girls is only associated with more adoption of high yield varieties
of rice.
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When comparing districts according to their pre-Green Revolution crop intensity,
columns (4) and (6) show that the level effects on literacy for both boys and girls
were greater in districts that were initially more intensive in wheat. However, column
(8) shows that the gender gap was reduced only in areas that were initially intensive
in rice after the start of the Green Revolution.

This section’s results show that the returns to education effect was strong and that
the Green Revolution was associated with improvements in the level of literacy across
genders regardless of the gender-labour intensity of the crop. In particular, areas
intensive in wheat seem to have gender-neutral improvements in literacy. However,
the relative improvement of female literacy was associated with greater adoption of
the new variety of the female-intensive crop (i.e. rice) and in areas where rice was
initially more prevalent. That means that areas where female labour was relatively
more important experienced greater improvements in female literacy. In other words,
the relative impact of HY'V adoption of a given crop on literacy was stronger for the
gender whose labour is relatively more intensive in that crop, suggesting the presence
of an effect derived from intra-household relative reallocation of resources and power.

3.4 Sex Imbalance

The problem of "missing women" in rural India, as described by Sen (1990), is ob-
served in this paper’s dataset, where the ratio of boys to girls aged 0 to 4 is above
1.02, on average. That means that changes in rural India that affect the status of
women could also have an impact on the survival rate of girls relative to boys. Qian
(2008), for example, showed that increases in the fraction of surviving girls in rural
China followed improvements in female status. However, as in the case of female
labour participation, raw numbers suggest a worsening in female status in all rural
India, since the ratio of boys to girls increases over time (from 1.01 in 1961 to almost
1.03 in 1981). In this section I investigate whether a deepening of the Green Revo-
lution can be associated with this trend or not, reproducing the same specifications
used in the previous sections, this time using the ratio of boys to girls aged between
0 and 4 as the explained variable. I also check whether urban and older rural cohorts
show a similar trend, as a placebo test.

Table 15 shows in columns (1) and (2) that year dummies are positive and sig-
nificant, conveying the negative trend in the rate of surviving girls in rural India.
However, an increase in HY'V adoption is associated with a less negative evolution of
the ratio of boys to girls. As in previous results, the Green Revolution only mitigates
this trend, since only a value of HY'V Adoption of 1 (i.e. a district using only HY'V
seeds) would counter the negative trend fully. Column (2) also shows that the mit-
igating effect of HYV adoption only shows up in 1981, suggesting that the survival
rate of girls took longer to improve than other indicators of female status. Columns
(3) and (4) perform the same regressions on the same cohort in urban areas and older
cohorts, both cohorts supposedly unaffected by the introduction of the new agricul-
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tural technology. Column (3) shows that the worsening of the boys to girls ratio is
only a rural phenomenon and that districts with more HYV adoption did not show a
differential effect in urban areas. Column (4) shows that older cohorts in rural areas
were on a steeper decline in the rate of girls’ survival relative to boys’ (as shown by
the coefficients on the year dummies), but that there was no pre-existing differential
trend for areas that subsequently showed a greater adoption of the new seeds. In both
cases, the coefficients on HY'V adoption were positive but not significantly different
from O.

4 Instrumental Variables Results

An additional concern with respect to literacy and female status results is that of
endogeneity of HYV adoption. It might be the case that whenever younger people
are more educated they take more control of farming decisions and, simultaneously
through preferences (e.g. less risk averse) or information, they end up adopting
new technologies. In that case, diffusion of HYV seeds could be a result and not
a driver of improvements in literacy. Alternatively, unobserved changes in districts
(e.g. cultural transformation) could explain why women are more active in income
generating activities and why adoption of the new seeds diffuses more rapidly. In that
case, more dynamic districts could go through both transformations independently.
To address this issue, I look for geographic characteristics that can explain HYV
adoption without having a direct effect on outcomes of interest. For example, Rud
(2009) and Foster et al. (2008) show that, since HYV seeds are irrigation intensive,
a geological measure of aquifer thickness can explain their diffusion. Similarly, Even-
son and McKinsey (1999) have produced a set of correlations that link geography,
infrastructure and technology adoption in Green Revolution India. To identify which
geographical variables can predict my measure of HYV adoption, I run a regression
of HYV adoption on a set of dummies capturing the thickness of the aquifer (i.e.
groundwater availability) ranging from very low (i.e. no aquifers) to high (i.e. aquifer
thicker than 150 mts.); the relief of land surface (from low, i.e. flat, to high, i.e.
elevated) and the topsoil depth (from very low, i.e. less than 50 cms thick, to high,
i.e. greater than 300 cms thick). I control for time varying district characteristics
and for state and year fixed effects. Table 16a shows that the best predictors of
HYV adoption are the availability of groundwater (medium and high) and a flat land
surface, relative to the respective categories omitted in the regression, namely very
low groundwater availability and a very sloped terrain, respectively. There are no
systematic differences in adoption of HY'V seeds across different depths of topsoil.
As these characteristics are time invariant, in order to capture their time-varying
effect on the diffusion of the new seeds I interact them with year dummies to predict
HYV adoption in the first stage, as in Rud (2009). Column (1), Table 16b shows
the instrumental variables first stage. Each of these geographic characteritics has a
positive and increasing effect on HY'V adoption. All interaction terms are positive
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and significant. Year dummies capture the increase in HYV adoption that is not
explained by these characteristics. However, instruments look strong enough, since
the F-test of the first stage is 23.44. In particular, districts with the thickest aquifers
are those adopting more HY'V seeds, as suggested by the magnitude of the coefficients
on "Groundwater High".

The rest of Table 16b shows a set of reduced form regressions of the outcomes
of interest where the endogeneity of HYV adoption was a concern. I also include
outcomes that should not be affected by these geographic characteristics as a placebo
test. Column (3) shows that rural literacy among rural children aged between 5 and
14 has increased in districts with more groundwater available. Not a single of the
geographic characteristics seem to be associated with improvements in the literacy
levels for the same cohort in urban areas or for older cohorts in rural areas, as shown in
columns (3) and (4). That means that districts with greater groundwater availability
only predict better literacy outcomes for rural cohorts in educational age after the
start of the Green Revolution.

Columns (5) to (8) show results for female labour market outcomes. Across the
board, coefficients on year dummies suggest that women participation in the labour
market had been deteriorating over time (in absolute terms or relative to men’s).
However, this trend was less pronounced in districts with more groundwater avail-
ability or flatter terrain.

Table 17 presents the second stage regressions when adoption of HYV seeds is
instrumented using year-geographic characteristics interactions. Columns (1) to (3)
look at literacy, overall and by gender. Coeflicients are positive and significant and
magnitudes very similar to OLS regressions. This suggests that endogeneity was not
a major issue in the literacy regressions or that, if present, opposing biases were can-
celling out. Columns (4) to (7) show results for female labour outcomes and shows
that HY'V adoption has increase overall female participation in the labour market,
and in the agricultural sector in particular, both in absolute terms and relative to
males. Results are consistent with those found in OLS regressions in Table 9, even
though coefficients are greater in magnitude, suggesting that the effect of the agricul-
tural technology on female status suffered a negative bias. That could be explained
by an unobserved time-varying phenomenon that is positively correlated with HY'V
adoption and negatively correlated with female labour, or viceversa. Overall, IV re-
sults alleviate concerns that the direction of causality was from literacy and female
status to technology adoption.

5 Conclusions

The economic and social changes in rural areas associated with the introduction of
high yield seeds in mid-1960s in India—known as the Green Revolution—still generate
conflicting evidence and controversy. The overarching concern is that in the presence
of strong heterogeneous effects, only the more prosperous or the more educated farm-
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ers benefited from the introduction of a new technology and many remained excluded.
In particular, the prerequisites for successful adoption of the new technology, such as
mechanization, irrigation and fertilizers, seemed to be very restrictive for a country
with more than 70% rural population and high levels of poverty, landlessness and
illiteracy.

This paper shows that, despite the possibility of heterogeneous effects within dis-
tricts, the Green Revolution was associated with sizeable aggregate effects on rural
literacy at the district level. Even though pre-HYV means show that adoption was
more prevalent in districts with higher levels of rural literacy, the effects identified
capture changes over and above the average increase in rural literacy experienced
between census years. A district at the mean of the distribution of HY'V intensity ex-
perienced an extra increase in rural literacy of around 1 percentage point in 1971 and
more than 2 percentage points in 1981 with respect to pre-Green Revolution levels.
Some identification concerns regarding the link between literacy and HYV adoption
are alleviated by the lack of evidence that cohorts whose educational decisions should
not have been affected by the level of HYV intensity experienced the same changes
in literacy. I find no evidence of pre-Green Revolution trends in rural areas (as cap-
tured by older rural cohorts) or simultaneous district wide changes (as captured by
the cohort of young urban individuals). Additionally, the identifying assumption—i.e.
that these changes would not have happened by other means in the absence of the
Green Revolution—is robust to the inclusion of time-varying district characteristics,
state investment in primary schools and time trends.

The concerns that the female population might have been left out of the benefits
of technological change are not supported by the data in terms of literacy rates and
labour participation, on aggregate. Even though there is evidence that the average
number of rural women excluded from labour markets increased after the Green
Revolution, I find that this phenomenon was less prevalent, the greater the intensity
in HYV. Similarly, the gender gap in rural literacy rates and the survival rates of
girls increased over time since the introduction of HY'V seeds, but the gap widened
less in districts that adopted more HY'V seeds. Without dismissing the possibility of
heterogeneous effects among rural women, the aggregate data presents a picture that
reconciles the conflicting anthropological evidence around the status of women after
the start of the Green Revolution.

In many cases, the provision of infrastructure such as schools and teachers may
be the leading constraint to education and its provision could spur increases in ed-
ucational levels (see Duflo (2001), for example). But in other cases, low education
may be the natural consequence of economic activities with low returns to education,
such as traditional farming. The improvement in literacy for men and women and
the reduction of the gender gap associated with the adoption of a new agricultural
technology in rural areas, in particular when a relative female-intensive crop is used,
suggest that improvements in human capital can be obtained in rural areas, if the
returns to education increase through technological change.
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Appendix A: Data

The census data for years 1961-1981 comes from the Indian District Database
prepared by R.Vanneman and D.Barnes (2000), Indian District Data, 1961-1991:
data file and codebook, College Park, Maryland: Center on Population, Gender, and
Social Inequality, available at www.inform.umd.edu/~districts/index.html. T merged
the data with the India Agriculture and Climate Data set, prepared by Apurva Sanghi,
K.S. Kavi Kumar and James W. McKinsey, Jr. for the World Bank (available at
chd.ucla.edu/dev__data/datafiles/india_agric_climate.htm), accounting for changes
in districts’ boundaries that left me with 254 districts in 13 states (Andhra Pradesh,
Bihar, Gujarat, Haryana, Karnataka, Maharashtra, Madhya Pradesh, Orissa, Punjab,
Rajasthan, Tamil Nadu, Uttar Pradesh and West Bengal).

"HYV adoption" is the proportion of area cropped with HYV seeds and "HYV
intensity" in the difference in difference tables is a dummy equal to 1 for all districts
with HYV adoption above the median in a particular year. "Area Cropped with..."
refers to the land cropped with the described seed as a proportion of total cropped
area. "Rural literacy" for all age groups, gender and location is the proportion of
literate people within that group. "Female population" and "Rural population" are
the proportion of women and individuals living in rural areas in total population,
respectively."Ratio Boys - Girls" is the number of boys over the number of girls in a
given cohort and location. "Rural workers in manufactures" is the proportion of main
workers in rural areas working in the manufacturing sector, and "Log Roads" is the
log of roads per square kilometre. "Rural migration" is the proportion of population
in a district that has come to rural areas from other districts. "Scheduled Caste" and
"Scheduled Tribe" are the proportion of population that belongs to either group. I
also include "Primary schools", which is the log of primary schools per capita at the
state level, and I alternate it with the log of number of primary school teachers per
capita at the state level and the log of state expenditure on primary schools per capita.
Finally, "Rural women not workers" is the proportion of women that are not employed
in any main or marginal activity. "Rural women in agriculture" is the number of
women working in the agricultural sector taken either as a proportion of rural female,
of rural female workers or as a ratio of the number of men working in agriculture.
Geographic characteristics are all dummies: "Groundwater" is a geological measure
of watertable thickness, divided in a set of 4 mutually exclusive dummies. It can be
"very low", eaul to 1 if the district has no thick aquifers; "low", if the thickest aquifer
is less than a 100 mts thick; "medium" if between 100 and 150 mts thick or "high" if
greater than 150 mts. Similarly, "Slope" is characterised by 3 dummies, according to
the relief of the terrain, ranging from very flat to highly sloped terrain (other details
not provided in the original dataset). "Topsoil" refers to the depth of the upper layer
of soil and is divided in 4 mutually exclusive dummies. It starts from "very low"
(equal to 1 if topsoil less than 50 cms thick), then "low" (if between 50 and 100 cms),
"medium" (between a 100 and 300 cms) and "high" (more than 300 cms).
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Table 4: Literacy and HYV Adoption (OLS)

(1) (2) (3) (4) (5) (6)
Panel[A:[HY V[Adoption[and[Year Effects

Rural(Literacy

[AgedBfol14 [Aged[15[f024 [Aged5f024

HYVAdoption 0.121 0.093 0.069 0.063 0.105 0.084
(0.020)%%%  (0.026)%**  (0.026)**  (0.024)%%*%  (0.028)%**  (0.025)***

1971 0.035 0.061 0.104 0.109 0.059 0.077
(0.004)5%  (0.013)%**  (0.005)°F  (0.013)F%  (0.004)°F%  (0.012)%**

1981 0.091 0.125 0.144 0.149 0.110 0.134
(0.009%  (0.025)%**  (0.008)F*  (0.025)F%  (0.008)F*  (0.024)F**

District[Fixed [Effects Yes Yes Yes Yes Yes Yes
District[Controls No Yes No Yes No Yes
Observations 762 762 762 762 762 762
Rsquared 0.95 0.96 0.96 0.97 0.96 0.97

PanelB:[Controls

FemalePopulation{%) 1.49 1.52 1.56
(0.55)%** (0.54)%** (0.52)***

[IRural Population (%) [0.02 [0.03 [0.02

(0.12) (0.12) (0.12)

Log Population 0.17 0.15 0.16
(0.06)*** (0.06)*** (0.06)***

RuralGvorkers(in 1.76 1.63 1.75
Manufacturing (%) (0.25) % (0.23) %+ (0.23) %+

LogRoads 0.03 0.02 0.03
(0.006)*** (0.008)** (0.006)***

RobustStandardérrorsiinparentheses, [¢lustered at the district level. *[Significant[at [10%; ¥ *[Significant[at [5%; ¥ **[Significant [at 1%.
"HYVlintensity" [isfhemet proportionoffarealéropped with[(HY'V [Seedslat[fhe districtlevel. ! Ruralliteracy" [is[the proportion [of
literatelpeoplelin(rurallareas!for different age/groups."Female Population" (and ["Rural Population" [are[theproportion of wwomen and
individuals(living(in[rturallareas(in fotal (population, tespectively.[!Rural[(Workers/in[Manufacturing" [is[the proportion of mainworkers
in[furallareasworking(intheianufacturing(sectorand [ Log[Roads" [is[thelog of foads[per[square kilometre.
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Table 15 : Sex Ratio and HY'V Adoption

1) (2) (3) “4)
Ratio[Boys/Girls
Aged(0[tol4 Agedl0ltol4 [Aged(20[to(24
Rural Rural Urban Rural
[0.020 0.020 0.036
HYVIAdopti
opHon (0.011)* (0.022) (0.024)
HYV*1971 0.004
(0.017)
HY V#1981 0.025
(0.013)*
1971 0.020 0.019 0.016 0.033
(0.007)**%  (0.007)** (0.013) (0.012)%%x
1081 0.026 0.028 [0.003 0.067
(0.013)%*  (0.014)** (0.024) (0.026) %+
District[Fixed Effects Yes Yes Yes Yes
District[Controls Yes Yes Yes Yes
Observations 762 762 762 762
R[sSquared 0.74 0.74 0.48 0.86

Robust[standard [érrorsiinparentheses, (¢lusteredat theldistrict level. * [significant &t [10%; **[Significant at[5%;
¥ gignificantat[1%.[THY V" [is[the met[proportion oflarealéropped with HY Viseeds(at [fhe district Tevel.["Ratio
Boys(Girls" lis[the mumber(of(boys divided by the mumberof(girls for different age[groups and fural /urban.
District[¢ontrolslare FemalePopulation, Rural(Population, Rural[Workers[in(Manufacturingland Log[Roads.
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