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I ntroduction
Conventional wisdom suggests that hunger and malnutrition should be eliminated by economic
growth. There is enough evidence on the positive relationship between income growth poverty
reduction and consumption expenditure (Deaton and Dreze 2002; Patnaik 2010; Smith 2013).
However, India has been presenting a paradoxical trend since 1970s; a decline in per capita calorie
consumption even when economy was growing and per capita real incomes were increasing. For
instance, although with fluctuations, India’s annual GDP growth increased from 5.5% in 1990 to
10.3% in 2010 and poverty declined from 45.3% in 1993 to 29.8% in 2009, suggesting a period of
robust economy growth and poverty reduction. Paradoxically, per capita calorie consumption
declined 5.2 % percent from 2146 in 1993 to 2034 in 2004-5 and a further decline of 1.17% to
2010 in 2009-10. This unexpected decline of per capita calorie consumption is often referred to as
“calorie consumption puzzle” in India. However, examination of datafrom the household consumer
expenditure surveys (HCES) conducted by the National Statistical Survey Office (NSSO) in 2011-
12, shows afour percent increase in per capita calorie consumption to 2088 in 2011-12. Thisisthe
first time since 1970s per capita calorie consumption intake increases in India. This first time
reversal raises questions such as, what are the drivers of this increase in per capita calorie

consumption intake? and whether thisincrease in trend will endure in the future?

In the avail able literature focusing on the cal orie consumption puzzlein India, considerable attention
has been given to explain the consumption puzzle and identify the factors responsible for the puzzle
(Rao 2000; Palmer-Jones 2005; Deaton and Dreze 2009; Basu and Basole 2012). Basu and Basole
(2012) categorized the body of research on consumption puzzle into two broad strands: coercive
factors and non-coercive factors. Supporters of theory of coercive factors argue that general rurd
impoverishment is the cause of the puzzle while supporters of theory of non-coercive factors
attribute it to factors such as food budget squeeze, declining subsistence consumption, and
diversification of diets, urbanization, changes in occupational structures, declining energy
requirements, and improvements in epidemiological environment. There is another strand of
explanation which argues that calorie intake in India is not low or declining as reported in the

literature, but it isthe result of poor data collection and reporting (Smith 2013).



In contrast, much less is known about the role of agriculture, which provides livelihood for about
55% of India’s total work force, in causing the puzzle or in the reversal of the puzzle. Since 2004-
05, Indiahas witnessed unprecedental growth in agriculture, including livestock. To our knowledge,
no previous studies has looked at the micro-and macro level effects of this improved agricultural
growth on food security and nutrition. In this study, our objectives are three fold. First, identify the
factors responsible for the calorie consumption puzzle in India. Second, examine the role of
agriculture, if any, in solving the calorie consumption puzzlein rural areas. Third, examine whether
the reported increase in calorieintake is due to the improvements in data collection implemented for
the 2011-12 HCES survey.

We hypothesize that improvements in agricultural sector since 2004-05 resulted in improved
agricultural household incomein rural areas and contributed to improvementsin calorie intake. Our
second hypothesis is that improvements in data collection for the 2011-12 HCES survey have a
positive effect on the increasein calorieintake. We will use HCES data for the rural sector for years
2004-05 and 2011-12 and data from the Situation Assessment Survey of Agriculture 2013, for our
analysis. HCES surveys collect household level data on variables such as demography, consumption
expenditure and quantity for both food and non-food items, diet diversity, and economic status.
NSSO conducts the Situation Assessment Survey of agriculture and collects detailed information on
agricultural production and different income sources in the rural sector.

We find supporting evidence for our hypotheses. Findings from our study generate discussions on
the following fronts. First, the fact that after four decades of declining trend thereisareversal in per
capita calorie intake, in itself is atopic for discussion. Second, to our knowledge, oursis the first
study to empirically examine the trend reversal in per capita calorie intake in India and to examine
the role of agriculture if any in this significant achievement. Our study brings agriculture to the
forefront of debate on calorie consumption puzzle in India. Third, policy implications of the study
will be another topic for discussion. Finaly, there can be discussion about the data and methodol ogy
and the potential for improvement. All these discussions will contribute to the better understanding
of linkages between agriculture and nutrition and its role in food security and improved nutrition,
while emphasizing the need for a thorough, well designed, and integrated data collection process to
have a more compl ete data set for future studies in the field.



This paper is organized as follows. In the next section, we present the background for our study.
Then we present the household level survey data and carry out a descriptive analysis to understand
the changes in consumption patterns between 2004-05 and 2011-12, before using a set of regression
models to test the hypothesis more formally. We use instrumental variable approaches to take into

account endogeneity issues. The last section concludes and discusses policy implications.

2. Background

Calorie consumption debate: Since the economic liberalization in 1990s, national income per
capitain India has increased substantially (Drez and Sen 2011). The per capitaincomein red
terms (at 2011 -12 prices) during 2014-15 was 5.9 % higher than that during 2013-14. This
economic transition has been accompanied by urbanization, changes in food consumption pattern,
and epidemiological transitions, all of which have implications on calorie intake (Smith 2013). Ina
critical review of calorie debate in India, Smith (2013) summarizes the explanations of the puzzle
so far: declining calorie requirement (Deaton and Dreze 2009), increasing food prices over time
(Gaihaet a 2009), food budget squeeze (Basu and Basole 2012), incorrect measurement of
poverty levelsin Indiawhere money-metric poverty lineis delinked from calorie requirements
(Deaton and Dreze 2009, Patnaik 2010), cultural density which acts against adoption of high
calorie western style foods (Landy 2010); and consumers deliberate choices where they prefer
luxurious consumption over food consumption (Banerjee and Duflo 2011). Smith 2013 shows that
although some may serve as partial explanations, available empirical evidence does not support the
above explanations fully.

Most of the empirical research focusing on Indian calorie consumption debate uses nationally
representative HCES data (Basu and Basole, Deaton and Dereze 2009, Smith 2013). Studies using
food consumption data available from aternate sources such as National Nutrition Monitoring
Bureau (NNMB) also show adeclining trend in calorie intake and an increasing trend in
undernourishment up until 2011-12 (Figure 1). Smith 2013 questions the validity of the
assumption that the data from which calorie consumption intake and undernourishment estimates
are derived are collected incorrectly. Using propensity score matching techniques, Smith 2013
shows that the declining trend in calorie consumption is at least partially aresult of incomplete
collection of data on food consumed away from home (an issue we will return later in the chapter).
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However, Smith 2013 did not use data from 2011-12 HCES survey, but used data from previous

surveys.

It is clear from the review of calorie consumption debate above that role of agriculture (direct and
indirect effects) has not given any attention so far. However, there is a push from the central
government and non-profit organizations to leverage the agriculture-nutrition linkage to address
the undernourishment issuesin India. Our study fills this gap by examining whether changesin the
agricultural sector happened during the last decade can explain the reversal of the declining trend

in calorie consumption in India.

Figure 1:Trends in calorie intake and undernoursihment in 100
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Source: Compiled by authors using various rounds of NSSO’s HCES data.

Note: The mean calorie intake was compared with the minimum required calorie level for a healthy and active life to assess the
adequacy of nutritional intake. Indian Council of Medical Research (ICMR) uses calorie norms of 2400 kcal for rural areas and
2100 kcal for urban areas, while Food and Agriculture Organization (FAO) uses a common minimum required calorie norm of
1800 Kcal per person per day.

Indian agriculture sector since 2004-05

Examination of the decadal growth trajectory of agricultural GDP in India during 1971-72 to
2012-13 shows two points of structural breaks: first in 1996-97, shortly after the economic
liberalization in 1991, which brought down the growth trgjectory and second, in 2005-06. Thus,
these two years of structural breaks divide the agricultural performance in the last two decades into
two phases: phase | from 1995-06 to 2005-06 representing a period of slowdown in agriculture,
and, phase Il beginning with year 2005-06 representing a period of recovery and acceleration



(Chand and Parappurathu 2012; Chand 2014). The period of recovery and acceleration is further
evident by the fact that during the last decade, GDP of agriculture did not witness asingle year
with negative growth in output. Further the growth in agricultural sector during the last decade was
very broad based: the annual rates of growth for crop, fruits and vegetables, and livestock were
3.3%, 5.3%, and 4.8%, respectively (Chand 2014). The National Food Security Mission (NFSM)
launched in 2007, which focused on improving production of cereals and pulses might have
contributed to the impressive performance of food grains and pulses during the last decade.? If
increased production results in decreased farm prices, then the net effect of increased production
and productivity on net farm income is conditional upon various factors including domestic and
international demand and supply factors, government policy etc. It isimportant to note that during
the last decade, agricultural prices relative to non-agricultural prices have risen by about 30%
(Chand 2014).

Although, these national level figures of agricultural performance are very impressive, thereislot
of variation in the agricultural growth rates at state levels, from -1.15% in Keralato 5.91% in
Chattisgarh (Chand 2014). Overall states with better irrigation infrastructure, good soil, marketing
and credit infrastructure perform better. Concerned with the relatively poor performance of
agriculture in eastern region of India, the central government launched a new initiative called
“Bringing Green Revolution to Eastern India (BGREI)” in 2010-11 in seven states of Eastern India
namely; Assam, Bihar, Chhattisgarh, Jharkhand, Eastern Uttar Pradesh, Orissaand West Bengal.
Other social welfare programsin India

The public distribution system (PDS) which is designed to sell rice, wheat, sugar, and kerosene

at highly subsidized prices to poor household systems in India has undergone substantial

changes since 2004-05. Although, still deeply flawed, performance of PDS improved in many
states resulting in less leakage and better access to poor households with positive implications

on calorie consumption (Himanshu and Sen, 2013). The National Food Security Act (NFSA)
enacted in 2013 would increase the monthly entitlement of food grainsto 5 kilograms (kg) per
person for “priority” households and 35 kg per household for Antyodaya Anna'Y ojana (AAY)
households, which are the poorest of the poor households. It would expand the fraction of

eligible households to include up to 75 percent of the rural population and 50 percent of the

2 The growth rate in food grains sector increased from 0.71 percent during 1994-95 to 2003-04 to 2.66 percent during
2003-04 to 2012-13. The pulse sector also withessed an impressive growth from -0.64 during 1994-95 to 2003-04 to
3.31 percent during 2003-04 to 2012-13.



urban population. Since our study focuses on the period prior to NFSA, it will not be
accountable for the upward trend in calorie intake.

The Mahatma Gandhi National Rural Employment Act (MGNAREGA 2005) implemented in
India under the “Right to Work” campaign aims to enhance the livelihood security of poor
peoplelivingin rural areas by guaranteeing hundred days of work if they are willing to
volunteer. Although, MGNAREGA might have positive implications on calorie consumption

and food security in rura areas, examination of the sameis beyond the scope of this study.

Data and Sample Char acteristics
We use data from Household Consumption Expenditure (HCES) surveys conducted by National
Sample Survey Office (NSSO), the 68th Round of 2011-12 and 61% Round of 200-05 to analyze
the changes in food consumption pattern between 2004 and 2011 and to identify the drivers of
trend reversal of calorieintake. Although, HCES covers both rural and urban sectors, our study
focuses only on rural sector. We also use data from Situation Assessment Survey of Agriculture of
2013 conducted by NSSO to examine the role of agricultureif any in the upward trend reversal of
calorie intake. Although, Situation Assessment Survey of Agriculture was conducted in 2013,
most of the information refers to the 2012-13 crop year making it compatible with the 2011-12
and HCES data. The NSSO surveys cover al the states and union territories for the HCES rounds
and covers al the mgjor agricultura producing states for the Situation Assessment Survey. NSSO
adopts a rigorous sampling framework for the data collection.
HCES Data
The main focus of HCES is to collect household level consumption levels and expenditures. The
consumption datais at the household level not at individual level within a household. The 2011-12
survey divided the sample households into two groups and followed two different schedules. In
schedule Type 1, for food items, it had a 30 day recall period for consumption of al food items. In
schedule Type 2, afew food items had a 30 day reference period and the rest had a 7 day reference
(recall) period. Schedule Type 1 is done to maintain continuity with past series. The datafor this
analysisis based on the 30 days recall period for both food and non-food expenditures. Thus our
data follows a Uniform Reference Period (URP) of 30 days and follows Schedule Type 1. This 30
day recall period raises the possibilities of reporting errors and biases. When it comes to food
consumption, data on meals consumed at home, meals purchased and consumed outside of home,



free meals consumed including mid -day school meal program are collected. For the home cooked
meals detailed item-wise datais collected (kg/month). For example (rice, wheat, barley, cabbage,
tomato (vegetables), mango, orange (fruits), milk, egg, fish, meat, beverages etc). Comparison of
survey schedul es between 2004-05 and 2011-12 shows that 2011-12 survey included more food
items than that of 2004-05 and collected more details on variables such as meals consumed outside
home. As suggested in Smith 2013, whether these improvements in data collection contributed to
the trend reversal of calorie intake is a debatabl e topic and we address this issue in our study.

Nutrient conversion: For this analysis, the food quantities are converted into kilo calories (Kcal)
based on the Indian Council of Medicine Research (ICMR) report “Nutritive Values of Indian
Foods” by Gopalan et al (1991). The nutrient content of each item (calories, protein, and fat) in the
schedule per unit of quantity are given in the ICMR report. For items newly introduced in the 68"
Round, nutrient coefficients have been computed according to the procedures recommended by the
Sub Group of the Working Group for 68" Round formed specifically for this purpose.

Outliers: We have noticed that the published reports from NSSO use the data without removing
any outliersin the data. Outliersis an important issue, especially for key variables such as per
capita calorie consumption, with values ranging from 0-51,000. After looking at the scatter plot,
standard deviation etc, we have dropped the upper 0.5 percentile of values for per capitacalorie
consumption for rural observations. For the lower side it was hard to come up with any such cut
off, mainly because of the argument that there is extreme undernourishment in many parts of
India. Hence for the lower side, we have dropped observations with zero per capita calorie
consumption values. The total number of rural observations after removing the outliers are 78,064
for 2004-05 and 58,699 for 2011-12.

Situation Assessment Survey 2013

We use data from situation assessment survey at farm household level mainly to estimate income
from various occupation sources and to examine whether the source and level of income have any
effect on calorieintake. We are still in the process of extracting data from the 2005 Situation
Assessment Survey. Upon completion of extraction of the 2005 Situation Assessment Survey data

we will pool the data from the two rounds of survey for our econometric analysis.

Descriptive Analysis
Calorieand nutrition intake, expenditures, and calorie prices



Table 1 presents the weighted summary statistics, using HCES data, for calorie, protein, and fat
intake for 2004-05 and 2011-12. It is clear from Table 1 that al the nutrient indicators improved
between 2004 and 2011, with per capitafat consumption experiencing the most improvement (21%).
Figures 2-4 shows spatial pattern of this change using district level data. Per capita calorie
consumption levels are high in districts in the north-west region. Comparison of figure 2a and 2b
shows that most of the improvementsin per capita calorie consumption happened in the north-west
region and parts of south and central India. As reported in Deaton and Dreze 2009, patterns for
protein intake isvery similar to the pattern for calorie intake. (Figure 3aand 3b). However, fat intake
maps in 4a and 4b shows an overall improvement across the country except for east and north east

regions.

Figure 2a: Per capita calorie intake 2004 Figure 2b: Per capita calorie intake 2011
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Figure 3a: Per capita protein intake 2004  Figure 3b: Per capita protein intake 2012
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Tablel: Trendsin per capita calorie, protein, and fat intake in India, 2004-2011

Category 2004-05 2011-12 Percentage change
Per capita calorie consumption (Kcal/day/person) 2047 2099 2.55
Per capita protein consumption (gm/day/person) 55 57 3.63
Per capitafat consumption (gm/day/person) 34 41 20.59

Source: Authors

Cereals (mainly rice and wheat) is the main source of calorieintake in India. Asreported in
Deaton and Dreze (2009) calorie intake from cerealsis declining (Table 2), even after the

significant reforms in the PDS, which improved poor households’ access to PDS and offtake

from PDS (Table 3). Consumption of pulses, milk, and non-vegetarian (egg, fish, and meat) is

on the rise while consumption of vegetablesis declining with a slight increase in fruit

consumption (Table 2).

Table 2: Food group-wise consumption and calorieintakein India, 2004-2011

Category 2004-05 2011-12 Per centage
change
Cereals (Kg/person/month) 1211 11.23 -7.26672
Pul ses (Kg/person/month) 0.70 0.78 11.42857
Milk (Kg/person/month) 4.06 4.58 12.80788
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Non-vegetarian (egg, fish, meat) (Kg/person/month) 0.40 0.43 7.5

V egetabl es (K g/person/month) 5.16 4.55 -11.8217
Fruits (K g/person/month) 0.55 0.58 5.454545
Per capita calorie consumption from cereals 1381 1281 -7

(K cal/day/person)

Per capita calorie consumption from pulses 79 90 14

(K cal/day/person)

Per capita calorie consumption from milk and dairy 133 152 14
products (K cal/day/person)

Per capita calorie consumption from non-vegetarian 15 17 13

items (K cal/day/person)

Per capita calorie consumption from vegetables 84 83 -1

(K cal/day/person)

Per capita calorie consumption from fruits 15 15 0

(K cal/day/person)

Source: Authors

Table 3: Consumption of cerealsand calorieintake through PDS purchasein India,

2004-11
Category 2004 2011 Per centage
change
Wheat purchased through PDS (K g/capita) 0.31 0.76 145.1613
Proportion of wheat purchased through PDS 0.10 0.23 130
Rice purchased through PDS(K g/capita) 0.84 1.66 97.61905
Proportion of rice purchased through PDS 0.13 0.25 92.30769
Cdorieintake from PDS wheat (K cal/day/person) 34.82 86.35 147.9897
Calorie intake from PDS rice (K cal/day/person) 96.67 191.94 98.55177
Access to antoyadaya PDS card (%) 3 6 100
Access to below poverty line PDS card (%) 26 37 42.31
3.599359
Cadorie intake- with ration card(K cal/day/person) 2026.75 2099.7
3.89772
Cadorie intake without ration card 1944.47 2020.26

(K cal/day/person)
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6.263539

Cdorieintake for Antyodaya card holders 1897.33 2016.17
(K cal/day/person)
8.094162
Cdorieintake for BPL card 1899.27 2053.00
holders(K cal/day/person)

Source: Authors

Examination of the consumption expenditure data shows that consumption expenditure
increased by about 130% during 2004-5 to 2011-12, with most of the increase occurring for
non-food items such as education, conveyance, durable goods and medicine. It is to be noted
here that during 2004-05, expenditure on food items was higher than non-food expenditure by
about 20%. However, this trend got reversed during 2011-12 with non-food expenses
exceeding food expenses by about 5%. This supports the Engels theory of consumption that as
income increases proportion of income spent on food decreases relative to non-food items. We
estimated price paid per calorie by dividing the total food expenditure by the units of calories
consumed. We notice an upward trend in calorie prices suggesting that consumers are

switching from cheap cal orie sources to more expensive calorie sources.

Calorieintake and demography

Table 4 presents the calorie intake based on selected demographic attributes. It is clear from
Table 4 that although calorie intake is low and undernourishment rates are high for socialy
disadvantaged groups such as scheduled tribe (ST), Scheduled caste (SC), and other backward
classes (OBC), on average calorie intake improved across all the socia groups. Compared to
the differences in calorie intake and undernourishment level s between social groups, the
differences between religious groups are less striking with the exception of Sikh religion. Itis
to be noted here that diets of Sikh people are nutrient rich relative to the average Indian diet
and a significant number of Sikh peoplelive in therelatively well-off Punjab state. Among the
religious groups, only Christians experienced an increase in undernourishment between 2004-
05 and 2011-12, an issue that needs further research.
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Table 4: Calorieintake and under nourishment among social and religious groupsin
India, 2004-2011

Category 2004-05 2011-12
Cdorieintake Undernour Cdorieintake Undernouri % change
(Kcal/capita/d ishment (Kcal/capita/d shment (%) in
ay) (%) ay) undernour

ishment

ST 1855.149 82.43 1986.06 78.27 -5.05
(492.46) (470.43)

SC 1934.16 79.66 2052.73 72.71 -8.72
(503.50) (460.69)

OoBC 2026.27 73.92 2089.43 70.75 -4.29
(544.08) (492.88)

Other castes 2123.89 65.75 2174.69 61.64 -6.25
(568.85) (520.19)

Hindu 2019.42 73.55 2095.89 69.06 -6.10
(542.55) (491.75)

Muslim 1941.36 77.72 2027.35 70.23 -9.63
(516.31) (478.66)

Christian 1972.75 80.66 1974.41 83.49 3.50
(575.22) (483.29)

Sikh 2289.95 54.02 2388.86 49.61 -8.15
(609.89) (562.67)

Source: Authors

Another socio-economic/demographic information available from the HCES datais the
categorization of households based on their main occupation and income source. In the 2004-
05 survey households were categorized into five groups (self-employed in agriculture, self-

employed in non-agriculture, agricultural laborer, other 1aborer, and others) while in the 2011-
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12 survey there were six groups (self-employed in agriculture, self-employed in non-
agriculture, casual laborer in agriculture, casual laborer in non-agriculture, regular wage/salary
earning and others). Because of the differences in the categorization of household types, a
direct comparison between 2004-05 is not possible. It is clear from Table 5 that on average,
calorie intake is high and undernourishment is low for those self-employed in agriculture
(cultivators). Table 5 also shows that agriculture is the main source of livelihood for rural
peoplein India accounting for about 50% (combining self-employed in agriculture and casual
labor in agriculture categories) in 2004-05 and 36% in 2011-12. Table 5 suggests the
importance of agriculture in reducing undernourishment and suggests the potentia of a
positive association between agriculture and calorie intake.

Table5: Calorieintake and undernourishment by household typesin India, 2004-11

Category 2004-05 2011-12
% of rural Calorie Undernour % of rura Calorie Undernour
population intake ishment population intake ishment
(Kcal/capit (%) (Kcal/capit (%)
alday) alday)
Sdlf - 22.48 2001.48 76.82 25.66 2053.58 73.78
employed in (512.18) (504.82)
non-
agriculture
Agriculture 14.62 1839.76 85.60 821 1999.47 78.09
labor (470.07) (459.94)
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Other labor 10.91 1872.36 83.70 NA NA NA
(487.25)

Self - 35.21 2146.86 67.33 28.06 2162 65.00

employed in (561.35) (504.82)

agriculture

Regular NA NA NA 17.94 2139.39 73.78

wage/salary (515.16)

Casual labor NA NA NA 14.72 2003.72 75.83

in non- (61.20)

agriculture

Others 16.70 2103.70 67.44 5.40 2205.71 59.93
(598.49) (597.18)

Source: Authors

Linkage between calorieintake and agriculture

As mentioned earlier we also use data from Situation Assessment Survey of Agriculture 2013

to examine the relationship if any between improvements in agricultural sector and increasein

calorie intake. For thiswe plan to compare the data from the 2013 Situation Survey to the data
from the 2004 Situation Survey and combine these data at district levels with district level data

from the HCES survey. However, currently we have access only to the 2013 Situation Survey
data. Hence we use data from the 2013 Situation Survey to examine the spatial pattern of
distribution of rural income sources at state levels. Comparison of Figures 5ato 5e with
district level figures of nutrient intake (figures 2-4) suggests a positive association between

calorie intake and income from agricultural sources (crop and livestock), and echoes the data

presented in Table 5.
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Figures 5a-5b: Spatial distribution of income sourcesin India, 2013.
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M eals taken away from home

Number of meals taken away from home (including those available for free and those
purchased) remain more or less same for years 2004-05 and 2011-12 (29.83/month/household
in 2004 and 30.52 in 2011-12). However, examination of survey schedules for the respective
years show that 2011-12 survey collects additional information on meals taken away from
home. As reported in Smith (2013) thisindeed is an improvement over the previous surveys,
especially that of 2004-05. Because of this additional information in 2011-12, we were able to
account for calories from cooked meals purchased, cooked meals received free in work place,
cooked meals received as assistance, and cooked snacks purchased, resulting in an average of
98 K cal/day/person. On the contrary, even with the almost same number of meals taken away
from home, calories cal culated from cooked meals taken away from home in 200-04 is
substantially low (12.5K cal/day/person). Whether this improvement in data collection
contributes to the reversal of the declining trend is a debatabl e topic and one we try to address
in the study aswell.

Econometric model

It is evident from the descriptive analysis above that there is variation in calorie intake based
on contextual, household, socio-economic, and demographic characteristics. Further, it aso
suggests the following: there istemporal and spatial variation in calorie intake, there might be
a positive association between income from agricultural sources and calorie intake, and there
might be a positive association between improvements in data collection and the positive
changein calorie intake noticed in 2011-12. We use these results from the descriptive analysis
above to develop a conceptual framework that will explain the drivers of recently experienced
positive change in calorie intake and to identify the role of agricultural growth and better data
collection, if any, in this change.

We use the following conceptual framework for our analysis:

Per capita calorie intake (Kcal/capita/day)i= f(household characteristics, socio-economic
characteristics, demographic characteristics, contextual characteristics, better data collection)

We use the conceptual framework above to devel op the empirical model below:

log (PClit)=0+Blageir+B2educationir+B3hhsizei+p4children#i+B5landownedi+B6SGSCi+
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B7SGST+p8OBCi+p9religionhindui+ B10religionmuslim;+ B11reliogionchristiani+
B12HHtypeselfemplagrlii+B13HHtypeselfemplnon-agrli+
B14HHtypecasuallaboragrli+p152PD Scereal proportionir+ 316proportionnon-foodexpensei+
B17SIDdiversityir+ B18MPCE;+ 319 Calorieprice+B20regionnorthi+ B21regionnortheasti+
B22regioneasti+ 323regionwesti+ 324regionsouthi+ 325yeardummy2011;+
B26yeardummy2011* HHtypeselfemplagrlit+ f27yeardummy2011* HHtypeselfemplnon-
agrlit+ f28yeadummy2011;* HHtypecasual laboragrli-+ui+vit Q)

Where
PCI = Per capita calorie intake (K cal/capita/day) for personi in year t
age- Age of household head in years
education. Education level of household head
hhsize- household size
children# _Number of children in the household
landowned- Hectares of land owned
SGST- Socia group dummy for scheduled tribe (S(C)
SGSC- Socia group dummy for scheduled caste (SC)
OBC- Socia group dummy for other backward class (OBC)
Religionhindu- religion dummy for Hindu, equals 1 if Hindu, O otherwise
Religionmusdlim-religion dummy for Muslim, equals 1 if Muslim, O otherwise
Reliogionchristian-religion dummy for Christain, equals 1 if Christian, O otherwise
HHtypeselfemplagrI-household type dummy equals 1 if its main occupation is self employed
in agriculture (cultivator), O otherwise
HHtypeselfemplnon-agr|- household type dummy equals 1if its main occupation is self
employed in non- agriculture (business and service), O otherwise
HHtypecasuallabor agr |- household type dummy equals 1 if its main occupation is casua
labor in agriculture, O otherwise
PDScer ealproportion- proportion cereals purchased through PDS out of total cereal
consumption

Proportionnon-foodexpense- proportion of expenses spent on non-food items
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SIDdiversity- Simposns Index of Diet diversity calculated using proportion of income spent
on various food groups

MPCE: Monthly per capita consumption expenditure used as a proxy for total income and
well being

Calorieprice- Rs per 1,000 Calories/day/capita

Regionnorth- region dummy equals 1, if belongs to northern region, O otherwise
Regionnortheast-region dummy equals 1 if belongs to north east region, O otherwise
Regioneast-region dummy equals 1 if belongs to eastern region, 0 otherwise
Regionwest-region dummy equals 1 if belongs to western region, 0 otherwise
Regionsouth-region dummy equals 1 if belongs to southern region, O otherwise
yeardummy2011- year dummy equals 1 if year is 2011, Oif year is 2004
yeardummy2011* HHtypeselfemplagr |- interaction term between year dummy and
household type self-employed in agriculture

yeardummy2011* HHtypeselfemplnon-agr|- interaction term between year dummy and
household type self-employed in non-agriculture

yeadummy2011i* HHtypecasuallaboragr |- interaction term between year dummy and

household type casual labor in agriculture

HCES data does not collect any income data so we use monthly per capita consumption
expenditure (MPCE) as a proxy for income variable. However, MPCE isan endogenous
variable conditional on many other factors. To address the endogeneity issues associated with
this covariate, we employ instrumental variable regression using two state least squares
(2SLS). We use the following as instruments. dummy variables representing cooking fuel
source (LPG_cooking=1 if LPG isused for cooking, O otherwise), lighting fuel
source(Electricity_ligthing=1 if electricity is the source of lighting, O otherwise), two dummies
representing type of PDS ratio card possessed (PDS ration card_antoyadaya=1 if possess
antoyaday card, O otherwise; PDS rationcard BPL=1 if possess below poverty line card, O

otherwise), and monthly expenses on durable goods.



Y ear dummy variable is expected to capture the improvements in data collection happened for
meal s taken away from home for the 2011 HCES round and the improvements in agricultural
sector experienced between 2004-05 and 2011-12. A positive and significant coefficient on the
year dummy variable will support our hypothesis that improvements in data collection and
agricultural growth have positive effects on calorie intake. Household type dummies based on
main source of income are expected to capture the effects of income sources on calorie intake.
By interacting the household type dummies with year dummy we expect to capture the effect
of changes in income sources between 2004-05 and 2011-12 on calorie intake. A positive and
statistically significant coefficient on the interaction term between self-employed in agriculture
and year dummy will support our hypothesis that improvements in agricultural sector have
positive effect on calorie intake.

Although, the states covered under the surveys are same for the above two rounds of surveys,
the households are not same. Hence we do not have a panel data at household level. We
estimate the above model using data from HCES for years 2004-05 and 2011-12 separately,
and using pooled data for the above two years. Since our focusis on calorie consumptionin
rural areas, for the model estimation, we do not include six union territories which are highly
urbanized. We include data from rural areas from all other statesin India

Results and Discussion

Results of the instrumental variable regression are shown in Table 6. The four models
presented in Table 6 differ from each other by the following: Model 1 uses datafrom 200-05
HCES survey only, Model 2 uses datafrom 2011-12 HCES survey only, Model 3 and 4 uses
pooled data from 2004-05 and 2011-12 but differ in their inclusion of interaction terms. We
estimated Model 1 and 2 to examine whether there is any changes in the effects of household,
demographic, socio-economic, and contextual factors on calorie intake between 2004 and
2011. First we focus on results which are common across al the models and then we examine
the differences in results between the models.

Overdl, resultsin Table 6 show that age of household head, education level of the household
head, and land ownership have positive effect on calorie intake. This supports the conventional
wisdom that per capita calorie intake is high in households with higher land ownership and
better educated and experienced households. Size of the household has negative effect on per
capita calorie intake suggesting that as the number of people in a household increases per
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capitacalorie intake decreases. It is clear from Table 6 that as the proportion of calorie intake
from the cereals purchased through PDS increases, per capita calorie intake decreases. It is
assumed that poor people will have higher proportion of PDS purchase of cereals compared to
relatively well-off people. Echoing the resultsin Table 3, the negative and significant
coefficient might be capturing this effect.
As expected, per capita calorie intake for socially disadvantaged groupsislow and monthly
per capita consumption expenditure (a proxy for general well-being and income level) has
positive effect on per capita calorie intake. Asreported in Basu and Basole (2012), proportion
of expenses spent on non-food items have a negative effect on per capita calorie intake. We
also find anegative and significant effect of diet diversity on per capita calorie intake
suggesting that as consumers switch from cheap calorie sources to more diversified diet, their
calorie intake decreases.
As mentioned earlier, there are differences in results between the four models presented in
Table 6. For example, as shown in Table 4, Christians had lower per capita calorie intakein
2011, while there was no such negative and significant effect in 2004. We grouped, al the
minor religions (other than Hinduism, Islam, and Christianity) into a variable “other religion’. It
is interesting to note that while the coefficient on “other religion’ was positive and significant in
2004, no such effect is evident in 2011. However, using pooled data, the coefficient becomes
positive and significant in Models 3 and 4.
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Table 6: Estimation resultsfrom instrumental variableregression

Variable

Model 1
(2004)

Dependent variable =L og (per capita calorie intake)

Age (years)

Education (level)

Land owned (hectar es)

Household size

Number of children

Proportion of consumed cer eal

purchased through PDS

Muslim

Christian

Other religion

ST

SC

OBC

Self-employed agrl. household

Self-employed non-agrl. household

Casual laborer household

MPCE

Calorie price (Rs/1000 calories)

005***
(0.001)
0.083%**
(0.001)
0.010%**
(0.003)
-0.022%**
(0.001)
-0.011
(0.001)
-0.088***
(0.007)
-0.016
(0.009)
0.012
(0.011)
0.040% **
(0.009)
-0.060%**
(0.009)
-0.047%**
(0.005)
-0.016**
(0.007)
0.055% %
(0.005)
0.014***
(0.005)
-0.044%**
(0.005)
0.00001**
(5.49 e-06)
-9.741%**

Model 2
(2011)

0.003%**
(0.0001)
0.007%**
(0.001)
0.014%**
(0.001)
-0.036***
(0.001)
0.002
(0.001)
-0.026%**
(0.009)
-0.002
(0.009)
-0.048***
(0.010)
0.006
(0.012)
-0.040%**
(0.011)
-0.029***
(0.007)
-0.016***
(0.005)
0.024**8
(0.003)
0.003
(0.003)
-0.032***
(0.005)
2.676-06***
(7.86e-07)
3.761% %+

Model 3
(pooled)

0.004%**
(0.000)
0.012%**
(0.001)
0.014***
(0.003)
-0.026***
(0.001)
-0.007***
(0.001)
-0.068***
(0.007)
-0.012
(0.008)
-0.013
(0.009)
0.025%**
(0.008)
-0.055***
(0.007)
-0.051***
(0.004)
-0.018***
(0.005)

3.00e-06* **
(8.99e-07)
-0.676

Model 4
(pooled)

0.004**
(0.00008)
0.012+**
(0.0006)
0.013%**
90.002)
-0.026***
(0.001)
-0.004***
(0.001)
-0.083***
(0.007)
-0.006
(0.008)
-0.016**
(0.008)
0.054***
(0.008)
-0.074***
(0.008)
-0.052***
(0.004)
-0.029***
(0.005)

2.926-06+**
(8.59e-07)
-1.908
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Proportion of non-food expenses

Simpsons I ndex of diet diversity

North

Northeast

East

Central

South

Year dummy (=2011)

Y ear dummy* selfempl.agr|

Y ear dummy* casuallabor agr |

Y ear dummy* selfemplyednonagr|.

Y eardummy*north

Y ear dummy* nor theast

Y ear dummy* east

Y eardummy* central

Y eardummy* south

Constant

Number of observations
R2

(3.694)
-0.083***
(0.018)
-0.086**
(0.040)
0.107%**
(0.013)
0.003
(0.017)
0.023
(0.017)
-0.026**
(0.012)
-0.018
(0.016)

7.616%++
(0.028)
65597
0.22

(1.022)
-0.232%**
(0.018)
-0.10%**
(0.036)
0.082%**
(0.009)
-0.043%**
(0.016)
0.004
(0.010)
0.005
(0.012)
-0.049***
(0.015)

7.812+++
(0.030)
49658
0.18

(1.476)
-0.137%**
(0.014)
-0.071***
(0.027)
0.06%**
(0.009)
-0.012
(0.010)
0.018
(0.013)
-0.012
(0.009)
-0.034**
(0.014)
0.018*
(0.010)
0.013%**
(0.004)
-0.009**
(0.004)
0.001
(0.004)

7.663++8
(0.023)
11525
0.17

(1.497)
-0.123***
(0.015)
-0.094***
(0.028)

0.026**
(0.013)
0.013%*+
(0.004)
-0.016%**
(0.004)
-0.004
(0.004)
0.074%**
(0.010)
-0.046***
(0.016)
0.004
(0.011)
-0.005
(0.0120
-0.034**
(0.014)
7.697%++
(0.024)
11525
0.15
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Households categorized as self-employed in agriculture has a positive and effect on calorie
intake in 2004 & 2011 supporting our findingsin Table 5. On the contrary, households
categorized as causal laborers in agriculture have negative effect on calorie intake, while the
effect of households categorized as self-employed in non-agriculture vary between 2004 & 2011.
The negative and significant effect of casual labor households may be because of the fact that
they are the most vulnerable to food price fluctuations and inflations. The differencein the sign
and significance of the calorie price variable is quite interesting; negative and significant in
2004, positive and significant in 2011, while no such effect in Models 3 and 4. This may be
because as reported in Deaton and Dreze (2009), with the general improvements in economy,
people might be switching to calorie rich items.

Overal, the signs and significance levels of coefficients on regional dummy variable support
the Figures 2a and 2b. As expected, northern region has positive and significant effect on calorie
intake in both 2004 and 2011. For the other regions, as reflected in figures 2a and 2b, there are
significant differences between 2004 and 2011: northeast and south experienced a decline in
calorie intake, while the negative and significant effect of the coefficient on central region
dummy variable disappeared in 2011. The low level of calorie intake and its further declinein
south and northeast is puzzling, given that these are religiously highly diverse regions (with
significant presence of Muslims and Christians), implying a higher level of consumption of non-
vegetarian food. However, examination of Simpsons index of diet diversity show that south has
the highest level of diet diversity, and as shown earlier diet diversity has negative effect on
calorie intake. It has to be noted here that as shown in Figures 5ato 5¢, monthly income form
cultivation and livestock isrelatively low in South compared to other income sources.

As mentioned earlier, we included a year dummy variable to represent the improvements in data
collection happened in 20011-12 HCES survey over the 2004-05 survey and to represent the
improvements in agricultural sector occurred between 2004 and 2011. The positive and
significant coefficient on the year dummy variable supports our hypothesis that improvements
in data collection and improvements in agriculture have a positive effect on calorie intake. The
positive and significant coefficient on the interaction term between self-employed in agriculture
and year dummy variable in Models 3 and 4 a so support our hypothesis that improvementsin
agricultural sector contributed to increases in calorie intake for those engaged in agriculture. It
isinteresting to note that, on the contrary, the coefficient is negative and significant for
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interaction term between casual labor in agriculture and year dummy. In general, casual laborers
in agriculture are landless people or those who have insufficient income from their owned land
or other economic activities. For casual laborers wage rates are not only low but also vary from
place to place and between seasons. Because of thislow income level and high fluctuationsin
income levels, as mentioned earlier, they are highly vulnerable to food price shocks and
inflation trends. The differences in coefficients between those who own land and engagein
farming (self-employed in agriculture) and casual laborersin agriculture (in genera landless
people) suggest that the former benefited from overall economic growth in the economy, while
the latter was adversely affected. Asshownin Model 4 in Table 6, coefficients on the
interaction terms between year dummy and region dummies support our earlier finding that on
average calorie intake improved in north, while it declined in northeast and south, a fact
reflected in Figures 2-4.
Conclusions and Policy Implications
Results from our study show supporting evidence for structural changein calorie intakein
Indiasince 2011. However, thereis spatial variation in the changesin calorie intake, with
north experiencing positive changes, while northeast and south experiencing negative changes.
Even with the improvements in PDS system, socially disadvantaged groups still have low
calorie intake relative to the general population, a matter of concern for Indian policy makers.
Among the religious groups, Christians experienced a decline in calorie intake, a matter that
needs further attention. While these findings from our study suggest the need for targeted
interventions in south and northeast regions, and those targeting certain social and religious
groups, further research is needed to understand the specific reasons for the low and declining
calorie intake in these regions and for these groups.
Findings from our study show that calorie intake of those who own land and self-employed in
farming is high relative to casua laborers engaged in agriculture. This suggests that
government efforts to support the agricultural sector will have positive effects on food security
while most of those benefits will be skewed towards farmers who own land and cultivate it.
Thisimply the need for having interventions targeted at casual |aborersin agriculture, to

effectively address their food insecurity issues.
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Our study shows that, improvements in data collection, especially for meals taken away from
home and improvements in agricultural sector have positive effects on the reversal of the
declining trend of calorieintake in India. Findings from our study also imply the need for
further improvements in data collection, especialy given that the life styles and consumption
patterns, even in rura areas are changing drastically. As evident form our study, HCES data
does not have detailed information on income levels and sources, and hence, using HCES data
only to explain the calorie consumption puzzle is a chalenge. Although, Situation Assessment
Survey of Agriculture conducted by NSSO, collects detailed information on income sources,
the time lines and sampling strategies followed are different, leading to problemsin merging
household level datafrom the two surveys. Findings form our study also imply the need to
have an integrated survey that collects information on consumption, nutrition, agriculture, and
anthropometric data at household levels. Given that NSSO iswell equipped with resources to
conduct national level surveys, adding relevant and appropriate modules to the existing
surveys should not be amajor challenge.
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