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Abstract: India and China are two similar developing countries with huge populations, rapid
economic growth and limited natural resources, therefore facing the massive pressure of
ensuring food security. In this paper, we will discuss the food security situations in these two
countries by studying the historical changes of food supply-demand balance with the concept
of agricultural land requirements for food (LRF) from 1963-2009. LRF of a country is a
function of population, per capita consumption/diet, cropping yield and cropping intensity.
We have attempted to discuss and compare our results in a framework which links consumption
of different groups of food items to diet patterns; then, to the total land requirement for food
in a scenario when population is growing rapidly and diet diversification and urbanization
due to economic reform impose excessive pressure on food security of both countries. We
also elaborate on the role of technology dissemination and critically analyze the achievements
and drawbacks of government policies to ensure food self-sufficiency and food security of
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nations. Our results show that the total LRF increases approximately by 42% and 40%,
whereas per capita LRF decreases significantly by about 48% and 30% from 1963-2009, for
India and China, respectively. Furthermore, our studies reveal that population growth
dominates most of the increase in total LRF for India; whereas diet pattern change induced
by income growth drives the major increase in LRF for China. Therefore, sustainable
management of agricultural land resource is an urgent need both for India and China as there
will be demand for more food to meet the diet requirement for the entire population. We also
demonstrate the role of India and China in future global food security programs and the
challenges to implement the new land reform policies domestically.

Keywords: land required for food; food consumption; India; China; diet; population growth

1. Introduction

China and India are the two most populated countries in the world, ranked respectively first
(1.4 billion) and second (1.2 billion) ([1], 2012; Figure 1, left panel). However, the current rate of
population growth in India is about 1.4% per year, more than double that in China (0.5%) and it is
projected that India will surpass China by 2030 with a capacity of 1.53 billion and continue to increase
thereafter when China starts to decline. China, due to one child policy in the late 1970s, is able to control
its population growth. However, the rate of urbanization in China is much higher than that in India; for
example, in 2011, the urban population of India and China was 377.1 million (31.16% of total) and
690.79 million (49.2% of total), respectively, and for China it will reach 900 million in 2030 [2—4].
Urbanization influences food preferences because the average incomes of the urban population are
higher and rural populations demonstrate different food consumption patterns than their rural
counterparts [5—7]. Moreover, the urban people consume more affluent animal-based food products
compared to the rural population due to higher income, particularly in low-income countries [8—12].
This higher consumption of affluent food items exerts more pressure on the agricultural land demand of
the countries.

Along with population growth, both the countries exhibit high aggregate and per capita income
growth rates with substantial reduction in poverty and rapid globalization [13]. For China, rural economy
and agriculture is the backbone for its escalating growth and development [14—17]. In micro scale,
overall rural economy development affects the economy of the country as a whole [18]. Per capita
income gap between urban and rural population lies between 1.5-1.7 and 3-3.5 for India and China,
respectively [19]. Both for India and China, agriculture is the key component of the national economies,
which accounted for more than 54% and 60% of total national employment in 2011 [20,21] and
approximately 19% and 10% of GDP, respectively. In view of total agricultural production values, India
and China rank third and first highest in the world [22], respectively.
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Figure 1. Left panel indicates the temporal trend in agricultural land requirement for food
and Gini Index, whereas right panel denotes the temporal trend in population growth and
GDP for India (black) and China (blue).

There are a number of similarities between India and China in terms of socio-economic structures
and development scenarios, which justify the comparison between the two nations. Firstly, both for India
and China, the economies are highly planned in terms of future reform and growth. Secondly, the recent
trend of industrialization and diet diversification induce several inequalities and regional disparities in
per capita income, food habits and living standards, both for India and china [23]. Thirdly, the societies
of both the countries have strong differences in rural-urban development scenarios. Lastly, both India
and China are currently undergoing tremendous transformations due to reform and globalization, which
substantially affect income distribution and inequality [23]. Despite these similarities, the institutional
conditions, particularly the macroeconomic imbalances, unemployment and income inequality are very
different in both the countries. Poor economic and land reform policies affect the substantial redistribution
of assets among the people of India. On the other hand, for China the policies eliminated the landlordism
and resulted in greater equality of access to land and other assets among the small holder peasants [13].
Despite economic reforms in India around 1990, the macroeconomic balances remain substantial.

In the present manuscript, we have attempted to quantify and compare the differences in the historical
changes in land requirement for food due to economic reforms, population growth and diet diversification
in the light of government policies and initiatives. Section 2 describes the geographical and socio
economic background of the study area, i.e., India and China, Section 3 the data and the methodology
adopted to estimate the total LRF, and Section 4 discusses the results which include the trend in total
food, consumption, diet pattern changes, production, cropping yield, and total and per capita LRF. We
have also implemented a sensitivity analysis to quantify the individual impact of population, diet and
technology on the net national LRF of India and China. Section 5 elaborates on the government policies
for food security, food self-sufficiency, income support to the farmers and sustainable agriculture.
Finally, Section 6 concludes and summarizes the results with future projections.
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2. Study Area: India and China

The Indian peninsula comprises of varied landscape from extreme mountains (Himalayas) in the
North to vast oceans (Bay of Bengal, Indian Ocean, and Arabian Sea) in the South. It experiences two
types of monsoons, the summer (June—September) and the winter monsoon (October—November), which
strongly modulates the agricultural system, development and economy of the whole country. In the field
of agriculture, India ranks second worldwide in farming output. As a major developing nation in South
Asia, agriculture and allied sectors accounted for 19% of the GDP in 2011 [22]. The agricultural land
area corresponds to 57% of the total geographic landmass (328.73 MHa) of the country [23].

On the other hand, China experiences complex and diverse landscapes with a significant East Asian
monsoonal climate, which is strongly affected by several natural disasters like droughts, floods, cold
waves, uneven distribution of water resources, efc. China is the world’s largest producer of food as it
constitutes around 22% of the world’s population, but only 13% of the nation’s landmass is arable and
suitable for agriculture [21]. Agriculture accounted for 10% of the nation’s GDP in 2011 [22]. The rate
of urbanization in China has increased from 20% in 1979 to 49% in 2010, accounting for a growth rate
twice the world average in the same period [24]. On the other hand, the average per capita agricultural
land area has decreased from 0.14 ha in 1979 to 0.09 ha in 2009, which is far below the world average
of 0.22 ha capita [20]. Although several studies [25,26] estimate the per capita agricultural land demand
in regional and national scale, respectively, they do not provide a credible estimate on the amount of
agricultural land required to meet the food consumption and human nutritional demands in China [27].
Figure 1 (left panel), shows that from 1963-2009, the total arable land for India and China increased
from 106 Mha and 120 Mha in 1963 to 162 and 170 Mha [27] in 2009, respectively.

From the economic development scenario, both for India and China, per capita GDP adjusted for
purchasing power parity (PPP) in constant 2005 international dollars increases strikingly from 10008 in
1980 to 3000$ and 6000$ in 2011, respectively (Figure 1, right panel). Nevertheless, per capita GDP
only reflects the whole economic condition; it cannot reveal the entire complexity of the system. The
Gini Index is the measure of income inequality distribution [28,29] of a country. From 1950 to the
mid-1980s, the inequality decreased slowly from 0.37 to 0.29 for India, but since then it has tended to
diverge and reached 0.40 in 2011, the internationally recognized warning line of high inequality,
whereas, for China, until 2000 the trend increased to 0.4, and thereafter, it stabilized at higher levels
(Figure 1, left panel). Although India has made significant economic progress in the last few decades, it
still faces the challenge of overcoming social problems like poverty and malnutrition [30]. Based on the
World Bank database, the poverty head count ratio at 2$/day criteria, India has made little progress from
89% in 1978 to 69% in 2010, whereas, due to rural growth [19], the poverty level for China decreased
from 98% in 1981 to 27% in 2009 (Figure 2, right panel). From a food insecurity point of view, still 44%
of the children (below 5 years) suffer from malnutrition, but for China, this proportion is only 3% (Figure 2,
left panel). From a macro level point of view, per capita income among the females is much lower in
India than China, particularly in the rural areas. Additionally, poor nutritional status, low birth weight,
lack of professional health care and vaccination are the major key factors, where India scores meagerly
in comparison to China [31]. Therefore, India still needs to achieve excellence to secure sufficient food
supply for its entire population, which will eventually require more land for agriculture.
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Figure 2. Temporal trend in malnutrition by weight of children under 5 years (%, left panel)
and poverty head count ratio at 2$/day (%, right panel) for India (black) and China (blue).

3. Data and Methodology

In the present study, we use the data available on the Food and Agriculture Organization of the
United Nations (www.fao.org) data archival website from 1963-2009 including the FAOSTAT (Classic)
consumption, production, yield and area harvested data to assess the LRF in India and China, as listed
in Table S1. As mentioned before, the GDP and Gini index data (until 2005) are available from World
Bank (http://data.worldbank.org), India and China database. However, after 2005, for the Gini index of
India, we have to rely on CIA international world factbooks and Euromonitor International report.

In our study, we adopt the methodology described by [32], and worked out the changes in historical
land requirements for food in India and China from 1963-2009. Firstly, the individual processed food
items (e.g., sugar, rice milled equivalent, etc.) are converted to their primary crop equivalents (e.g.,
sugarcane, rice-paddy, efc.) and the processing or conversion losses are then adjusted in the LRF
calculation by means of the conversion factor. The LRF is separated into two parts, the vegetal origin
part (LRF\vegerar) and the animal origin part (LRFanimat). The LRFvegetal can be computed as follows,

consumption; X conversion factor;
LRFvegetal = Z - - ; ; (1)
i yield; X cropping intensity

where i stands for the individual crop items and LRFyegeral is the sum total land requirement for the entire
primary crop equivalents. In our analysis, we consider the cropping intensities, which are greater than
or equal to 1 [32]. In an actual sense, land is commonly fallowed and planted regularly with possible
variations and rotations of different crop items. Since the statistics on fallowed land are not readily
available and cannot be linked to the single crops, we consider the cropping intensity of the whole
country in one year instead. The yieldi is the crop yield for each crop item and the consumptioni is the
total consumption of individual food items by the entire population of the country in one year.
The conversion factori is used to connect the individual food items to their primary crop equivalents, i.e.,
100 g (351 kcal) of sugar is assumed to be equivalent to 1170 g (30 kcal) of sugarcane, and then the
conversion factor is 11.70. The caloric content of the individual food items and their primary crop
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equivalents are tabulated in Food Balance Sheet Handbook, FAO [33]. LRFanimal is the land required to
feed the livestock products and is calculated as,

Consumptionanimal(kcal) X LRFvegetal

LRFynimar = X f (2)

Consumptionvegetal(kcal)

where consumptionanimal(kcal) and consumptionvegeral(keal) are the total consumption of the animal origin
and vegetal origin food items in one year, respectively, and both are expressed in the calorie content
form. The multiplication factor f arrives in Equation (2), based on the assumption that one calorie of
animal origin food requires f times the amount of agricultural land required for an average calorie of
vegetal origin. For India and China, the value of f ranges from 1-3 and 24, respectively. For our
calculation, we have considered the overall mean value of 2 and 3 for India and China, respectively. This
rough assumption is based on a number of studies dealing with agricultural land demand for animal
origin food products [34]. Nevertheless, it is clear that an average animal calorie requires more
agricultural land than a vegetal calorie and the results will not diverge much from the present one [32].
The total land requirement of a country must include consumption of food items originated from
domestic source and also from international imports. Therefore, to take imports into account, we too
have calculated the share of imports on LRF using Equations (1) and (2) (replacing consumption with
imported quantity of respective food item) and finally added up the LRFdomestic and LRFimport to estimate
the total LRF.

In this study, based on Table A1 in [32], we consider the consumption data for about 72 primary food
items in 18 categories and further aggregate it into six groups: cereals (nine items), sugar and sugarcrops
(five items), vegetal oils and oilcrops (22 items), fruits and vegetables (14 items), other vegetal food
items (13 items) and animal products (nine items). Since our research is restricted to agricultural land,
we exclude the products originated from the aquatic sources. The food consumption data in FAOSTAT
include the net consumption of meat, offal, animal fats and milk, whereas the caloric content of cattle,
mutton, pig and poultry products are different from each other (Table S2). Therefore, while calculating
the LRFanimat, we consider the ratio of production as the ratio of consumption of the individual animal
products, otherwise assigning the same caloric value for the entire meat, offal, animal fats and milk
family may lead to an incorrect estimate of LRF.

The Food Balance Sheet consumption data are available both in national annual total (tonnes) and
daily per capita (kcal) consumption form (Table S1). The former is used to estimate the LRF and the
later to explain the average diet of the country.

4. Results and Discussions
4.1. Consumption, Production, Diet Pattern and Per Capita Income Changes in Transition Economy

In the present analysis, the food consumption data are used to estimate the average yearly
consumption of food of the entire population [35,36]. These values refer to the household supply of the
food items without accounting for the household level losses. The historical changes in total consumption
and daily per capita consumption are shown in Figures 3 and 4, respectively.
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Figure 3. Total consumption of food (1000 tonnes) for (a) India and (b) China.
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4.1.1. Consumption

The total food consumption of India (Figure 3a) increased from 175 million tonnes (MT) in 1963 to
500 MT in 2009 [37], whereas for China (Figure 3b) it increased from 210 MT in 1963 to 1000 MT in
2009. This increase in total consumption for both the countries can be attributed to the increase in
population in the recent decades. Although total consumption is increasing, daily per capita food
consumption for different groups of food items is variable. Figure 4a—d shows the daily per capita
consumption of cereals, animal products, sugarcane and sugarcrops and fruits and vegetables and other
vegetal food items, respectively, to explain the diet pattern changes in India and China.

4.1.2. Per Capita Consumption

Total food consumption only depicts total demand of food per annum, but daily per capita
consumption reflects consumer taste and diet. Food consumption trend in China and India have several
common characteristics over the last half century. Overall, the diet pattern has shifted away from
cereal based food products to other affluent food groups, due to rapid urbanization and economic
development [27,38—41]. Between 2000 and 2011, China experienced approximately fourfold increases
in gross national income based on purchasing power parity (i.e., real income) [42]. Since then, beef,
poultry, pork and total domestic meat demand increased by 13%, 19%, 19% and 7%, respectively [43].
While, in India, per capita income (based on purchasing power parity) has almost tripled in the same
period and food habits have shifted towards affluent animal products and fruits and vegetables [42].
Energy or protein intake has increased among the poor, while it dropped for the rich. On the other hand,
fat intake has risen for all income groups. The sources of energy and fat show some unique differences
that might explain some of the disease pattern differences [44—46]. As is depicted in Figure 4, China
consumes more animal products and vegetables in recent years, whereas Indians are dependent on dairy
products, particularly milk. Since 1982, daily per capita intake of fruits and vegetables is noteworthy in
China. On the other hand, the Chinese diet traditionally consumes less sugarcane as compared to India
by several tens of kcal/day. In the case of cereals, both for India and China, daily per capita intake
increased until the 1980s, and since then a declining trend can be noticed, which is perhaps related to the
changes in diet pattern related to economic development. The decline in cereal consumption is substituted
by the increased consumption of nutritional food products like fruits, vegetables and animal products [46].

The major differences in dietary patterns between China and India can best be illustrated by the
individual trend of milk, pig meat, bovine meat and poultry meat consumption in Figure 5b,d,f)h,
respectively. The major differences lie in the level of consumption of dairy based food products;
particularly milk, which is increasing in India, with a much higher rate than in China. In contrast, the
demand of nondairy animal based products available from meat is much higher in China than India.

The national level analysis may not reflect the entire complexity and heterogeneity of the system,
because there is a huge interstate and rural-urban difference in diet patterns. Based on a National Sample
Survey Organization (NSSO) survey report (1973-2005), in most of the states, the energy intake is
higher in urban regions than their rural counterparts. The energy intake is higher in Bihar, Chhattisgarh,
Haryana, Punjab, Uttar Pradesh, Rajasthan and Assam, whereas it is lower in Maharashtra, Tamil Nadu,
Karnataka, Gujarat and Madhya Pradesh (NSSO survey report, 1973-2005). In general, fat consumption
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is higher in urban areas and states like Gujarat, Haryana and Punjab (nutrition foundation of India report)
as compared to rural states like Orissa, Chhattisgarh and Assam. On the other hand, protein consumption
is low in Tamil Nadu, Karnataka, Kerala, Orissa and West Bengal, where rice is the major cereal
consumed and is higher in states like Punjab, Rajasthan and Haryana; this might be partly due to the fact
that wheat is the staple cereal in these states and partly due to higher intake of animal products with high
protein content in these states (nutrition foundation of India report).

— Production/Capita (India) — Consumption/Capita (India)
— Production/Capita (China) 10 —— Consumption/Capita (China)
o 1.5 (@) Rice
8 1.0 ik
|— 0. 5-‘-;_R=afu~c_<yu=;::»:«:.\;RA.U},JHMmM%;” B R  aa st
= 0.0
(d) Pig meat e
wawwv o

OO OO OO O OO OO OO OO0 OO Om OO0 0 0

o e oro-Or OO e

0.05

(f) Bovine meat

0.00

(h) Poultry meat MO )

aﬁ
O e e e e R e T e A e e 0 mﬁ?ﬁ?ﬁﬁmwﬁhﬁﬂﬂqmw
196519701975198019851990199520002005 I 196519701975198019851990 1995 2000 2005
Year Year

Figure S. Temporal trend in per capita production (left panel, Million tonnes) and per capita
consumption (right panel, Million tonnes) of (a) rice; (b) milk; (¢) wheat; (d) pig meat;
(e) maize; (f) bovine meat; (g) sugarcane and (h) poultry meat for India (India) and China (blue).

In China, the changes in rural diet patterns are very prominent in the eastern and the northeastern
provinces. They are more exposed to foreign food supply, which improves their consumption standards
and preferences, while, for western and central regions, the trend is much lower. In the urban areas, the
diet diversity index varies little in all four regions. Despite rapid development in the eastern provinces,
the modest changes in the diversity index are primarily due to the busy schedule in the daily life of the
urban city dwellers [38].

4.1.3. Per Capita Income

Per capita income distribution too has huge interstate difference in India, which drives the variability
in consumer tastes and diet patterns. In urban states like Gujarat, Maharashtra, Himachal Pradesh, Haryana,
and states in the northern plains (Punjab and Haryana), there are higher household incomes in comparison
with the hilly states like Himachal Pradesh and Jammu and Kashmir. The states in the central regions
like Bihar, Uttar Pradesh and Madhya Pradesh have low household incomes with the lowest in Orissa [37].
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Along with the rural-urban income gap, China too has strong inter-provincial income disparity. Based
on China statistical yearbook and Reuters, 2013 report, the annual per capita income in the coastal
provinces (Beijing, Tianjin, Shanghai, Jiangsu, Zhejiang, Fujian, Guangdong Shandong and Liaoning)
and the Western provinces (Henan, Guangxi, Shanxi, Sichuan, Ningxia, Yunnan, Qinghai, Xinjiang,
Guizhou, Gansu and Tibet), is 20%—-50% higher and lower than the national mean income level,
respectively. It is moderate in the central (Hunan, Jiangxi, Hubei, Hebei, Anhui and Shanxi) and
the north eastern region (Inner Mongolia, Jilin and Heilongjiang) with the lowest in Gansu, Tibet
and Guizhou [38].

4.1.4. Per Capita Production and Consumption of Individual Food Items

While looking at the per capita production aspect (Figure 5), traditionally China is the world’s largest
producer of rice and wheat and India ranks second, whereas, in maize and sugarcane production China
(India) ranks second (fourth) and third (second) in the world [47]. However, both for India and China,
the diets are centered on these three staple food grains. As both countries experienced widespread famine
and drought due to weak monsoon in their recent histories, the goal of attaining self-sufficiency and food
security in major food grains is a national political issue. Additionally, as agriculture plays a vital role
to these nations’ GDP, the respective governments pay extreme attention to the growth of these sectors.
Despite these similarities, both China and India have divergent histories, cultures, and resource
infrastructures, which influence the production systems in the two nations [17]. Unequal distribution of
agricultural land resources has significant disparity in the crop production systems of India and China.
Despite the fact that India produces some livestock products, the predominance of the vegetarian diet,
especially among the Hindu populations, results in animal husbandry focusing mostly on milk
production rather than meat. China has ranked high in per capita pork, beef and poultry meat production
and consumption (Figure 5), particularly since the early 1990s, whereas, in buffalo and cow milk
production, India is far ahead (Figure 5). This subsequently increases the production of maize as feed.

Based on Department of Agriculture and Cooperation report in India, there is a huge inter-state
variation in production of different crop items. West Bengal, Andhra Pradesh and Uttar Pradesh are the
leading producers of rice, whereas, Uttar Pradesh, Punjab and Haryana rank high in wheat production.
Rajasthan, Maharashtra and Karnataka are the leading producers of total coarse cereals and Madhya
Pradesh, Maharashtra and Gujarat ranks the highest in total oil seed production. Uttar Pradesh,
Maharashtra and Tamil Nadu are the largest producers of sugarcane.

China too has large regional variability in crop production. The southern and southeastern provinces
receive good monsoons and the lands are more fertile and favorable for agricultural production. In
contrast, the northwestern provinces (e.g., Inner Mongolia and Gansu) are hilly and mountainous and
the cold, dry conditions are adverse to agricultural development (China statistical Year book report). The
eastern part is the food bowl of China, whereas, the western landscape is mainly pastures. The southeastern
part, which includes Guangdong, Guangxi, Fujian, Zhejiang, Hunan, Hubei, Anhui, Sichuan, Guizhou
and Yunnan provinces are the major producer of rice, whereas, Shanxi, Henan, Hebei and Shandong
provinces are the largest producers of wheat, corn and millet. The extreme northeastern provinces like
Jilin and Heilongjiang are the largest contributors of soybeans (China Statistical Yearbook data).



Sustainability 2015, 7 5381

4.2. Total and Per Capita Land Requirement for Food in India and China

Unequal land resource distribution has great differences in the agricultural production of both the
countries. Only 13% of China’s land area is suitable for agricultural production, in contrast with
57%[20,21]. In 2009, India’s total agricultural land is around 170 Mha, while China much lagged behind
with 120 Mha only [37]. Figure 6a,b show the development of total LRF in India and China from
19632009, respectively. The net LRF of India increased approximately by 42% from 140 Mha in 1963
to 200 Mha in 2009 [37], but for China it increased by around 40% from 87 Mha in 1963 to 122 Mha in
2009. Looking at the contributions of different groups of food items, in particular for sugarcane, vegetal
oils and oilcrops, fruits and vegetables and animal products, the average LRF increased significantly for both
countries, whereas for cereals the average LRF decreased from 80 (47) Mha in 1963 to 72 (32.7) Mha
in 2009, respectively, for India (China). For China, the LRF remained almost constant at 80 Mha until
1980 and thereafter it increased significantly to 122 Mha in 2009. Interestingly, per capita agricultural
land requirement for food in India declined continuously from 1963-2009 (Figure 6¢). About 3100 m?
of land area was needed to satisfy the average diet per person in 1963, which was substantially reduced
approximately by 48% to 1600 m? in 2009 [37]. For China, the reduction is 30%; in the beginning, the
per capita LRF decreased from 1195 m? in 1963 to 750 m? in 1980 and thereafter it increased slightly to
900 m? in 2009 (Figure 6d). This increase in per capita LRF can be attributed to the income-induced diet
pattern change due to economic revolution around 1980 towards animal products and fruits and
vegetables that require more land to grow and thereby increase the per capita LRF. Looking at the
contribution of different food items, LRF per capita for cereals, animal products, sugarcane, vegetal oils
and oilcrops, fruits and vegetables and other vegetal food items has decreased by approximately 66%
(65%), 56% (32%), 55% (26%), 50% (23%), 45% (27%) and 47% (30%), respectively, for India (China).
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Figure 6. Temporal trend in (a) and (b) total Land Requirement for Food (LRF) (MHa/ year);
(¢) and (d) per capita LRF (m?/cap/year) and (e) and (f) impact of the individual drivers: yield,
cropping intensity, population and diet on total national LRF of India and China, respectively.
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Figure 7. Temporal trend in cropping yield (Hg/Ha) of (a) cereals; (b) sugar and sugarcrops;
(¢) vegetal oil and oilcrops and (d) fruits and vegetables for India (black) and China (blue).

By accounting for population growth, the total LRF has increased substantially in the last few
decades, whereas for the cereals the decline in LRF might be related to the implementation of improved
yield due to green revolution technology and changes in food demand. Moreover, consumption of higher
amounts of animal products, fruits, and vegetal oils is a crucial factor for LRF to increase and was
induced by dietary changes around 1980. Although both countries have improved productivity and
become self-sufficient largely due to widespread implementation of green revolution technology, China
overcame the deficit through higher average crop yield. Average yields of rice and wheat in China are
double and more than 50% the level in India, respectively [48]. This higher productivity is the result of
several factors. First, China has almost twice as many agricultural laborers as India [20]; second, Chinese
agriculture is characterized by more intensive input usage. The average fertilizer consumption exceeded
400 kg and 150 kg per ha in China and India, respectively [20,21]. Lastly, China has been able to achieve
more consistent crop yields through high yielding varieties of seeds and large investments for greater
access to irrigation. In 2009, nearly 60% of China’s agricultural land was irrigated, whereas only 42%
for India. Indian farmers are much more likely to rely on monsoon rains, leading to more variable crop
yields and a higher probability of crop failure due to erratic rainfall in any given year [21]. Although
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Figure 7a—d shows that the cropping yields of cereals, sugar and sugarcrops, vegetal oils and oilcrops
and fruits and vegetables, respectively, for both the countries have increased significantly from
1963-2009, the above mentioned factors, however, have accelerated the cropping yield to a greater
extent (~2—3 times) for China.

Another factor which effectively counters the agricultural land demand is cropping intensity, i.e., the
ratio of the total harvested area to the agricultural land and permanent crops [49]. The net sown area of
India has increased by nearly 20% since 1947 [50] and reached a point where it is not possible to make
any appreciable increase. Cropping intensity physically refers to the raising of a number of harvests from
the same area during one agriculture year. Thus, higher cropping intensity means that a higher proportion
of the net area has been cropped more than once. This also implies higher productivity per unit
agricultural land during one agricultural year.

Actually, in India there are two cropping seasons, the Kharif season (from June to October), tuned
with southwest monsoon, and Rabi season (November-April) which usually requires irrigation. On the
other hand, multiple cropping—a rotation of two or more crops per year in a unit cropland area—is also
an important component of Chinese farming practices, particularly in southern China where intensive
cropping (double- and/or triple-cropping) has been widely deployed [51,52]. Over the past several
decades, multiple cropping has played a very important role in ensuring the food security of China [52].
Nevertheless, agricultural intensification has increased the pressure on water resources, ecosystems and
biodiversity because of increased water withdrawals for irrigation, higher energy inputs for mechanization
and increased use of chemical fertilizers [53].

The above measures stemming from the “Green Revolution”, and agricultural policies boosted the
output by improving the yield rather than through increases in cultivated area. However, recent
productivity growth has slowed down in both countries as the profits from the new technology and
advanced farming practices in some sectors become outdated. Moreover, excessive use of chemical
fertilizers degrades the quality of soils and shrinks groundwater supplies [54,55]. The problem is more
acute in India, where the recent funding for agricultural research, irrigation, and other rural infrastructure
projects depends more on public investment that would support agricultural sustainability in the
long run [56]. We will make further comparisons of government policies and their impact on agriculture
in Section 5.

4.3. Individual Impact of Yield, Population, Cropping Intensity and Diet on LRF

In the previous section, the cumulative impacts of population, cropping intensity, diet change and
cropping yields on LRF are presented. Implementing a sensitivity analysis, based on [32], it is possible
to analyze and quantify the impact of the individual drivers on total LRF, by keeping certain input factors
as constant. Doing this, an assessment of increased yields, changing cropping intensity, population
growth and the dietary changes on total LRF can be made and is shown in Figure 6e,f. To visualize the
impacts, firstly, we introduce the time variation of cropping yield only, assuming constant population,
cropping intensity and diet (daily per capita consumption) at 1963 levels. The LRF reduces by 46%
(67%) from 140 (83) Mha in 1963 to 76 (27) Mha in 2009, for India (China) due to the impact of yield
only. Therefore, the cropping yield has a positive impact on the net LRF of the country. Consequently,
we add the contribution of cropping intensity (>1) along with yield, keeping the other two factors
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constant. This further reduces the LRF to 49% (66%) from 140 (83) Mha in 1963 to 72 (28) Mha in
2009, for India (China). As mentioned before, the cropping intensity is the ratio of the total harvested
area to the agricultural land and permanent crops [49]. The net sown area of India (China) increases only
by 14% (6%) since 1963 (Figure 1) and reaches a point where it is not possible to make any
appreciable increase. Furthermore, due to higher cropping intensity the productivity in per unit
agricultural land has increased during one agricultural year. Thus, to some extent India and China needs
to rely on the cropping intensity to enhance the production and decrease the LRF by increasing the
effective area of cropping.

Next, we again introduce the actual population growth, still keeping constant 1963 diet, which
eventually increases the LRF of India by 35% from 140 Mha in 1963 to 190 Mha in 2009 (a net
increase by 84% (—49% to +35%)), whereas for China it still less than 1963 LRF by 39% (from 83 Mha
to 50 Mha). Finally, the average change in diet is added to estimate the total national LRF in India
and China, which accounts for an increase of 42% (40%, a net increase of 44% + 39% = 83%) from
140 (83) Mha in 1963 to 200 (120) Mha in 2009 for India (China).

From this experiment (Figure 6e,f), it becomes clear that for India, due to the implementation of high
yield technology and irrigation, the net LRF is reduced substantially, by 50%, from 1963-2009,
assuming constant population and diet. Taking population growth into account, it can be ensured that it
drives the major increases in LRF, especially from 1993 onwards. Until 1992, only on a few occasions,
the LRF with constant diet overshoots the actual LRF (net national LRF). This is due to the combined
effect of rapid population growth and income induced dietary pattern changes towards more affluent
food items, which eventually reduces the average intake of per capita cereal consumption per year
(Figure 4a) from 65% in 1989 to 57% in 2009. However, for China, with the implementation of high
yield technology and cropping intensity, the net LRF decreased by 75% keeping population and diet
constant. Adding population, the LRF is still 45% less than the 1963 value. While adding the dietary
change, the net LRF jumped by 40% (i.e., an increase of 44% + 39% = 83%). Therefore, we can conclude
that for India population plays the major role whereas for China diet pattern change is the governing
factor for the net LRF to rise.

In this context, it is worth mentioning that different natural disasters also have a significant impact
on agriculture [55,57,58], especially on crop yields that eventually increase the land requirement of a
country [59,60]. However, this analysis is beyond the scope of our present study.

S. India and China: Achievements, Challenges, Future Scenario and Role in Global Food Security

FAO 2010 report indicate that, out of 6.5 billion people in the world, more than 1 billion are still
hungry and the situation is likely to be worsening by 2050. According to UN, by then, the global
population is likely to increase by 40% (at a rate of 75 million/year) and will reach 9.2 billion, while the
associated food production needs to expand by more than 70%, due to a rapidly growing middle-class
demographic in developing countries, which eventually translates into larger demand for food. The
largest population growth is projected to occur in Asia (particularly in China, India and Southeast Asia),
which is expected to account for nearly 60% of the world’s population by 2050. The population growth
is also projected to occur mostly in urban areas (around 60% by 2030), compared to the current levels
of 50%. Moreover, along with population growth, the global food situation will be redefined by other
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driving forces like per capita income rise, limited land availability, water deficiency, high energy
demand, inefficient food distribution systems and extreme weather events due to climate change. With
faster economic growth, the populations will consume more affluent food items, which will increase per
capita food consumption, as does the uptake in per capita global calorie consumption. Global meat
consumption is expected to grow by 2%/year, particularly in developing countries which will consume
more energy, cereal and water [61-63].

5.1. Government Policy and Food Security in India and China

While discussing the government policies toward agriculture in India and China, it is essential to
compare the environment in which the policies have been implemented. Firstly, both India and China
have experienced severe famines (1958—1962 in China) and droughts (1972, 1987, 2002 and 2009 in
India) in recent decades; therefore, the goal of attaining self-sufficiency and security in major food grains
is a national issue [17]. For the countries like India and China, in which rainfall is seasonal in nature,
agriculture is often planned in accordance with the monsoon season. Therefore, any deficiency in
rainfall, thus, has a direct impact on agriculture and the economy of the country. The problem is more
acute for India, because Indian farmers rely mainly on monsoon rainfall, whereas, Chinese farmers are
utilizing the irrigation potential much better than that of India. Secondly, abundance of poor farmers in
rural areas with a large share of employment based on smallholder agriculture provides thrust to the
policymakers. Thirdly, politically powerful farm sectors for India and the one party authoritarian system
for China have deprived the poor farmers in rural areas economically [17]. Lastly, environmental
degradation due to excessive farming may lead to land degradation and soil erosion [17,64].

5.1.1. China

Despite several similarities in policy environments, there are strong institutional and demographic
differences, which have led India and China to adopt different development pathways for reforms, but
the growth has been noteworthy, particularly in China. China opted for the bottom level approach i.e.,
primarily focusing on the agricultural sector and later moving to manufacturing and services with more
private investments and rural non-farm growth and employment. In the early reform period, i.e., from
1978-1984, when the government adopted Household Responsibility System (HRS), the cereal yield
increased from 2.8-5.4 tonnes/ha and agriculture developed at a phenomenal rate of 7%. This gave the
individual farmers the right to control land and income from their agriculture. Labor-intensive
technological change, i.e., the use of improved varieties of fertilizers and irrigation practices, is the
primary force behind this development [61,64,65].

In the post-1978 period, the rural-urban income ratio dropped from 2.5 to 1.8, but since the
mid-1980s, the emphasis of China’s economic reforms shifted to the urban areas and the ratio further
rose to 2.9 times in 2001, 3.11 in 2002, 3.23 in 2003 and 3.33 in 2007. To counter that, in 1993, they
abolished the grain rationing system which transformed the Chinese agriculture from a command and
control system to a free market sector. In 1994, pressure of inflation and declining production promoted
import, and several new policies needed to be implemented by the government e.g., Governor’s Grain
bag responsibility system in 1997. In 2008, the government planned to adopt a second round of land
reform policy for deepened rural reforms. The principal aims included land swapping among the farmers,
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to motivate rural excess labors to obtain other jobs in the cities with additional benefits like urban
dwellers and, finally, encouraging loans and investment to further promote rural agriculture. Furthermore,
China’s stimulus plan in 2008-2010 budgets, in the wake of the global financial crisis, focused heavily
on the development of transport and infrastructure in the rural areas. The 11th five year plan
(2006—-2010) not only aimed at promoting agricultural development, food self-sufficiency, food security
and raising farm income, but also included new goals like, increasing productivity in the agricultural
sector, increasing farm incomes, improving services in rural areas, improving farm education, improving
public and private investment in rural areas and deepening overall rural reform [66]. These reforms have
further accelerated the rate of urbanization in the last several years [67,68].

Due to per capita income rise and rapid urbanization, since 1990s, China has experienced an overall
structural change in its economy and social system. The GDP accounted for a drop in agriculture down
to 15% in 2004 (from 35% in 1970). Based on changing food habits of the affluent and trade liberalization
in the 2000s, the agricultural sectors not only have diversified production demand (with increased supply
of maize and soybeans as feed), but a shift has been noticed from land intensive commodities to high
value labor intensive commodities in the last one and a half decades [17,64].

Despite the fact that the government has taken credit for the success of the so-called rural reform
under HRS scheme in the 1980s; several recoded government documents clearly reveal a contradictory
picture. The government did not implement any new policies and even they tried very hard to retard the
reform process. It was the farmers who tried various ways to link one’s effort to one’s reward. In fact,
the government was forced by farmers to agree to let farmers do what they had already been doing.
Xiaogang Village in Anhui Province is one example, which is considered to be the ‘cradle village’ of
China’s early rural reforms. In 1978, 18 villagers risked their lives to sign a secret agreement, which
divided communally owned farmland into individual pieces [65]. Secondly, despite the initial success of
the rural reform, the shift in focus to the urban region is rather controversial. It not only increases
the rural-urban income gap, but slows down the reform process too, and it is reflected in the Gini
index trend.

5.1.2. India

In contrast, India employed a top down reform process, which started with macroeconomic policies
focusing on the services sector and then the manufacturing sector. As a result, the service and
manufacturing sectors are doing much better than the agricultural sectors. Despite this fact, in the last
decade and half, the government implemented several policies, schemes and missions with the intent of
achieving three overarching goals; stability of supplies, stability of prices and income stability of
farmers’ incomes [17]. Until the 1970s, India experienced low economic growth, partially due to
fluctuations in agriculture affected by seasonal monsoon along with political instability soon after
independence (1947), weaker economic policy and rural poverty (>90%). Partial liberalization policy in
the 1980s and full scale economic liberalization in 1991 not only elevated agricultural growth but
accelerated the Indian economy and GDP to a greater extent. The first wave of green revolution in the
late 1960s allowed India to attain self-sufficiency by the end of the 1970s. However, the technological
innovations and high yielding seeds are confined to the wheat crop (Mexican semi-dwarf wheat varieties)
and in the northwest part and deltaic region of peninsular India. The most important factor underlying
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the implementation of new technologies was the diffusion of private tube-wells [69]. Despite the green
revolution, India imports large quantities of food, chemical fertilizers and agricultural machinery.
Therefore, the first wave practically failed to raise the income across the country, in a broader sense.

In the second phase of green revolution in the 1980s, wider technological disseminations involved
rice, coarse cereals, jowar and bajra, which elevated the rural income across the country and thereby
fostered India’s economic development [69]. Implementation of the improved varieties of fertilizers,
pesticides and irrigation facilities further facilitated the yield of the crops [68]. The rapid increase in rice
production was fundamental to the economic development in the rural areas. The key factor for rapid
agricultural growth was the widespread implementation of private tube-wells, particularly small-scale
shallow tube-wells which are cheaper than deep tube-wells. The widespread implementation of
tube-wells in rain-fed areas enabled farmers to grow high yielding wheat instead of rabi crops, such as
pulses, in the dry season (rabi season) and to improve the rice yield substantially by switching from
traditional to modern varieties in the monsoon season (kharif season). Thus, a highly productive double
cropping system of high yielding varieties of rice and wheat was established over broad rural areas,
especially in the Indo-Gangetic Basin. Furthermore, in some places with plentiful rainfall, such as West
Bengal, double cropping of high yield rice became predominant [62]. However, the implementation of
green revolution technologies is not uniform in India. The diffusion of new seed-fertilizer technology
and shallow tube wells was delayed in eastern and northeastern states in comparison with other parts of
the country. The key reasons are shortage of capital to purchase tube wells, dominance of poor farmers
with fragmented land parcels, lack of rural electrification and wealthy land lordship, which imposes
severe hurdles on the eastern Indian farmers (NSSO report).

Like China, in India the agricultural economy too experienced structural changes in early 2000 and
the agriculture and associated sectors contributed only 22% of total GDP in 2003 (drop from 43% in
1970). Despite overexploitation of the benefits of green revolution technologies, it is questionable why
India’s average crop yield is relatively low in comparison with other countries. Secondly, regional
variations in productivity of crops further indicate the lack of implementation of the policies. Thirdly,
wider subsidies of the resources not only hampered the expenditure on rural infrastructure, it slowed
down the public investment in agricultural growth. Fourthly, the partial failures of the schemes and the
projects were also attributable to the loss due to illegal money laundering and corruption practices in the
social and government administration system. Finally, India lacks any well-defined institutional changes
in land reform policies and it is successful only in a limited number of provinces. The percentage of
landless population is much higher in India [61,64,70].

5.2. Why the Role of India and China is Important for Future Global Food Security

Among the developing countries, because of their faster rate of urbanization, economic and
population growth, India and China can play a pivotal role in global food security. As we know, both
the countries constitute 37% of the global population (World Bank 2011 report) and rank among the top
10 largest economies in the world since the 1990s. From the food production point of view, both are the
leading producers of cereals and, in 2011, Chinese agricultural imports and exports accounted for 11%
and 5%, respectively, compared to just 2% and 3% for India [71]. However, over time, higher per capita
income and diet diversification have widened the range of imported products in China. In contrast, India
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has had relatively little involvement in global agricultural trade and ranks 14th and 16th in global
agricultural export and import, respectively [71]. Therefore, both the countries have significant potential
to contribute to food security globally, particularly to the Asia Pacific region, not only by reducing its
own hunger index, but also by increasing international trade and technology exchanges with other
developing nations.

China: China’s economic development, globalization, trade liberalization policy and the attempt to
fulfill the WTO and FTA agreements provide enormous opportunities for multilateral trade, which have
the potential to ensure food security for Asia and greater Pacific regions, particularly the developing
nations. China is well integrated with the rest of the world in matters of international trade and is
projected to be the world’s second largest importer and exporter by 2020. China mainly exports animal
products and ranks second globally in the import of agricultural products [72]. Despite this, China is
projected to be self-sufficient in cereal grains; in the future, it will shift its status from net exporter to net
importer, which will provide opportunities for many countries to adjust their food production to satisfy
the wider Chinese markets. They will also export food and feed to many other developing South and
South-East Asian countries, valued at around USD $10 billion in 2020, contributing to food security in
the region [17,64,73,74].

India: In stark contrast to China, despite being one of the top three global producers of rice, wheat,
sorghum and sugarcane, it ranks low in the global agricultural trade. India mainly imports the products
for which the domestic product is unable to meet the domestic demand. India mainly exports vegetable
oils, which are more like staple food products in India. Like China, India is also projected to be
self-sufficient in staple food grains and will likely continue its role as a major net exporter of rice
followed by wheat and sugar. India mainly exports to the African nations, and other developing Asian
countries. Mutual food trade between India and China will also facilitate supporting the future food
demand. The China report suggests a projected increase in exports to India by 1179%, while Indian
exports are predicted to increase only by 79% in 2020. The potential relaxation and openness in
government trade policies will encourage India to play a more pivotal role in combatting regional food
scarcity in the Asia Pacific region.

5.3. Future Prospects of Growth and Challenges in Domestic Land Reform Policies

From 2006-2010, the average annual growth in China’s GDP was 8%, which has gradually slowed
down in the present decade to 6%—7%. The growth is mainly due to strong macroeconomic stability,
strong inflow of FDI and trade liberalization policy. While for India, the GDP has been rising gradually
from 6%—7% to 7%—8% in the recent decade. This can be explained in two ways; firstly, in India the
incremental capital output ratio (ICOR) is less than four and is expected to decline further, whereas, in
China it has risen steadily from 4 in the 1980s to 5.4 in recent times. This indicates better utilization of
capital by the Indian industrial sector in comparison with its Chinese counterpart. Secondly, the
demographic factor also favors India’s development. Percentage of the ageing population and sharp
decline in young population growth due to one child policy will slow down economic growth.

In the agricultural sector, both for India and China, the arable land due to crop production is shrinking
rapidly, due to urbanization and environmental degradation. In matters of technological growth, China
already has attained high yields in staple crops, and the partial failures in policy implementation limits
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India’s growth in the later part of the green revolution. Therefore, both for India and China, the growth
in cropping yields has plateaued with little scope for development in the future.

Apart from the future challenges to alleviate poverty, hunger reduction and disparity in income, the
shrinking of arable land is a matter of deep concern, both for India and China. This is one of the hurdles
that must be overcome in order to achieve the far-reaching goal of food security as well as food self-
sufficiency with appropriate land reform policies [63,64,67,74].

5.3.1. Shortage of Arable Land and Reform Policies

In our analysis, we have shown a gradual increasing trend in LRF, both for India and China. If we
extrapolate the trend, it obviously projects more arable land requirements for future food production.
Therefore, these statistics may provide a background to estimate future agricultural land demand (based
on temporal trend of different drivers) for implementing future land reform policies. It is expected that
the percentage of total arable land will shrink in the next two decades due to urbanization and land
degradation. However, for the future reform process, it is also essential and challenging to frame new
land reform policies, without negotiating the issues of food security.

In China, in the next three decades, urbanization is projected to rise from 47%—75%, which requires
additional land for residential infrastructure and industrialization. To maintain self-sufficiency, farmers
are facing increasing challenges from shrinking land areas and ground water depletion for farming.
Between 1996 and 2008, the cultivable land and grassland decreased by 6.4% and 0.59%, respectively,
which is mainly due to urbanization and industrialization. In 2008, the government planned to adopt a
second round of land reform policy for further rural reforms. However, this new policy constitutes a
profound redistribution of wealth and power which inevitably has severe implications. The negative
consequences which have arisen are (a) fast disappearance of arable land in the country; (b) monopoly
of land resources in the hands of a small number of landlords, which widens disparity; and (c) rapid rise
of urban unemployment.

The present government in India attempts to simplify the ability of the government and private
companies to obtain land for building modern cities and industrial corridors across India. According to
amendments to the land act, it claims to be beneficial for farmers, but the exemption of getting consent
of 80% of landowners for some projects leads to the possibility of exploitation and monopoly. Therefore,
the land acquisition act is strongly opposed by a section of farmers and opposition parties. However, it
is also essential to adopt an institutional change in the land act for future economic reform processes,
which is indeed a challenging task for the government [70,75-77].

5.3.2. Environmental Degradation and Extreme Weather Events

Despite the fact that Indian agriculture is boosted by green revolution, excessive technology
dissemination has an adverse impact on environmental externalities, leading to agricultural pollution,
land degradation, depletion of ground water levels, efc. Based on a National Remote Sensing Centre
report, nearly 15% of India’s total geographic areas are degraded cultivable wasteland and this has had
a significant negative relationship with foodgrain productivity in the 1980s and 1990s [78]. Ground
water depletion is one of the primary constraints for Indian agriculture in recent decades. It is the major
source for irrigation and is being rapidly depleted.
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Similarly, China also faces these challenges but the problem is more acute in India, where lack of
public funding and infrastructure projects are the major constraints to support agricultural sustainability [17].
In China, besides declining in quantity, the quality of the survived land is also under huge threat.
Urbanization enhances the degree of soil pollution, due to improper deposition of domestic and industrial
waste, acid deposition and urban air pollution. About 2.5% of arable land is already becoming too
polluted for agriculture. Contamination of cropland with Cadmium and lead from industrial wastes is a
matter of great concern for public health.

Apart from ground water depletion, widespread occurrences of drought and disappearances of the
lakes due to urbanization are also potential threats. In the last 40 years, China has lost 13% of its
wetlands. Water quality of Sanggou Bay, which is one of the most important mariculture regions in
China, is facing severe deterioration due to overfishing and water pollution. In the last decade and a half,
India has experienced several severe and moderate droughts and flood events, which hamper food
security programs to a great extent [64,74].

5.4. Approach Towards Sustainable Agriculture

Despite fulfilling the objective of increasing food production consistently, additional policies need to
be implemented to foster sustainable agriculture, ensuring sustainable use of land and water resources.
This includes utilizing irrigation potential, stimulating groundwater regeneration, paying more attention
to the eastern states and monitoring soil degradation [79]. Firstly, the investment made by central and
state governments in the irrigation projects created a gap between irrigation potential created and
utilized, due to wastage of water. In the 12th five-year plan, the government allocated additional funds
for water management and construction of canal systems and field channels [80]. Secondly, the central
government had undertaken a massive program for groundwater regeneration through watershed
development programs, construction of dams for stabilizing ground water level and rainwater storage.
Thirdly, the farmers in the eastern Indian states rely predominantly on diesel pumps rather than on
electric pump. The diesel pump not only increases the cost pressure, it is not eco-friendly. The first step
needed is to improve the rural electrification in the eastern states and motivate the farmers to adopt
sustainable agricultural techniques. In the longer term, the shift in the centre of gravity of agriculture
from the western states to the northeastern Gangetic plains may lead to increased and more sustainable
production. Lastly, in the 12th five-year plan, a program needs to be initiated to restrict excessive use of
toxic nitrogenous and phosphatic fertilizers and pesticides and promote the use of bio-fertilizers, organic
manure, and bio-compost and soil organic carbon [80].

Over the past three decades, the area of land under irrigation in China has increased fivefold, mostly
between the 1980s and 1990s [79] and externalities of pesticides used in rice systems cost USD $1.4
billion per year through human health impacts and adverse effects on both on and off farm
biodiversity [81]. In March 1994, the Chinese government set out its plan for the implementation of
Agenda 21, and put forward ecological farming or agro ecological engineering, as the approach to achieve
sustainability in agriculture. Pilot projects were established in 2000 in townships and villages spread
across 150 counties. Policy for these “eco-counties” is organized through a cross-ministry partnership,
which uses a variety of incentives to encourage adoption of diverse production systems to replace
monocultures. These include subsidies and loans, technical assistance, tax exemptions and deductions,
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security of land tenure, marketing services and linkages to research organizations. These eco-counties
contain some 12 million hectares of land, about half of which is cropland, and though only covering a
relatively small part of China’s total agricultural land, illustrating what is possible when policy is
appropriately coordinated [82]. Therefore, to address the problems, both in India and China, future
policies have laid emphasis on promoting sustainable agriculture and organic farming. A schematic
diagram is shown in Figure 8, to compare the socioeconomic factors and drivers affecting the agricultural
land demand in India and China.
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6. Conclusions and Discussions

Rapid population growth, economic development, and urbanization have significant impacts on
Chinese and Indian societies, thereby increasing food consumption and imposing excessive pressure on
agricultural land demand. The daily per capita consumption of affluent food items increased particularly
from 1980 in China, which perhaps is related to income induced dietary pattern changes, globalization
and transformation of food consumption patterns of Indian and Chinese households, especially in the
urban areas. Land constraints, low labor productivity, natural catastrophe, and slowing crop yield pose
significant barriers for both countries to overcome, even with significant investments in the agricultural
sector. It is highly challenging for both the countries to tackle the problems even with effective land
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reform policies, without negotiating the issues of food security. We applied Land Requirement for Food
(LRF) method to estimate the historical changes in agricultural land demand for food in both countries
from 1963-2009. Using a sensitivity analysis we also quantified the relative role of population growth,
technology and diet pattern changes in the net LRF of India and China.

The statistical analysis shows that the total LRF increased by 42% and 40%, for India and China,
respectively, which is much higher than the 14% and 6% increase in net agricultural land since 1963,
and the gap between food demand and domestic production has increased. Given the limitation of land
resources, this gap can only be filled either by increasing the productivity or by import. Despite over
exploitation of green revolution technology in India, it is rather questionable why it has still performed
much lower than several other developing countries like China and Brazil. India lacks institutional
changes in the agricultural sector such as reducing subsidies and fruitful investment in research and
development. However, these changes may need to be implemented at a slower pace, without negotiating
the far-reaching goal of food security and poverty alleviation. Therefore, in the present scenario, it is not
an optimistic approach to participate in the World Trade Facilitation Agreement, compromising its
existing food security programs. On the other hand, the new land reform policy in China too has the
negative consequences of rapid disappearance of arable land, urbanization and urban unemployment.

However, unprecedented usage of high yield technology, fertilizers, etc. needs to be controlled to
avoid environmental degradation. Recently, degradation in productivity, results from overuse of
chemical inputs, deteriorating soil quality and shrink ground water level is an alarming threat [17].
Therefore, both countries need to negotiate the usage of modern technology, without affecting natural
resources to a greater extent. The governments have implemented several policies, not only to achieve
the goal of food security, food self-sufficiency and income support to farmers, but also to promote
sustainable agriculture and organic farming. On the other hand, if these two countries cannot maintain
their current self-sufficiency levels, there could be great global market repercussions.

Analyzing the role of individual drivers, we have found that population growth is responsible for most
of the increase in total LRF for India, whereas the income induced diet pattern changes drive the major
increase in the LRF for China. Therefore, we can conclude our discussions with possible projections for
the future LRF in India and China. As projected by FAO, India’s population will equal China’s in 2025
(about 1.4 billion) and will exceed China’s thereafter, and it will continue to increase until at least 2050.
It is essential for the government to implement some population control policies in India, like China, to
curtail food demand in the future. On the other hand, China’s population will peak at about 1.5 billion
in 2032, declining thereafter. The forecasted average annual GDP growth rates, both for India and China
in 2020-2025 are approximately the same (China: 5.7%, India: 5.6%). Therefore, in the present scenario,
with expected population and economic growth, it remains to be proven how the governments of both
countries will adopt workable policies and how they will face the challenges of food security in the
coming times.
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