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Abstract: In 2013, China proposed the Bangladesh–China–India–Myanmar Economic Corridor
initiatives to enhance the economic cooperation between Bangladesh, India, and Myanmar. To serve
the priority setting of agricultural cooperation in the initiatives, an analysis is necessary to understand
the food security situation and its key influencing factors in the three countries. For this purpose, this
study applied a food security index (FSI) to measure the food security level at state scale and analyze
its changes in the three countries during 1990–2013. Further, a factor decomposition method was used
to quantify the contribution of major factors to the FSI changes. The results showed that the food
demand was generally secured in Myanmar and India during 1990–2013 but in shortage by around
10% in most years before 2008 in Bangladesh. The annual FSI values showed a rather obvious periodic
variation and a slightly increasing trend during the whole period. Although the grain production in
the three countries increased significantly, the FSI was not accordingly improved, as a result of the
simultaneous increase of grain consumption. In Bangladesh and India, the grain production increase
was mainly driven by the improvement of crop yield, while the grain consumption increase was
mainly caused by the population growth. In Myanmar, the production increase was largely caused by
the expansion of cropping area, and the consumption growth was mainly due to the increased grain
requirement per capita. To meet the increasing food demand in the future, it is essential to improve
the irrigation and drainage systems and crop management to increase the land use efficiency and
crop yield. In addition, the adaptation of appropriate policy for family planning could be important
to slow down the quick population growth and thus the food demand.

Keywords: food security; food production and consumption; contribution factors; Bangladesh;
India; Myanmar

1. Introduction

Food security is a situation that exists when all people, at all times, have physical, social, and
economic access to sufficient, safe, and nutritious food that meets their dietary needs and food
preferences for an active and healthy life [1]. After the 2008 global food price crisis, food security
moved higher on the policy agenda in a number of countries [2], including Bangladesh [3], India [4],
and Myanmar [5]. As these three countries all have a big population, together comprising 21% of the
global population [6] and consuming 32% of the global rice and 39% of the global pulse [7], ensuring
food security has been one of the major national priorities since their independence [8–10]. In 2013,
China proposed the Bangladesh–China–India–Myanmar Economic Corridor initiatives to enhance
economic cooperation. In this context, agricultural cooperation could be prioritized in the initiatives.
Therefore, to serve the priority setting of agricultural cooperation, an analysis is needed to understand
the food security situation and its key influencing factors in the three countries.
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Around 1990, Bangladesh, India, and Myanmar all started economic reforms, gradually
liberalizing the food market and international trade, which greatly increased domestic food
supplies [9–11]. Bangladesh has achieved self-sufficiency in rice with the accelerated growth of
rice production in recent years after a steady growth since the 1970s [12–14]. In India, cereal
production increased by more than 70% during 1980–2007 [15], and in Myanmar, rice, pulse, and maize
production have all shown remarkable growth since 1988 [16,17]. Excepting the economic reforms and
adaptation of appropriate policy measures [9,11,18,19], the increased agricultural inputs [20–23] and
the adjustment of land use [24–26] played key roles in the increase of grain production. Regarding the
food security issue, the food production and consumption changes and their influencing factors during
the past decades for individual countries have been well-documented by current studies. However, the
actual level and changing trend of food security in the three countries have not been clearly analyzed
yet. Therefore, considering the policy change and data availability, this study selected 1990–2013 as the
study period, and adopted a food security index (FSI) as an indicator to comparatively examine the
food security level and its change in Bangladesh, India, and Myanmar. Then, the Logarithmic Weight
Mean Division Index (LMDI), a factor decomposition analysis approach, was applied to quantify the
contribution of major affecting factors to the food security change. Finally, suggestions for improving
food security were given.

2. Data and Methods

2.1. Data

The data of food production and consumption, agricultural inputs, and population were collected
from various sources for the period of 1990–2013. Arable land area, cropping index (the average
number of crops planted on the same plot of cropland in one year), harvest area and yield of food
crops (rice, wheat, maize, and pulses), and agricultural inputs were collected from the Yearbook
of Agricultural Statistics of Bangladesh, State Wise Area Production & Yield Statistics of India
(http://eands.dacnet.nic.in/MSP.htm), Statistical Yearbook of India, Yearbook of Agricultural
Statistics of Myanmar, and Myanmar Statistical Yearbook. Total grain production and food
consumption for each of the three countries were derived from the FAO food balance sheets.
Population size was based on the estimated data by the Population Division of the United Nations
(http://www.un.org/en/development/desa/population/).

In this study, production and consumption of wheat, maize, and pulses were converted to rice
equivalents (RE) with the conversion ratio (CFi) of 1.02, 1.03, and 1.18, respectively, which were
calculated with the following equation [27]:

CFi =
Hi

H0
× 0.9 +

Pi

P0
× 0.1 (1)

where Hi is the content of calories and Pi protein in food crop i, and H0 and P0 are the content in
rice, respectively.

2.2. Methods

2.2.1. Indicator of Food Security

This study adopted the food self-sufficiency ratio, a commonly used indicator to measure the food
security at national level [28–34]. This ratio is defined as the share of domestic food grain production
in the total domestic consumption [35], and is called the food security index (FSI) in this study. It is
presented in the equation below:

FSI =
TGP
TGC

=
∑n

i=1 GPi

∑n
i=1 Foodi + Feedi + Otheri

(2)

http://eands.dacnet.nic.in/MSP.htm
http://www.un.org/en/development/desa/population/
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where TGP is the total domestic grain production, i.e., the summation of rice, wheat, maize, and pulses
(denoted separately as GPi) in rice equivalent. TGC is the total grain consumption, i.e., the summation
of the grain types consumed for food (Foodi) and feed (Feedi), as well as the part used for seeds,
and losses during processing and storage (denoted as Otheri).

2.2.2. Quantifying Factor Contribution to Food Security

Total grain production (TGP) and total grain consumption (TGC), as well as four major factors
including total cropping area (TCA), mean crop yield (MCY), total population (TP), and per capita grain
consumption (PCGC), were analyzed to quantify their contribution to the FSI change during 1990–2013,
using the Logarithmic Weight Mean Division Index (LMDI) method. The LMDI can eliminate the
residual and “0” value in the decomposition process and improve the accuracy of the analysis [36].
It has been used in analyzing grain production driving factors and their contribution [37–40].

According to LMDI, the change in the FSI during a given period, ∆FSI, can be decomposed
as follows:

∆FSI = ∆TGP + ∆TGC (3)

where ∆TGP is the part of ∆FSI induced by the change in TGP, and ∆TGC is the part induced by the
change in TGC. For the given period between the beginning time 0 and the ending time t, ∆TGP and
∆TGC can be quantified by the following equations [36]:

∆TGP =
GSIt − GSI0

ln GSIt − ln GSI0
ln

GPt

GP0
; ∆TGC =

GSIt − GSI0

ln GSIt − ln GSI0
ln

GC0

GCt
(4)

∆TGP is further decomposed as two parts, i.e., the part contributed by changes in the sowing area
and the part contributed by changes in the crop yield. Similarly, ∆TGC is also decomposed as two
parts, i.e., the contribution of population changes and PCGC changes, respectively. ∆TGP and ∆TGC
are presented as follows:

∆TGP = ∆TCA + ∆MCY; ∆TGC = ∆TP + ∆PCGC (5)

where ∆TCA and ∆MCY are the part of ∆TGP caused by changes in the total crop sowing area and
crop yield; ∆TP and ∆PCGC are the part of ∆TGC caused by changes in population size and per capita
grain consumption, respectively. Similar to Equation (4), ∆TCA, ∆MCY, ∆TP, and ∆PCGC can be
calculated as follows:

∆TCA = TGPt−TGP0
ln TGPt−ln TGP0

ln TCAt
TCA0

; ∆MCY = TGPt−TGP0
ln TGPt−ln TGP0

ln MCYt
MCY0

;
∆TP = TGCt−TGC0

ln TGCt−ln TGC0
ln TPt

TP0
; ∆PCGC = TGCt−TGC0

ln TGCt−ln TGC0
ln PCGCt

PCGC0

(6)

The contribution proportion (%) of ∆TCA and ∆MCY to ∆TGP is denoted as CTCA and CMCY,
and the contribution of ∆TP and ∆PCGC to ∆TGC is denoted as CTP and CPCGC, respectively, which
are calculated with the following equations:

CTCA = ∆TCA
∆TGP × 100; CMCY = ∆MCY

∆TGP × 100
CTP = ∆TP

∆TGC × 100; CPCGC = ∆PCGC
∆TGC × 100

(7)

The positive value for a factor indicates a positive contribution to the change in FSI; otherwise,
it is a negative contribution.

3. Results

3.1. Food Security and Its Changing Trends

Food security level, i.e., the FSI in 2013 was 1.02 in Bangladesh, 1.08 in India, and 1.09 in Myanmar,
implying that the food production slightly exceeded the consumption at the national level. From 1990
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to 2013, the FSI showed a rather obvious periodic variation and a slightly increasing trend (Figure 1).
In Bangladesh, the FSI increased from 0.88 to 0.91 in 1990–1993, and declined to 0.83 in 1994. From
1995 to 2000, it increased significantly to 0.95, and then declined again to 0.82 in 2004. After that, it was
gradually elevated to 1.00 in 2008 and remained around 1.01 during 2009–2013. Similarly, the FSI
in Myanmar also fluctuated periodically: after an increase from 1.06 in 1990 to 1.17 in 1994, the FSI
dropped to 1.08 in 1998, and then increased to 1.18 in 2003. After a decrease to 1.13 in 2005, the FSI
increased again to 1.22 in 2009, and then quickly declined to 1.09 in 2013. In India, the FSI varied
slightly around 1.01 during 1990–2008 except for a significant decline in 2002. After a small decrease in
2009, it continuously increased to 1.11 in 2012 and then decreased to 1.09 in 2013. The results indicate
that food consumption was safely secured in Myanmar and India in all years of the period studied,
but was in shortage by around 10% in most years before 2008 in Bangladesh. During the last 5–6 years,
the food security level was obviously improved in Bangladesh and India, but evidently decreased in
Myanmar (Figure 1).
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Figure 1. Annual variation of food security index (FSI) in the three countries during 1990–2013.

3.2. Causal Factors and Their Effect on FSI

Table 1 presents the LMDI decomposition results. The grain production showed a positive
contribution to the FSI, but the grain consumption showed a negative effect during 1990–2013. With
the joint influences of both, the FSI increased by 0.0028–0.0060 per year, implying that the contribution
of increased TGP was largely offset by the increased TGC, thus the FSI was not evidently improved
during the period studied.

Table 1. Changes in FSI caused by grain production and demand and the contributions of factors.

Country
Production Consumption

∆FSI
∆TGP CTCA CMCY ∆TGC CTP CPCGC

Bangladesh 0.0262 12.03% 87.97% −0.0202 76.62% 23.38% 0.0060
India 0.0187 2.25% 97.75% −0.0147 114.91% −14.91% 0.0040

Myanmar 0.0522 81.40% 18.60% −0.0494 22.86% 77.14% 0.0028

The data in Table 1 indicate that the crop yield improvement contributed 88% and 98% to the ∆TGP,
and the population growth contributed 77% and 115% to the ∆TGC during 1990–2013 in Bangladesh
and India, respectively. These imply that the FSI changes were largely determined by the crop
yield improvement and population growth in both countries. In India, the PCGC showed a positive
contribution to the FSI, because it decreased during the period studied. By contrast, in Myanmar the
main contributor to the ∆TGP was the expansion of crop sowing area (81%), and the main contributor
to the ∆TGC was the increased food consumption per capita (77%). Therefore, the FSI change was
mainly determined by the changes in the cropping area and per capita food consumption in Myanmar.
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4. Discussion

4.1. Food Security Variations

The results indicate that the food security level, i.e., the FSI in the three countries increased slightly
from 1990 to 2013, and the food grain production exceeded the consumption at the national level in
2013. A study by Del Ninno et al. also indicated that Bangladesh and India have achieved great success
in raising domestic production and thus gradually reduced the level of food aid received since 1981 [9].
The grain import dependency has declined to less than 10% since 1991 and rice has been self-supplied
since 2011 in Bangladesh [41]. Grain production has exceeded the demand in India since the early
1980s. In Myanmar, rice retained export steadily during 1988–2012 [42].

The FSI variation was mainly caused by unpredictable natural disasters, as the agriculture
development of the three countries relies rather heavily on the monsoon rains and is vulnerable to
natural disasters such as floods and droughts [9,43]. For the years with a significant decrease in the FSI,
severe droughts or floods were observed. For instance, in 1994 in Bangladesh, and in 2002 and 2009
in India, severe droughts were reported to have caused great yield reductions [44,45]. In 2000–2004,
more frequent rainstorms and flooding were observed in Bangladesh, causing more damage to food
production than in normal years [46]. In Myanmar, a severe flood in 1996 caused extensive damage to
rice and yield reduction [16], resulting in the FSI decrease.

The difference in FSI among the three countries was generally determined by the available land
resources, crop management, and policies. Bangladesh had a large population of 160 million in 2015 [6],
but very limited available land (less than 0.1 ha per capita). Due to poor irrigation and drainage
systems [8], the agriculture was frequently affected by droughts and floods [47]. Similarly, India has
also faced the pressure of a large population, but it has relatively rich arable land resources, and a higher
ability to improve the agricultural technology and thus crop productivity. In contrast, Myanmar has
rich land resources and was already a large rice producer before its independence [48]. After gaining
its independence, the new government has regarded a stable supply of rice as a prerequisite for
political stability [10], and thus has made great efforts to improve agriculture, making Myanmar a big
rice exporter.

4.2. Food Production

Total food production in Bangladesh, India, and Myanmar showed a significantly increasing
trend during 1990–2013 (Figure 2), increasing on average by 92.55%, 52.68%, and 165.73%, respectively,
resulting in the improvement of the FSI. A correlation analysis indicated that changes in the annual
FSI and food production were significantly correlated in the three countries with the coefficient of
determination (R2) of 0.844, 0.917, and 0.519, respectively. Compared with the annual change in the
FSI (Figure 1), total food production in the three countries showed a similar annual variation trend.
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Figure 2. Annual variation of total grain production in India (IND), Bangladesh (BGD) and Myanmar
(MMR) during 1990–2013.
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The rapid growth of total grain production in Bangladesh and India was mainly achieved by the
crop yield improvement, while in Myanmar it was mainly achieved by the cropping area expansion
(Table 2). From 1990 to 2013, crop harvest area was expanded by only 7.23% in Bangladesh, but the
mean crop yield increased by 79.57%, contributing 87.97% to the production increase. Similarly, in India,
the cropping area increased slightly by 1.12%, but the crop yield increased by 51.00%, contributing
97.75% to the total grain production. In Myanmar, the crop yield increased by 14.62%, but the harvest
area expanded by 131.84%, which contributed 81.4% to the production increase.

Table 2. Change of mean yield (RE) and total area of grain crops in the three countries.

Country Indicator 1990 2013 Total Increase (%)

Bangladesh Crop area (M ha) 11.87 12.73 7.23
Yield (kg/ha) 1636.58 2938.88 79.57

India
Crop area (M ha) 125.95 127.36 1.12

Yield (kg/ha) 1377.70 2080.27 51.00

Myanmar Crop area (M ha) 4.21 9.76 131.84
Yield (kg/ha) 2440.11 2796.75 14.62

The quick yield improvement in Bangladesh was mainly due to the large expansion of the high
yielding rice variety, Boro rice, which grows in the dry season with irrigation [14], and has a much
higher yield than Aus and Aman rice. Promoted by the government policies that encourage private
development and allow private purchases of agricultural equipment such as pumps [49], the area
irrigated by power pumps and tube wells increased by 1.80 and 2.74 times during 1990–2013 [46].
Associated with this irrigation improvement, the sowing area of Boro rice expanded significantly by
104.07% from 2.37 to 4.48 M ha (Table 3). Irrigation with groundwater has the ability to supply the
required water on time, and thus can achieve higher crop yields than irrigation with surface water [22].
In India, the yield increase was mainly attributed to the “Green Revolution” that was implemented
between the mid-1960s and the early 2000s [50], which aimed to change the heavy dependence on
food aid of about two decades since the independence [15], and to ensure food self-sufficiency [9].
This program includes many improved practices such as increasing public investments in agricultural
research and extension, improving irrigation levels, strengthening plant protection, and increasing
fertilizers and pesticide use [9,50]. With these practices, the irrigation conditions have greatly improved
and agricultural inputs have markedly enhanced (Table 3) and thus promoted the yield increase.
Meanwhile, the cropping structure has been largely adjusted: the sowing area of low-yielding crops
jowar and bajra was reduced by 57.09% and 30.15%, while high-yielding crops of rice, wheat, and maize
expanded by 3.34%, 30.20%, and 55.56%, respectively (Table 3).

In Myanmar, the government has believed that the stable supply of rice is a prerequisite
for political stability since 1988 [10]. To promote agricultural development and food production,
the government enacted two legal documents in 1991 and 1998 to encourage farmers to make full use
of unused and fallow lands [51]. Promoted by this policy, the sowing area of rice, maize, and pulses
increased by 46.07%, 251.78%, and 394.83%, respectively, with the cropping index increased accordingly
by 31.97% during 1990–2013 (Table 3). Meanwhile, the Ministry of Agriculture and Irrigation has taken
many measures to increase crop yield, including improving irrigation systems and mechanization
levels, and increasing fertilizer and pesticide applications [51]. In addition, the trade liberalization
stimulated the increase of the domestic price of pulses, and thus resulted in the dramatic expansion of
the pulse sowing area [52].
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Table 3. Change of sown area of main crops and inputs in the three countries.

Country Indicator 1990 2013 Total Increase (%)

Bangladesh

Arable land area (M ha) 8.17 7.92 −3.06
Cropping index (%) 171.70 191.88 20.18

Acreage of Aus rice (M ha) 1.93 1.05 −45.69
Acreage of Aman rice (M ha) 5.80 5.53 −4.65
Acreage of Boro rice (M ha) 2.37 4.84 104.07

Irrigation area of Boro rice (M ha) 1.82 4.62 254.10
Fertilizer (kg/ha) 148.76 176.02 18.32
Pesticide (kg/ha) - 2.48 -

India

Arable land area (M ha) 142.87 141.43 −1.01
Cropping index (%) 130.01 142.02 12.01

Acreage of rice (M ha) 42.69 44.11 3.34
Acreage of wheat (M ha) 24.17 31.47 30.20
Acreage of jowar (M ha) 14.36 6.16 −57.09
Acreage of bajra (M ha) 10.48 7.32 −30.15
Acreage of maize (M ha) 5.90 9.19 55.56

Irrigation area (M ha) 42.29 58.40 38.09
Irrigation area percent (%) 40.99 58.13 17.14

Fertilizer (kg/ha) 98.14 195.80 99.51
Pesticide (kg/ha) - 0.60 -

Electricity (1013 W) 5.03 14.75 193.24

Myanmar

Arable land area (M ha) 8.32 13.36 60.51
Cropping index (%) 121.66 161.16 39.50

Acreage of rice (M ha) 4.76 6.95 46.07
Acreage of wheat (M ha) 0.14 0.10 −25.82
Acreage of maize (M ha) 0.13 0.44 251.78
Acreage of pulse (M ha) 0.86 4.26 394.83

Irrigation area (M ha) 0.92 2.16 134.59
Irrigation area (%) 15.18 17.99 2.81
Fertilizer (kg/ha) - 4.38 -
Pesticide (kg/ha) 0.03 0.47 1466.67-

Note: “-” stand for no data. The fertilizer was a physical quantity. The pesticide included powdered and
liquid pesticides.

4.3. Food Consumption

From 1990 to 2013, total grain consumption in Bangladesh, India, and Myanmar increased
(Figure 3) significantly by 66.6%, 39.89%, and 158.11%, with an annual growth rate of 2.28%, 1.49%,
and 4.30%, respectively. This increase was rather close to (slightly lower than) that of the grain
production, largely offsetting the contribution of food production increase to the FSI. In the increase of
total grain consumption, 74.76% and 113.09% were attributed to the population growth in Bangladesh
and India, respectively, but 76.12% was contributed by the increase of per capita grain consumption in
Myanmar (Table 4). This difference was because the population growth was much lower in Myanmar
than in Bangladesh and India, and because of that the great increase in feed requirement for producing
the animal foods of meat, eggs, and milk (Table 5) increased the grain consumption in Myanmar.
In addition, total grain consumption per capita changed relatively little in Bangladesh and India
(Table 4).
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Figure 3. Annual variation of total grain consumption of the three countries during 1990–2013.

Table 4. Change of population and per capita grain consumption (rice equivalents) in the
three countries.

Country Indicator 1990 2013 Total Increase (%)

Bangladesh

Population (M) 105.98 157.16 48.29
Consumption (kg) 207.52 233.15 12.35

Food (kg) 190.71 197.12 3.36
Feed (kg) 3.41 17.41 410.80

Others (kg) 13.39 18.62 39.00

India

Population (M) 870.60 1279.50 46.97
Consumption (kg) 200.58 190.93 −4.81

Food (kg) 179.55 163.36 −9.02
Feed (kg) 5.06 10.81 113.45

Others (kg) 15.96 16.75 4.96

Myanmar

Population (M) 42.01 52.98 26.13
Consumption (kg) 231.82 474.40 104.64

Food (kg) 131.53 162.35 23.43
Feed (kg) 60.96 227.09 272.53

Others (kg) 39.34 84.96 115.99

Table 5. Change of per capita food consumption (kg) in the three countries.

Country Years Cereals Pulses Meat Eggs Milk

Bangladesh 1990 183.44 6.16 2.91 0.64 14.04
2013 189.40 6.55 4.00 2.07 21.83

India
1990 162.46 13.11 3.95 0.23 104.89
2013 145.28 14.09 3.49 0.51 165.39

Myanmar 1990 124.81 5.69 6.45 1.57 24.23
2013 145.80 14.02 53.16 12.95 63.30

During 1990–2013, the per capita consumption of cereals and pulses increased slightly,
but livestock products increased significantly in Bangladesh and Myanmar (Table 5). As a result, the per
capita grain consumption for feed increased by 410.8% and 272.53% in the two countries (Table 4),
which contributed 54.62% and 69.48% to the per capita grain consumption increase, respectively.
The dietary change in India was different. From Table 5, it can be seen that the per capita consumption
of cereals for food decreased by 17.18 kg, and meat decreased by 0.46 kg, while egg and milk
consumptions increased by 0.28 kg and 60.5 kg, respectively. As production of milk required little grain
but more forage [53], in spite of the big increase in milk consumption, the increase of grain consumed
as feed in India was relatively low compared to Bangladesh and Myanmar (Table 4).
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The dietary change was mainly driven by the improvement of gross national income (GNI),
as increased incomes can improve the food purchasing ability and lead to major shifts in demand from
inferior foods towards more varied and higher value foods [54,55]. During 1990–2013, the per capita
GNI in the three countries increased by 2.91, 3.13, and 8.17 times, respectively [56]. The correlation
analysis indicated that the consumption of livestock products per capita (in calories) was significantly
related to the per capita GNI in Bangladesh, India, and Myanmar with correlation coefficients (R2) of
0.962, 0.978, and 0.909, respectively. For the decline in cereal consumption in India with rising incomes,
a well-accepted explanation is that the increased agricultural mechanization has reduced physical
activity and thus calorie requirements [57,58]. The significant increase in milk consumption could also
be a reason for the reduction of grain requirement.

Excepting the increased incomes, religious taboos and the caste system have also greatly
influenced the consumption level and change of livestock product consumption in Bangladesh and
India. Pork has not been allowed in Islam and beef has been forbidden in Hinduism [59], which greatly
restricted the consumption of meats in both countries. The caste system also has great impact on the
food consumption in India, as it plays a role in determining physical and economic access to food [60].
For example, members of the Brahman caste (the highest grade in Indian society) should be vegetarian
but can consume milk and milk products [59]. Although the legal status of the caste system has been
formally abolished, it still plays a very important role in India, especially in rural areas [61].

4.4. Policy Implications

Presently, the dietary level with the energy and protein largely taken from plant foods in the three
countries is lower than the world average. In 2013, about 90% of the calorie intake was from rice in
Bangladesh, while 68% in India and 66% in Myanmar were from cereals. Although the total annual
intake of grains (including cereals and pulses) per capita in Bangladesh, India, and Myanmar (Table 5)
exceeded slightly the world average of 155.57 kg, the daily energy intake from livestock products
was only 64, 154, and 387 kcal, respectively, all lower than the world average of 411 kcal/day [7].
According to FAO estimates, the daily energy intake per capita is 2450 kcal in Bangladesh, 2459 kcal
in India, and 2571 kcal in Myanmar, all lower than the world average of 2884 kcal/day, and 16.4%,
15.2%, and 14.2% of the population were reported as undernourished, respectively, much higher
than the world average of 10.9% [62]. Moreover, 36.1%, 38.4%, and 29.2% of children were reported
being stunted in the three countries, respectively, also higher than the world average of 27.8% [63].
These figures imply that the food supplies are unevenly distributed in the countries, and there is still a
large population without access to sufficient food supply. With population growth that was predicated
to increase by 25, 217, and 6 million in 2030 in Bangladesh, India, and Myanmar, respectively [6],
and with the dietary improvement, total grain demand will continue to increase in the coming decades,
especially in Bangladesh and India. With global warming, the frequency and intensity of droughts
and floods are predicted to increase, and the rising sea level might cause inundation of the productive
lands, resulting in adverse impacts on the food production in the three countries [64–67].

To meet the increasing food demand, the first step should aim to improve crop productivity.
In 2013, the mean crop yield was only 2.94, 2.08, and 2.80 t/ha in Bangladesh, India, and Myanmar,
respectively, about half of that in China. This low yield is mainly due to damage by pests and
diseases, shortages of agricultural machinery and fertilizers, insufficient irrigation and drainage
systems, and poor land management [5,68]. Therefore, there is still a high potential to increase crop
yield to meet the food demand. To exploit this potential, there is a need to further improve the
irrigation and drainage systems, increase rice yield in the dry season, and reduce the damage of
flooding in the rainy season. The rice-based mono-cropping structure widely practiced, particularly
in Bangladesh, could be appropriately diversified by adopting crop rotation systems, which can
reduce the occurrence of pests and diseases and improve soil fertility [69]. In addition, enhancing
the agricultural extension services could be helpful for small-scale farmers to select appropriate
technologies and high-quality seeds, to improve crop management, and to optimize fertilizer and
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pesticide use. The second is to promote the efficient use of the arable land resources. In the three
countries, most arable lands are suitable to grow 2–3 seasons of crops a year, but the cropping index
is rather low at present (Table 3). In Myanmar, a total of 5.7 M ha (about half of the total grain
crop area) of land is currently fallow or unused [70]. Sufficient use of the farmland by increasing
the cropping index should be considered to increase food production. The third is the protection of
arable land resources, particularly in Bangladesh, where arable land losses are rather serious due to
urban land and brickyard occupations. In addition, measures should be developed to prevent the
land from encroachments of sea water that will probably increase with the rising sea level under
global warming. Finally, an appropriate policy for family planning could be important to slow down
the quick population and food demand growth. China has lots of experience in the development of
agricultural irrigation and drainage systems, water-saving irrigation technologies, formula fertilization,
rice seed breeding, and small household-based farming technologies. This experience can be the basis
for seeking agricultural cooperation with the three countries in the Bangladesh–China–India–Myanmar
Economic Corridor initiatives.

5. Conclusions

This study examined the change and trend of food security in Bangladesh, India, and Myanmar
during 1990–2013, and then quantified the contribution of major affecting factors. The main conclusions
are summarized below:

(1) The food security level, i.e., the FSI in Bangladesh, India, and Myanmar, was rather similar, with
the values of 1.02, 1.08, and 1.09 in 2013, respectively. During 1990–2013, the food consumption
was generally met by the production at the national level in Myanmar and India, but it was
in shortage of around 10% in most years before 2008 in Bangladesh. The FSIs all showed a
rather obvious periodic variation and a slightly increasing trend during the period studied.
It was observed that the FSI was obviously improved in Bangladesh and India but decreased in
Myanmar during 2009–2013.

(2) During 1990–2013, the grain production and consumption in the three countries all showed a
significantly increasing trend at a rather similar pace. As a result, the food security level was
not evidently improved, because the increasing grain consumption largely offset the positive
contribution of the grain production increase. In Bangladesh and India, the increase of total
grain production was mainly caused by the improvement of crop yield, and the increase of
grain consumption was mainly driven by the growth of population. In Myanmar, the crop area
expansion was the main contributor to the grain production increase, while the increase of grain
consumption per capita was the main factor in the increase of total grain demand.

(3) To meet the increasing food demand, the emphasis should be put on the promotion of efficient
use of land resources and raising crop yield, by improving the irrigation and drainage systems
and crop management. In addition, the adaptation of appropriate policy for family planning
could be important to slow down the quick population growth and thus the food demand.
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