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eXeCuTIVe SummARy

Food security is defined as “the access for all people at all times to enough food for a health, active life” (FAO, 
1996).  In contrast, food self-sufficiency is defined as being able to meet consumption needs (particularly for 
staple food crops) from own production rather than by buying or importing. 

There is a long-standing debate on whether food self-sufficiency is a useful strategy to achieve food security.  
Supporters of this proposition argue that relying on the market for to meet food needs is a risky strategy because 
of volatility in food prices and possible interruption in supplies.  The opposing view is that it is costly for a house-
hold (or country) to focus on food self-sufficiency rather than producing according to its comparative advantage 
and purchasing some of its food requirements from the market.  This debate is reflected in the evolution of 
food policy in Bhutan.  Early Five-Year Plans (FYPs) called for self-sufficiency in staple foods, while more recent 
FYPs focus on the goal of food security.  This paper examines three questions related to food security and food 
self-sufficiency in Bhutan.

The first question is: Is food self-sufficiency necessary or sufficient for achieving food security or a 
high standard of living in Bhutan?  We address this question by examining geog-level data from the 2000 
Agricultural Census and the 2005 Population Census.  Although there is no direct measure of food secu-
rity, we can examine the relationship between food self-sufficiency and standard of living.  From the 
Agricultural Census, we obtain three measures of food self-sufficiency (per capita rice production, per 
capita maize production, and per capita cereal production) and two measures of food shortages (the 
average number of months a household can meet its food needs from own production and the share of 
households that can meet all their food needs from own production).  From the Population Census, we 
obtain five measures of standard of living: type of roof, type of walls, type of water source, type of toilet, 
and access to electricity. 

The results indicate that per capita cereal production and per capita maize production are positively corre-
lated with the average number of months of food self-sufficiency, but surprisingly there is no correlation 
between per capita rice production and the number of months of food self-sufficiency.  In other words, geogs 
with high per capita rice production are no more likely to have a high percentage of food self-sufficient house-
holds than geogs with low per capita rice production.  The standard of living index is weakly but significantly 
correlated with the average number of months a household can continue to consume food from own produc-
tion and the percentage of households whose own food production lasts the entire year.  However, there is no 
correlation between per capita rice production and the standard of living index. Furthermore, the standard of 
living index is negatively correlated with both per capita maize production and per capita cereal production.  
Thus, these results suggest geogs with high per capita production of cereals are no more likely to be better off 
than those with low per capita production.



xiv

In addition, we examine this question at the household level using the 2007 Bhutan Living Standards 
Survey (BLSS).  The BLSS provides four measures of food security: per capita real value of food consumption, 
non-staples as a share of food consumption, animal products as a share of food consumption, and reported 
number of months per year that the household has sufficient food.

The results indicate that self-sufficiency in food and self-sufficiency in cereals are each negatively corre-
lated with all four indicators of food security.  This means that households that are more self-sufficient in 
cereals and in food in general tend to be less food secure. Rice self-sufficiency is positively correlated with 
food security, although the correlation is relatively weak.  Finally, per capita expenditure, a measure of 
standard of living, is positively correlated with all four measures of food security.  The implication of these 
findings is some households may be forced into food self-sufficiency by lack of market opportunities, but 
encouraging household food self-sufficiency is not a useful strategy for achieving food security or reducing 
poverty.

The second question is: What is the economic impact of alternative measures to achieve rice self-suf-
ficiency?  For this analysis, we use a simple model of rice markets in Bhutan, calibrated to represent 2006 
and plausible assumptions regarding the responsiveness of supply and demand to prices.  According to this 
analysis, the tariff would have to triple domestic rice prices to achieve rice self-sufficiency.  Although rice 
farmers would gain 4.2 billion Nu per year from this policy, rice consumers would lose 6.1 billion Nu because 
the higher rice prices would reduce their purchasing power. 

An alternative approach to achieving self-sufficiency would be to increase rice yields through investments 
in agricultural research and irrigation.  The model was used to simulate the impact of different increases in 
rice yields on markets.  The results indicate that a 110% increase in rice yields would help Bhutan reach rice 
self-sufficiency.  Consumers would neither lose nor benefit, because the rice price would continue to be set 
by international (Indian) prices.  Farmers would gain 1.3 billion Nu their costs of production would decline 
yet the farm gate price remains set by the world price.  Thus, tariff protection is an “easy” way to increase 
self-sufficiency, but the net impact of the policy on the country is negative.  Investment in research and 
development is a slower approach to self-sufficiency but generates benefits for farmers without hurting 
consumers.

The third question is: What is the likely path of rice self-sufficiency over time, given trends in rice area, 
rice yield, population, and income. Currently, demand is growing faster than supply, so rice self-sufficiency 
may decline, but in the longer term changing rice consumption patterns are likely to increase the rice self-
sufficiency ratio.  More specifically, the per capita income in Bhutan is close to the threshold where, based 
on international experience, we expect further increases in income to result in lower per capita consumption 
of rice, as consumers shift to other staples (such as noodles) and non-staple foods. 
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1. InTRoDuCTIon 

1.1 Background 

Food security has been defined in many ways, but one of the more widely accepted definitions is the one provided 
by the 1996 World Food Summit:

Food security exists when all people, at all times, have physical and economic access to sufficient, safe and 
nutritious food to meet their dietary needs and food preferences for an active and healthy life. (FAO, 1996). 

The definition highlights the fact that food security is achieved only when “all people”, particularly the poor, 
have access to sufficient food.  It also emphasizes the fact that food security is a dynamic concept in that access 
to food must be stable over time.  Finally, the phrase “physical and economic access” indicates that food security 
may be assured by producing food or by obtaining it through the market. 

In contrast, food self-sufficiency refers to the ability of a country, region, or household to meet its food needs 
from its own production. Usually, food self-sufficiency is defined in terms of the staple food crops, such as basic 
cereals and root crops. 

There is a long-standing debate on whether food self-sufficiency is a useful strategy to achieve food security.  
Supporters of this proposition argue that relying on the market for to meet food needs is a risky strategy because 
of volatility in food prices and possible interruption in supplies.  Thus, self-sufficiency ensures a reliable supply 
and avoids dependence on outside markets.  The opposing view is that it is costly for a household (or country) 
to focus on food self-sufficiency rather than producing according to its comparative advantage and purchasing 
some of its food requirements from the market. 

This debate is reflected in the evolution of food policy in Bhutan.  The Fifth and Sixth Five-Year Plans (1981-86 
and 1987-92) called for self-sufficiency in staple foods. The Seventh Five-Year Plan (1992-97) called for self-
sufficiency but recognized that it may not be a realistic goal.  The Eighth Five-Year Plan (1997-2002) focused on 
the goal of food security, though it called for the value of agricultural exports to exceed the value of agricultural 
imports.  In 2007, the Bhutan National Food Security Strategy Paper adopted the definition of food security from 
the 1996 World Food Summit, cited above.  In spite of this shift in policy emphasis from food self-sufficiency to 
food security, some continue to favor the concept of food self-sufficiency. The Ministry of Agriculture and Forests 
is occasionally criticized for not pursuing more actively the goal of food self-sufficiency, particularly in the case 
of rice.  Furthermore, the dramatic spike in world food prices in 2007-08 has sparked concern about the risks 
associated with relying on food imports and renewed interest in the topic of food self-sufficiency. 

In Bhutan, food self-sufficiency usually refers to either cereal self-sufficiency or rice self-sufficiency.  Bhutan is 
already self-sufficient in maize and several minor grains.  Although Bhutan imports about two-thirds of its wheat 
requirements, wheat plays a relatively minor role in the diet. 

As shown in Table 1, in 2006 Bhutan produced an estimated 74 thousand tons of paddy, equivalent to 49 
thousand tonnes of milled rice.  The same year, Bhutan imported 52.1 thousand tonnes, which implies a self-
sufficiency ratio of 49%1.  Overall cereal production in 2006 was 143 thousand tonnes, while cereal imports were 
62 thousand tonnes, yielding a cereal self-sufficiency ratio of 70%.  However, cereal production and imports vary 
substantially from year to year, so the self-sufficiency ratio does as well. 

1 Some calculations take into account seed and other uses of domestic rice production.  If we assume these are 10% of production, then 
the self-sufficiency ratio falls to 46%.
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Table 1.  Cereal production, imports, and self-sufficiency

2000 2003 2006 2007 2008

Production (thousand MT)

  Rice 45.3 30.2 49.1 49.8 51.8
  Maize 77.3 49.7 71.1 61.8 66.8
  Wheat 4.4 4.7 9.6 8.87 5.6
  Other cereals 8.4 6.1 13.4 21.7 12.2
  Total cereals 135.4 90.7 143.1 142.2 136.4

Imports (thousand MT)

  Rice 33.7 54.9 52.1 46.5 52.2
  Wheat 8.9 31.4 10.4 8.7 1.7

Self-sufficiency ratio (%)

  Rice 57% 35% 49% 52% 50%
  Cereals 76% 51% 70% 72% 72%

Source:  MOA, 2008 and data from the Agricultural Marketing 
Service, Ministry of Agriculture.

1.2 Objectives

The objective of this report is to explore the relationship between food security and food self-sufficiency.  This 
objective is divided into three questions. 

First, how strong is the relationship between food self-sufficiency and food security in Bhutan?  More specifi-
cally, is staple-food self-sufficiency associated with better access to food and higher standards of living in Bhutan?  
If so, this would support the argument that the Ministry of Agriculture should promote food self-sufficiency.  If 
not, it would suggest that food self-sufficiency should be given a lower priority. 

Second, what would it take, in terms of price increases and/or yield improvement, to achieve rice self-
sufficiency and what would be the impact on different types of households in Bhutan?  With regard to price 
increases, we are interested in estimating the tariff protection that would be necessary to reach higher levels of 
rice self-sufficiency and what the effect of these policies would be on rice producers and rice consumers. Clearly, 
the cost and distributional impact of these policies have implications for rice policy in Bhutan. 

Third, given current trends in rice area, yields, population, and income, what is the likely path of rice self-
sufficiency over the next few decades?  Because of the uncertainty associated with making forecasts, we present 
a range of self-sufficiency estimates, based on different assumptions about these trends. 

1.3 Organization of the paper 

This report is organized around three research questions posed above.  Section 2 examines whether food self-
sufficiency is associated with food security or standard of living using geog-level data from the 2000 Agricultural 
Census. More specifically, it explores whether geogs that are more self-sufficient have fewer food shortages and 
are better off than others.  The analysis also explores the spatial patterns in food self-sufficiency, food security, 
and standards of living. 

Section 3 also explores the relationship between food self-sufficiency, food security, and standard of living, 
but using household data from the 2007 Bhutan Livings Standards Survey.  It explores the characteristics that 
distinguish food self-sufficient households in rural areas from others. 
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In Section 4, the paper focuses on the second research question, the impact of alternative rice self-sufficiency 
policies on rice markets and Bhutanese households.  We develop a simple model of rice markets in Bhutan and 
use it to simulate the impact of higher yields and rice import tariffs on rice prices, production, consumption, and 
the income of rice farmers and rice consumers. 

Section 5 focuses on the third question: what is the likely path of rice self-sufficiency over the coming decades 
given current trends in rice area, yield, population, and income.  Sensitivity analysis is used to explore the effect 
of alternative assumptions on the path of rice self-sufficiency. 

Finally, Section 6 summarizes the findings and discusses the implications for food security policy in Bhutan.  
This section also describes some limitations of the analysis and identifies areas for further research. 

2.  FooD SeCuRITy AnD FooD SelF-SuFFICIenCy AT The geog 
leVel 

In this section, we explore the relationship between food self-sufficiency, food security, and standard of living at 
the geog level using geog-level data from the 2000 Agricultural Census. We use this data set because it collected 
information on a wider range of indicators than the 2005 Agricultural Census. 

2.1 Data 

The 2000 Agricultural Census was implemented by the Ministry of Agriculture under the guidance of a steering 
committee with representatives from the Central Statistical Organization and other Ministries. Teams of enumer-
ators attempted to interview every household involved in crop production, livestock raising, and forestry activi-
ties.  The data collection took place over three months, though a second round of interviews was carried out to 
increase the coverage.  In the end, 87% of the agricultural households in Bhutan were interviewed, the remainder 
being unavailable due to migration, pilgrimage, or other reasons.  The questionnaire covered a wide range of 
topics including land use, crop production, input use, livestock production, forestry production, marketing, agri-
cultural constraints, food-grain security, and accessibility. 

This analysis uses three measures of staple-food self-sufficiency, each calculated at the geog level:
Rice production per person• 
Maize production per person• 
Cereal production per person• 

We also make use of two geog-level measures of food shortages collected by the Census:
The average number of months that the household can meet its food needs based on its own food • 
production. 
The percentage of households that are able to meet their own food needs based on own production • 
for the entire year. 

And we use five indicators of the standard of living of the geog: 
The percentage of households with “modern” lighting, defined as being powered by electricity (from • 
the grid, solar, or a generator) or liquid propane gas.
The percentage of households whose roof is made of metal, wood, slate, or concrete.• 
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The percentage of households with a flush toilet or internal latrine. • 
The percentage of households with a piped water source. • 
The percentage of households with a concrete or dried-mud wall.• 

From these five indicators, we calculate an overall measure of the standard of living, which we call the 
housing quality index.  It is calculated as a simple average of the five indicators listed above. 

It should be noted that none of these indicators measures food security in the sense of “physical and economic 
access to … food”.  The two food shortage variables come close, but in the Agricultural Census they were defined 
in terms of the availability of food from own production, rather than access to food from any source. 

2.2 Results

The descriptive statistics for the 11 indicators described above is provided in Table 2.  Rural households have 
enough food from their own production to feed themselves for almost 10 months, on average.  However, there 
is substantial variation across geogs: in one, the average household does not even produce enough food to last 
one month (Laya in Gasa), while in another (Naro in Thimphu) all household report being able to supply their 
food requirements all year. 

Overall, 42% of rural households report producing enough food to last 12 months.  The other 58% obtain 
food for at least part of the year from purchases and labor exchange. This figure varies from less than 5% in 
Merac (Trashigang) and Laya (Gasa) to 100% in Naro (Thimphu). 

According to the 2000 Agricultural Census, Bhutan produces 67 kg of rice and 114 kg of maize per person 
in the rural areas. Total cereal production is 211 kg per rural inhabitant.  Several geogs report no production of 
cereals, including Lunana (Gasa) and three geogs in Thimpu. 

Nationally, 76% of rural houses have “good” roofs, defined as those made of concrete, metal, slate, or wood.  
The percentage of houses with concrete or dried mud walls is 63% across all rural areas.  About 44% of rural 
households have a “good” source of lighting, meaning some form of electricity or gas.  Finally, 78% of rural 
households get water from an indoor or outdoor tap, but only 22% have a “good” toilet, defined as a flush 
toilet or indoor latrine.  An overall housing quality index is constructed by calculating the simple average of all 
five indicators.  The housing quality index is used as a rough measure of the standard of living of the geog.  The 
average value of the indicator is 54%, but it varies from less than 7% in Goshing (Zhemgang) and Denchukha 
(Samtse) to 85% in Wangchang (Paro). 

The five measures of food self-sufficiency are shown in Table 3 for each dzongkhag.  Per capita rice produc-
tion is highest in Punakha, followed by Sarpang, Tsirang, and Wangdue.  In contrast, per capita rice production 
is quite low in Bumthang and Pemagatchel. The pattern for maize is quite different, with the highest production 
per capita in eastern dzongkhags such as Samdrup Jongkhar, Pemagatchel, and Mongar.  The dzongkhags with 
the highest cereal production per capita are dominated by those with high rice or maize output, such as Samdrup 
Jongkhar, Pemagatchel, and Punakha. 

There is little variation in the dzongkhag-level average number of months households can consume from 
their own food production, though it is somewhat higher in the maize-growing eastern dzongkhags of Mongar 
and Lhuentse, and lowest in the sparsely-populated northern dzongkhag of Gasa.  Mongar and Lhuentse also 
have the highest percentage of rural households that produce enough for 12 months of consumption, while the 
lowest percentages are found in Samtse, Chhuka, Ha, and Gasa. 
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Table 3.  Indicators of food self-sufficiency by dzongkhags 

Rice production 
per capita

Maize production 
per capita

Cereal production 
per capita

Average months 
of own food

Percent of households 
with enough own food

Bumthang 2 3 86 9.3 31

Chhukha 20 35 80 8.9 23

Dagana 91 127 247 9.4 35

Gasa 48 0 102 5.5 27

Ha 13 12 93 9.1 26

Lhuentse 95 154 267 11.0 58

Mongar 20 256 295 11.2 66

Paro 62 0 85 9.4 40

Pemagatshel 3 291 335 10.2 41

Punakha 260 13 306 10.5 56

Samdrup Jongkhar 43 321 412 10.8 57

Samtse 62 50 133 9.1 15

Sarpang 133 99 258 9.3 39

Thimphu 75 3 96 9.1 43

Trashigang 38 220 270 10.7 56

Trongsa 73 34 149 10.3 40

Tsirang 122 97 247 8.9 30

Wangdue 116 4 175 10.4 48

Yangtse 81 188 301 10.8 57

Zhemgang 47 136 200 10.4 43

Total 67 114 211 9.9 42

Source: 2000 Agricultural Census.

Table 2.  Descriptive statistics of indicators

Variable N Mean std. Dev. Min Max

Months of food 199 9.9 1.2 0.9 12.0

% households with enough food 199 42 21.0 2.7 100.0

Rice production per capita 200 67 71.3 0.0 497.2

Maize production per capita 200 114 128.9 0.0 699.5

Cereal production per capita 200 211 134.2 0.0 789.5

% households with good roof 200 76 19.9 10.2 100.0

% households with good walls 200 63 19.1 3.2 95.6

% households with good lighting 200 44 33.0 0.0 98.6

% households with good water 200 78 15.2 8.7 97.7

% households with good toilet 200 22 16.2 0.0 89.5

Housing quality index 200 57 15.4 6.5 85.0

Source: 2000 Agricultural Census. 
Note:  The mean is the weighted average of the geog averages, with the weights proportional to the number of households in each 

geog.  Thus, the figures presented here are the averages across all households in the Census.
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At the geog level, it is easier to show the patterns using maps.  Figure 1 shows the pattern of rice production 
per capita at the geog level.  The darker greens represent higher per capita rice production, while the lighter 
greens indicate lower per capita rice production.  It is clear that per capita rice production is highest in the west-
central region, although there are geogs in the south and in the northwest with high levels as well.  Per capita 
rice production is lowest in the north, where the cool climate reduces rice yields, and in the east, where maize 
is the dominant staple. 

Figure 2 illustrates the level of per capita maize production.  Again, darker colors represent higher levels.  Per 
capita maize production is clearly highest in the eastern geogs and, to a lesser extent, in the south.  It is lowest 
in the north-central, northwest, and western regions of Bhutan. 

Figure 3 demonstrates the spatial patterns in per capita cereal production.  Although it includes wheat, 
barley, and other minor cereals, the pattern is dominated by rice and maize.  The high per capita cereal produc-
tion in the west-central area is undoubtedly reflecting rice-growing areas, while the high levels in the east and 
south are associated with maize-growing zones. 

Figure 4 presents the patterns in the percentage of households who report that they have enough grain from 
own production to last until the next harvest.  The percentage is over 60% in most of the geogs in the eastern 
zone, but generally lower in most of the geogs in the central and western zones.  The lowest percentages are 
found in the southwestern and south-central geogs. 

Figure 5 shows the pattern of an index of housing quality from the Population Census.  According to this map, 
housing quality is highest in the western zone, including the cities of Thimphu and Paro and their surrounding 
areas.  There are some geogs in the central and western regions that also have relatively high-quality housing.  
The geogs with the lowest average housing index tend to be along the southern border. 

Figure 1.  Map of rice production per capita by geog

Per capita rice production
115 − 497
64 − 115
17 − 64
0 − 17

Source:  Analysis of data from the 2000 Agricultural Census and the 2005 Population Census.
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Figure 2.  map of maize production per capita by geog

Per capita maize production
179 − 699
76 − 179
9 − 76
0 − 9

Source:  Analysis of data from the 2000 Agricultural Census and the 2005 Population Census.

Figure 3.  Map of cereal production per capita by geog

Per capita cereal production
293 − 790
228 − 293
131 − 228
0 − 131

Source:  Analysis of data from the 2000 Agricultural Census and the 2005 Population Census.
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Figure 4.  map of the percentage of households with enough own food

% households without food shortages
60 − 100
42 − 60
26 − 42
3 − 26
No data

Source:  Analysis of data from the 2000 Agricultural Census.

Figure 5.  map of housing quality index by geog

Housing quality index
65 − 85
55 − 65
44 − 55
7 − 44

Source:  Analysis of data from the 2005 Population Census.
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Having considered the patterns in each indicator separately, we turn attention to the correlation between 
pairs of variables2.  Table 4 shows the correlation coefficients for the food self-sufficiency indicators, with 
asterisks indicating relationships that are statistically significant3.  Not surprisingly, there is a strong, posi-
tive, and statistically significant relationship (0.80) between the average number of months of own food 
and the percentage of households with enough own food for 12 months of consumption. Similarly, it is not 
surprising that there is a strong and statistically significant relationships between cereal production and 
maize production (0.75) and a moderately strong and statistically significant relationship between cereal 
production and rice production (0.43).  The relationship between rice and maize production is negative, 
suggesting that geogs with high per capita production of rice have low per capita production of maize, and 
vice versa. 

The relationship between cereal production and maize production on the one hand and the average number 
of months of own food is moderately strong and statistically significant.  This is also true for the percentage of 
households that have enough food from own production for the full year.  Somewhat surprisingly, there is no 
relationship between per capita rice production and months of own food, nor between per capita rice produc-
tion and the percentage of households with enough food from own production.  In other words, geogs with high 
per capita rice production are no more likely to have a high percentage of food self-sufficient households than 
geogs with low per capita rice production. 

Table 4.  Correlation among indicators of food self-sufficiency 

Months of food
% with enough 

food
Rice production 

per capita
Maize production 

per capita
Cereal production  

per capita

Months of own food 1.00*

% with enough own food 0.80* 1.00*

Rice production per capita 0.06* 0.09* 1.00*

Maize production per capita 0.40* 0.40* -0.22* 1.00*

Cereal production per capita 0.38* 0.39* 0.43* 0.75* 1.00*

Source:  Analysis of data from the 2000 Agricultural Census.

The indicators of housing quality, which we use as an estimate of the standard of living, are generally 
highly correlated with each other, as shown in Table 5.  For example, the correlations between having a 
good roof and having good walls, lighting, and water source are over 0.50 and statistically significant.  The 
other correlation coefficients are generally statistically significant and in the range of 0.25 and 0.46.  The 
only correlation that is not statistically significant is that between having good walls and having a good 
toilet. 

The last row of the table shows that the housing quality index, an average of the five housing indicators, is 
closely correlated with each one of them.  All five coefficients are statistically significant and above 0.50.  We use 
the housing quality index as an estimate of the standard of living of the geog. 

2 A correlation close to 0.0 indicates no relationship between the two variables, while a correlation of 1.0 indicates a exact linear rela-
tionship between the two.  A negative coefficient implies a negative relationship between the two.  
3 More specifically, they indicate a statistically significant relationship at the 5% level, which means there is only a 5% probability that a 
random pattern in the two variables (where there is actually no relationship between them) could result in a correlation this high.
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Table 5.  Correlation among indicators of standard of living 

% with good 
roof

% with good 
walls

% with good 
lighting

% with good 
water

% with good 
toilet

Housing quality 
index

% households with good roof 1.00* 

% households with good walls 0.55* 1.00*

% households with good lighting 0.61* 0.35* 1.00*

% households with good water 0.52* 0.30* 0.40* 1.00*

% households with good toilet 0.26* -0.12* 0.46* 0.40* 1.00*

Housing quality index 0.84* 0.60* 0.85* 0.69* 0.52* 1.00*

Source:  Analysis of data from the 2000 Agricultural Census.

Having considered the self-sufficiency indicators and the housing indicators separately, we now consider 
the correlation between the food self-sufficiency indicators and the housing quality index, a measure of the 
standard of living of the geog (see Table 6).  The housing quality index is weakly but significantly correlated 
with the average number of months a household can continue to consume food from own production and the 
percentage of households whose own food production lasts the entire year.  However, there is no correlation 
between per capita rice production and the housing index. Furthermore, the housing quality index is negatively 
correlated with both per capita maize production and per capita cereal production.  Thus, these results suggest 
geogs with high per capita production of cereals are no more likely to be better off than those with low per 
capita production. 

Table 6.  Correlation between indicators of self-sufficiency and standard of living

Housing quality index

Months of own food 0.15*

% with enough own food 0.26*

Rice production per capita 0.04*

Maize production per capita -0.24*

Cereal production per capita -0.22*

Source:  Analysis of data from the 2000 Agricultural Census.

3.  FooD SeCuRITy AnD FooD SelF-SuFFICIenCy AT The houSe-
holD leVel

In this section, we analyze the relationship between food security and food self-sufficiency at the house-
hold level using the 2007 Bhutan Living Standards Survey (BLSS).  The survey data provides a number of 
indicators of each, allowing us to examine the degree to which food self-sufficient households are food 
secure. 
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3.1 Data

The 2007 Bhutan Living Standards Survey was carried out by the National Statistical Bureau (NSB).  The survey 
used a stratified random sample of 9,798 households, including 2,942 urban and 6,856 rural households. The 
questionnaire collected information on household members, housing, land and other assets, occupation, educa-
tion, health, quantity and value of food consumption, and value of non-food consumption. 

From the BLSS data, we calculate three indicators of food self-sufficiency: 
Home-produced food as share of all food consumed • 
Home-produced cereals as a share of all cereals consumed• 
Home-produced rice as a share of all rice consumed • 

And the BLSS provides four measures of food security: 
Per capita real value of food consumption • 
Non-staples as a share of food consumption• 
Animal products as a share of food consumption• 
Reported number of months per year that the household has sufficient food• 

In addition, we can consider the relationship of both types of indicators to the measure of general well being: 
real per capita consumption expenditure, including value of home-produced food and non-food goods. 

3.2 Results

The average values of the measures of self-sufficiency, food security, and standard of living in urban and rural 
areas are shown in Table 7.  Rural households produce, on average, 41% of the value of the food they consume, 
45% of the cereals they consume, and 37% of the rice they consume.  As expected, the urban figures are much 
lower, while the national averages lie between the two.  These figures are lower than the national self-sufficiency 
figures in Table 1 because of different definitions of self-sufficiency. Self-sufficiency in Table 1 is calculated as 
production as a percentage of consumption.  In this table, however, we calculate self-sufficiency as home-
production as a percentage of consumption, which is necessarily smaller.

Turning to the four measures of food security, rural areas report per capita food expenditure (including the 
value of home production) of Nu 1,103, significantly lower than the figure in for urban households. With rural 
food expenditures, non-staples account for 86% of the total, while animal products represent 39%.  The propor-
tions in urban areas are only slightly higher.  Finally, rural households report that they have sufficient food an 
average of 11.45 months per year, while urban household report an average of 11.95 months. 

In rural areas, per capita expenditure, the standard measure of standard of living, is Nu.2,035 per year.  This is 
less than half the value of per capita expenditure in urban areas, reflecting the gap in standard of living between 
urban and rural areas. Although large, the gap is fairly typical for developing countries. 

The correlation between the self-sufficiency indicators and the food security indicators is shown in Table 8. 
Food self-sufficiency is negatively correlated with all four indicators of food security.  Similarly, self-sufficiency 
in cereals is negative correlated with all four food security measures. This means that households that are 
more self-sufficient in cereals and in food in general tend to be less food secure, as measured by the value of 
food consumption, the share of non-staples, the share of animal products, and the number of months with 
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sufficient food. Rice self-sufficiency is positively correlated with food security, although the correlation is 
relatively low. 

Finally, per capita expenditure, a measure of standard of living, is positively correlated with all four measures 
of food security.  There is a particularly strong relationship between per capita expenditure and per capita food 
expenditure. 

Table 8.  Correlation of self-sufficiency indicators and food security indicators among rural 
households

Food security indicators

Per capita food
expend.

Share of  non- 
staples in food

Share of animal
products in food

Months with 
sufficient food 

Food self-sufficiency -0.19 -0.18 -0.21 -0.11

Cereal self-sufficiency -0.18 -0.24 -0.26 -0.12

Rice self-sufficiency 0.05 0.16 0.15 0.07

Per capita expenditure 0.72 0.13 0.18 0.14

Source: Analysis of data from the 2007 BLSS.

4.  InCReASIng RICe SelF-SuFFICIenCy: oPTIonS, CoSTS, AnD 
BeneFITS

This section uses a simple model of rice markets in Bhutan to explore the options for increasing rice self-
sufficiency.  First, we consider the increases in production that would be necessary to reach different levels 
of rice self-sufficiency.  Then, we consider the import tariffs that would be necessary to reach different 
levels of rice self-sufficiency, as well as the impact of these tariffs on rice prices, consumer income, and rice 
producer income. 

Table 7.  Average values of measures of self-sufficiency, food security, and standard of living 

Rural Urban Overall

Food self-sufficiency (%) 41% 9% 32%

Cereal self-sufficiency (%) 45% 7% 33%

Rice self-sufficiency (%) 37% 8% 28%

Per capita food expenditure (Nu/month)   1,103   1,851   1,328 

Share of non-staples in food (%) 86% 87% 86%

Share of animal products in food (%) 39% 40% 40%

Months with sufficient food (months) 11.45 11.95 11.60

Per capita expenditure (Nu/month)   2,035   4,403   2,748 

Source: Analysis of data from the 2007 BLSS.
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4.1 Description of rice model

The analysis is based on a spreadsheet-based, one-commodity model of rice market in Bhutan.  It is calibrated 
to represent 20064.  It is based on data on rice production, rice imports, and the domestic price of rice.  It is also 
necessary to make informed assumptions about two parameters:

The price elasticity of demand for rice.  This is the percentage change in rice consumption given a one • 
percent increase in rice prices. 

The price elasticity of rice supply.  This is the percentage change in rice production for each one • 
percent increase in rice price. 

For these simulations, we assume that the price elasticity of demand is -0.3, meaning that a 10% increase in the 
price of rice would result in a 3% reduction in domestic rice consumption.  This elasticity is based on an estimate of 
the elasticity of demand for rice in Bhutan carried out as part of this project (see Minten and Dukpa, 2010).

The simulations also assume that the medium-term price elasticity of rice supply is 0.3, implying that a 10% 
increase in the price of rice would cause a 3% increase in rice production with a few years.  This is similar to rice 
supply elasticities estimated for other Asian countries. 

Rice markets in Bhutan can be represented graphically, as shown in Figure 6.  The solid blue line represents 
the supply of rice.  As the price (on the vertical axis) increases, the quantity farmers are willing to produce in 
a year (on the horizontal axis) rises as well.  The solid red line represents the demand for rice.  As the price 
increases, the quantity of rice people choose to consume declines.  The solid green line represents the price of 
imported rice, including the cost of transport, handling, and trader profits.  At that price, farmers are willing to 
produce about 50 thousand tonnes, while consumption is around 100 thousand tonnes, which is the current 
situation.  Below, we discuss two options for achieving rice self-sufficiency in Bhutan. 

4.2 Increasing rice self-sufficiency by import protection

The first option for pursuing rice self-sufficiency is import protection5.  If Bhutan raised trade barriers in the 
form of higher tariffs on imported rice, this would raise the domestic price of rice, thus providing an incentive 
to farmers to expand rice production as well as motivating consumers to consume less rice.  Clearly, this would 
benefit rice farmers, while hurting rice consumers.  Rice farmers benefit both from the higher price and from 
the fact that they expand production in response to the higher price.  Rice consumers would try to compensate 
for the reduced rice consumption by increasing their intake of other staple foods (such as potatoes, maize and 
wheat products, and other grains), but they would still be hurt by the higher rice prices. 

The rice model allows us to estimate the effect of a given tariff rate on rice production, rice consump-
tion, and the self-sufficiency ratio, as well as the economic impact of the change on farmers and consumers.  
Figure 6 shows the effect of different tariffs in a graph, while Table 9 gives the quantitative results.  A 25% 
import tariff on rice would raise the domestic price of rice, as shown in the dashed green line in Figure 6.  
Rice production expands 7% over the course of a few years, and rice consumption falls 6%, thus reducing 
imports by 19%.  These changes would cause the rice self-sufficiency ratio to rise from 49% to 55%.  The 

4 Although we have the necessary data to calibrate the model to the situation in 2007 or 2008, but these represent atypical years be-
cause of the global food crisis.
5 Although it is outside the scope of this paper, Bhutan is constrained from raising rice tariff too much by international trade agree-
ments.
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annual benefits to rice farmers would be about Nu 385 million, but the annual costs to rice consumers 
would be Nu 741 million.  Even after considering the tariff revenue, the annual cost to Bhutan would be 
Nu 38 million. 

A 50% rice import tariff would reduce the volume of rice imports by 34% increase the rice self-sufficiency 
ratio to 62%.  Even a doubling of the domestic price of rice, with a 100% import tariff, would not result in rice 
self-sufficiency.  Rice imports would decline substantially (58%), but Bhutan would be producing about three-
quarters (74%) of the rice consumed in the country. 

According to the rice model, the rice import tariff would have to be 235% in order to achieve rice 
self-sufficiency.  In this case, rice consumption would decline 34% and rice production would expand by 
40%.  This combination would allow domestic rice production to meet the (now lower) domestic demand 
for rice, thus eliminating the need for rice imports. The benefits to rice farmers would be Nu 4.2 billion 
per year, but this is far outweighed by the costs to consumers of Nu 6.1 billion.  There is no tariff revenue 
because there are no rice imports, so the net cost to the Bhutanese economy is Nu 1.8 billion (see Figure 
6 and Table 9). 

Figure 6.  Rice markets with different import tariffs
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Table 9.  Impact of different import tariffs on rice markets

Rice import tariff

Results  Base 25% 50% 100% 200% 235%

Production (1000 tons)   49,091   52,488   55,438   60,434   68,249   70,485 

Consumption (1000 tons)   101,202   94,652   89,616   82,208   72,794   70,485 

Imports (1000 tons)   52,111   42,164   34,177   21,774   4,545  - 

Tariff revenue (million US$)  -   7.09   11.50   14.65   6.12  - 

Autarky price (US$/ton)   2,248   2,248   2,248   2,248   2,248   2,248 

Price (US$/ton)   673   842   1,010   1,346   2,019   2,248 

Price (Nu/ton)   30,300   37,871   45,443   60,585   90,870   101,178 

Self-sufficiency ratio 49% 55% 62% 74% 94% 100%

Change in consumer surplus (million Nu) -741 -1,445 -2,777 -5,269 -6,084

Change in producer surplus (million Nu) 385 769 1,538 3,076 3,600

Change in CS and PS (million Nu) -357 -676 -1,239 -2,193 -2,485

Change in tariff revenue (million Nu) 319 518 659 275 0

Net impact (million Nu) -38 -158 -580 -1,918 -2,485

Change in production (%) 7% 13% 23% 39% 44%

Change in consumption (%) -6% -11% -19% -28% -30%

Change in imports (%) -19% -34% -58% -91% -100%

Change in price (%) 25% 50% 100% 200% 234%

It should be noted that substitution effects would partially offset the effect of rice self-sufficiency on 
the trade balance.  More specifically, consumers would respond to the higher rice price by purchasing more 
wheat and potatoes, which would probably increase wheat imports and reduce potato exports to some 
degree.  Likewise, the 40% expansion of rice production may occur at the expense of some export crops or 
crops that compete with imports.  Both of these would reduce the effect of rice self-sufficiency on the overall 
trade balance. 

4.3 Increasing rice self-sufficiency by technological improvement 

The second option for achieving rice self-sufficiency is improving rice productivity.  If Bhutan increased its 
investment in agricultural research and extension, as well as irrigation, improvements in rice productivity 
would increase domestic rice production and move the country toward rice self-sufficiency.  Because rice 
is a tradable good, increases in domestic production would not affect the price of rice, which is largely 
determined by the Indian price and the cost of transportation and marketing.  The expansion in domestic 
rice production would replace imports, but it would not affect the price of rice or the amount consumed.  
Thus, the benefits of productivity increases would go to rice farmers alone, with consumers being unaf-
fected.  In contrast, productivity increases in a non-tradable commodity such as maize would be shared 
between maize farmers (who benefit from lower costs of production) and consumers (who benefit from 
lower prices).
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In order to quantify the effects of rice yield increases on production, imports, rice self-sufficiency, and farmer 
welfare, we turn to the rice model.  Figure 7 shows a graph of rice supply (the solid blue line), rice demand (the 
solid red line), and the price of imported rice (including transportation and marketing costs).  If investments in 
rice productivity generate yield increases of 25%, the supply curve would shift to the right, indicating that at the 
same price, farmers are willing and able to offer more rice. 

Table 10 provides more detail on the effect of different levels of productivity increase.  A 25% increase in 
rice yields increases the rice self-sufficiency ratio from 49% to 61% and generates Nu 286 million in benefits for 
farmers.  As noted above, there is no impact, positive or negative, on consumers, because the domestic price is 
determined by the cost of imported Indian rice. 

A 50% increase in rice yields leads to 73% rice self-sufficiency and provides Nu 572 million in benefits 
to farmers.  Increase in rice yields of 75% and 100% lead to greater self-sufficiency and larger benefits to 
farmers.  When the yield increase is 110%, Bhutan achieves full rice self-sufficiency, producing more than 
100 thousand tonnes, sufficient to meet domestic demand for rice.  The benefits to farmers are Nu 1.26 
billion and, since there are no benefits or costs to consumers, this is also the net benefit to the country as a 
whole. 

Figure 7.  Rice markets with different yield increases 
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Table 10.  Impact of different yield increases on rice markets

Yield increase

Results  Base 25% 50% 75% 100% 110%

Production (1000 tons)   49,091   61,364   73,637   85,909   98,182   103,091 

Consumption (1000 tons)   101,202   101,202   101,202   101,202   101,202   101,202 

Imports (1000 tons)   52,111   39,838   27,566   15,293   3,020  - 

Tariff revenue (million US$)  -  -  -  -  -  - 

Autarky price (US$/ton)   2,248   2,248   2,248   2,248   2,248   2,248 

Price (US$/ton)   673   673   673   673   673   673 

Price (Nu/ton)   30,300   30,300   30,300   30,300   30,300   30,300 

Self-sufficiency ratio 49% 61% 73% 85% 97% 100%

Change in consumer surplus (million Nu) 0 0 0 0 0

Change in producer surplus (million Nu) 286 572 858 1,144 1,259

Change in CS and PS (million Nu) 286 572 858 1,144 1,259

Change in tariff revenue (million Nu) 0 0 0 0 0

Net impact (million Nu) 286 572 858 1,144 1,259

Change in production (%) 25% 50% 75% 100% 110%

Change in consumption (%) 0% 0% 0% 0% 0%

Change in imports (%) -24% -47% -71% -94% -100%

Change in price (%) 0% 0% 0% 0% 0%

4.4 Options for reaching 65% rice self-sufficiency

The government has set a goal to reach 65% rice self-sufficiency by 2013.  In this section, we explore the 
effect of alternative strategies for reaching this target.  More specifically, we use the rice model to simulate 
the impact of different combinations of yield increases and rice import tariffs that would achieve 65% rice 
self-sufficiency and estimate the impact of each scenario on rice farmers, consumers, government revenue, 
and Bhutan as a whole. 

The results of these simulations are presented in Table 11.  The first column of figures gives the base 
scenario, which assumes no change in rice yields and no rice import tariff.  In this scenario, the rice self-
sufficiency rate is 49%, implying that about half of the rice consumed in Bhutan is produced locally and half 
is imported. 

The first scenario assumes that Bhutan does not impose a rice import tariff and attempts to achieve 65% rice 
self-sufficiency entirely through higher rice productivity.  According to the model, a 33% increase in rice yields 
would be enough to reach this target.  Furthermore, it would generate Nu 378 million in annual benefits for rice 
farmers without having any adverse effect on consumers, who continue to pay the same price for rice.  Thus, the 
net impact to Bhutan is a gain of Nu 378 million per year. 

In scenario 2, the import tariff is raised to 15%, which increases the domestic price of rice and motivates 
farmers to expand output.  As a result, the necessary yield increase is just 23%.  The annual benefits to farmers 
are larger, Nu 518 million, and the annual tariff revenue is Nu 155 million.  However, these are offset by additional 
costs to consumers of Nu 450 million per year.  As a result, the net impact of the strategy is to create benefits of 
Nu 222 million, less than the net impact of scenario 1. 
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In scenario 3, the import tariff is set at 30%.  Because the incentives for expanded production are greater 
than in scenario 2, the yield increase necessary to reach 65% rice self-sufficiency is just 15%.  The benefits to 
farmers from higher prices and higher productivity is greater than in scenario 2, as is the tariff revenue generated 
by this option.  However, the higher tariff leads to higher rice prices, which impose a larger burden on consumers 
as well.  The net impact of this option is Nu 82 million, less than the first two scenarios.

Scenario 4 involves a rice import tariff of 45%.  With this high tariff, an 8% increase in rice yields is sufficient 
to reach 65% rice self-sufficiency.  Again, the producer surplus and the tariff revenue are higher than in the 
previous scenario, but so is the cost to consumers.  In this scenario, the net impact of the policy, relative to the 
base scenario, is negative.

In scenario 5, the target 65% rice self-sufficiency ratio is reached entirely by an import tariff of 61%.  The 
gains to rice farmers and the tariff revenue are the highest among all five scenarios, but the cost to consumers is 
also the highest.  The net impact of this strategy is an annual cost of Nu 194 million because the tariff raises the 
domestic price 61%, which imposes high costs on rice consumers. 

In summary, Table 11 suggests that raising rice yields 33% would achieve the medium-term target of 65% rice 
self-sufficiency, as would a rice import tariff of 61%.  However, the strategy of increasing yields generates positive 
impact of Nu 378 million per year (all of which go to rice farmers), while the import protection strategy imposes 
a negative impact of Nu 194 million per year (benefits to farmers are more than offset by consumer losses due 
to higher rice prices). 

 
Table 11.  Impact of alternative strategies for achieving 65% rice self-sufficiency

Scenario Base 1 2 3 4 5

Yield increase 0% 33% 23% 15% 8% 0%

Import tariff 0% 0% 15% 30% 45% 61%

Production (1000 tons)   49,091   65,291   62,966   61,076   59,267   56,627 

Consumption (1000 tons)   101,202   101,202   97,048   93,545   90,531   87,734 

Imports (1000 tons)   52,111   35,911   34,082   32,469   31,264   31,106 

Tariff revenue (million US$)  -  -   3.44   6.56   9.47   12.77 

Autarky price (US$/ton)   2,248   2,248   2,248   2,248   2,248   2,248 

Price (US$/ton)   673   673   774   875   976   1,084 

Price (Nu/ton)   30,300   30,300   34,843   39,386   43,928   48,774 

Self-sufficiency ratio 49% 65% 65% 65% 65% 65%

Change in consumer surplus (million Nu) 0 -450 -885 -1,306 -1,745

Change in producer surplus (million Nu) 378 518 672 830 977

Change in CS and PS (million Nu) 378 67 -213 -477 -769

Change in tariff revenue (million Nu) 0 155 295 426 575

Net impact (million Nu) 378 222 82 -51 -194

Change in production (%) 33% 28% 24% 21% 15%

Change in consumption (%) 0% -4% -8% -11% -13%

Change in imports (%) -31% -35% -38% -40% -40%

Change in price (%) 0% 15% 30% 45% 61%
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5. PRojeCTIonS oF RICe SelF-SuFFICIenCy 
In section 4, we examine the impact of attempts to achieve rice self-sufficiency by technological improve-
ment and by import protection.  One limitation of that analysis is that it does not take into account the time 
required to increase productivity.  Raising rice yields requires investments in agronomic research, exten-
sion, and irrigation which could take a decade or more to be realized.  During this time, rice demand will 
have increased due to population growth, income growth, and urbanization.  In this section, we present a 
more detailed analysis of the impact of alternative assumptions on the long-run level of rice self-sufficiency 
in Bhutan. 

Because of the inherent difficulties in predicting the future, it is useful to think of this analysis as an explora-
tion of the consequences of alternative assumptions rather than a prediction of what will happen in Bhutanese 
rice markets. By examining the sensitivity of the outcome (rice self-sufficiency) to various factors, it is possible to 
shed light on the conditions necessary to achieve that outcome.

5.1 Methods

As discussed above, the price of rice in Bhutan is largely determined by the international price and rice import 
policy.  In this analysis, we assume that the international price and rice import policy are constant, which implies 
that the price of rice is stable over time.  Changes in domestic supply and demand are reflected in the quantity 
of rice imports, but do not influence rice prices in a significant way. 

Rice supply

Rice supply is a function of the area allocated to rice and the average rice yield. Data from the 2009 Agricultural 
Census indicate that rice area is under 18 thousand hectares, which represents a decline from the 19 thousand 
hectares recorded in the 2000 Agricultural Census.  This represents a decline of about 1% per year. This shift is 
driven by two factors.  First, some paddy land has been converted to non-agricultural uses, particularly near 
urban centers.  Although government policy discourages this conversion, the pressure for land near urban areas 
is such that the amount that urban residents are willing to pay for land for housing or commercial activities is 
much greater than the profits that can be earned from rice production or other agricultural activities.  Second, 
some paddy land is converted to production of other crops.  The growth in the share of land allocated to high-
value crops such as fruits and vegetables is well documented (see MOAF, 2010a).  On the other hand, the govern-
ment is investing in expanding irrigated rice area.  Based on these factors, our analysis makes the assumption 
that rice area will continue to decline, though at a lower rate that over the past decade.  In particular, we assume 
that rice area will declined by 0.5% per year. 

With regard to rice yields, it is useful to consider the patterns in other rice-growing Asian countries.  Figure 8 
shows the growth in yields over the period 1990-92 to 2006-08 in the main rice-growing countries of Asia.  The 
average yield growth in Asia as a whole is 2.1%, lifted by the rapid growth in China and Vietnam.  However, the 
average growth for South Asia is just 0.6% per year. The median value among the countries shown is 1.4% per 
year, while the world average is also 1.4% per year.  Furthermore, the growth rates for Nepal and the Lao P.D.R., 
two other land-locked, mountainous Asian countries, are close to 1.5%.  Based on these trends, we assume that 
rice yields in Bhutan will grow at 1.5% per year, though we also consider scenarios of more rapid growth (2.0% 
per year) and much lower growth (0.5%). 
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Figure 8.  growth in paddy yield in selected Asian countries
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Rice demand

Rice demand is a function of population, income, prices, and consumer preferences, among other factors.  
As discussed above, rice prices in Bhutan are largely determined by prices on the international market, in 
India in particular.  Changes in the demand for imports by Bhutan are too small to influence Indian markets 
and prices.  In this analysis, we assume stable rice prices over the period under consideration.  Similarly, we 
assume that there are no changes in preferences regarding rice consumption, except those that are related 
to income growth. 

With regard to population growth, we adopt the projections developed by the National Statistical Bureau 
(NSB) based on analysis of the 2005 Population and Housing Census.  The 2005 Census estimated that the 
population of Bhutan was 635 thousand, and that the annual growth rate was 1.9%.  Based on demographic 
trends and the age structure of the population, the NSB projects that the annual growth rate will decline to 0.8% 
by 2030.  We assume this growth rate will continue over the period 2030-2050, so that the overall population 
of Bhutan will reach 1.03 million by 2050.  We also consider alternative scenarios under which the population 
growth rate is 30% higher and 30% lower than the rates in the NSB projection.  Under the high growth scenario, 
the population reaches 1.2 million by 2050, while under the low-growth scenario it only reaches 896 thousand 
by that date.
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Another determinant of changes in rice demand is income growth.  The World Bank estimates that per capita 
real gross domestic product in Bhutan has grown 4.9% per year between 1990 and 2006 and 5.2% per year 
from 2000 to 2006. In this analysis, we assume that per capita income will grow at 5% per year, though we also 
consider scenarios in which annual income growth is 4% and 6%. 

Finally, in order to make projections of rice demand, it is necessary to understand the relationship between 
growth in income and growth in rice demand. This relationship can be described in terms of the income elasticity 
of demand for rice, defined as the percentage change in per capita rice demand resulting from a 1% increase in 
per capita income.  In low-income countries, staple foods generally have income elasticities ranging from 0.0 to 
0.4. This implies that as income rises, demand for staples also rises but at a slower rate. Thus, the share of staples 
in the budget tends to decline as income rises.  In contrast, in middle- and high-income countries, the income 
elasticities for staple grains are often negative, implying that as income rises, per capita consumption of staples 
declines. 

An analysis of the demand patterns in the 2007 Bhutan Living Standards Survey carried out by this project 
estimated that the income elasticity of rice was 0.3 (MOAF, 2010b).  This means that income growth of 1% per 
year would result in growth in per capita rice demand of 0.3% per year.  Given historical income growth of 5%, 
we would expect per capita rice demand to grow at 1.5% per year. 

This is roughly consistent with the trends in rice demand in Bhutan.  More specifically, Table 1 shows that 
rice availability (production plus imports) has increased from 79 thousand tonnes of milled rice in 2000 to 104 
thousand tonnes in 2008.  This represents an increase of 3.5% per year in total rice demand.  Given a popula-
tion growth rate of about 2% per year, this implies that per capita demand for rice has risen at 1.5% per year 
over this period.  Anecdotal evidence suggests that households in eastern Bhutan are gradually reducing maize 
consumption in favor of rice consumption.  This is only partially offset by the tendency among higher-income 
urban households to gradually shift from rice to noodles and bread. 

However, income elasticities do not remain constant over time.  As mentioned above, the income elasticities 
of staple grains (and other foods) declines as income rises.  Figure 9 shows changes in per capita income (as 
measured by real per capita gross domestic production on the horizontal axis) and rice demand (as measured 
by per capita rice consumption on the vertical axis) for 15 Asian countries over 1990-2006. The black square 
represents the current position of Bhutan. 

Most of the countries with lower incomes than Bhutan have relatively stable rice demand.  For example, rice 
demand in China and India has been fairly stable in spite of rapid economic growth.  On the other hand, all of 
the countries with incomes that are higher than in Bhutan (Thailand, Malaysia, South Korea, and Japan) show a 
downward slope indicating that rice demand declines as income rises.  In other words, Bhutan is at the threshold 
where most countries begin to experience declining per capita rice demand as income rises. In fact, rice demand 
began to decline in Thailand when its income was below the level of Bhutan’s income today. 

The data used to generate Figure 9 can be used to generate a rough estimate of the income elasticity of rice 
demand for each country.  The estimated elasticities are presented in Table 12 in order of the per capita GDP of 
the country.  With the exception of Cambodia and Pakistan, the countries with per capita GDP below US$ 3200 
have income elasticities that are zero or positive.  Indonesia, Sri Lanka, and China, with per capita GDP between 
US$ 3200 and US$ 5000 have elasticities that are negative but very close to zero.  And the four countries with 
per capita GDP above US$ 5000 have income elasticities between -0.18 and -0.45. 

The per capita GDP of Bhutan in 2006 was US$ 3886.  If per capita GDP continues to grow at 5% per year, it 
will pass US$ 6300 by 2016.  In this analysis, we assume that the income elasticity of rice demand in Bhutan will 
following international trends, gradually falling from 0.30 to -0.20 over a period of ten years.  After this ten-year 
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Figure 9.  Relationship between income and rice demand in selected Asian countries
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period, we assume the income elasticity remains at -0.20.  In the sensitivity analysis, we consider alternative 
scenarios in which this transition occurs more rapidly (5 years) and more slowly (20 years). 

5.2 Results

As described above, the projections of rice supply and demand start from a set of assumptions for the base 
scenario: 0.5% annual decline in rice area, 1.5% annual increase in rice yield, population growth according to 
NSB estimates, 5% annual growth in per capita income, and a ten-year transition from an income elasticity of 
rice demand of 0.3 to one of -0.2.  As shown in Figure 10, direct human consumption of rice (shown in the red 
line) rises rapidly from 80 thousand tonnes in 2006 to close to 100 thousand tonnes in 20206.  After that, rice 
consumption declines more gradually to around 94 thousand tonnes.  The decline in rice consumption results 
from the transition from positive to negative income elasticities of rice demand. In other words, as incomes rise, 
initially households increase rice consumption, particularly in rural areas and in the east.  However, after 2020, 
higher income allows households to diversify their diets out of rice and toward other grain products, such as 
noodles and bread, and non-grain products, such as meat, dairy, and fruits and vegetables. 

6 Direct human consumption of rice is calculated assuming that 22% of total rice availability (production plus imports) is lost to seed, 
feed, non-food uses (such as alcohol production), and waste.  This is based on FAO calculations for Nepal.
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Rice supply in the base scenario (shown in the blue line) rises from 50 thousand tonnes of milled rice in 2006 
to 75 thousand tonnes in 2050.  This growth occurs because the growth in rice yields (1.5% per year) exceeds the 
slow decline in land cultivated with rice (-0.5% per year). 

The result of these two trends is that rice self-sufficiency (shown in the green line) initially declines from 49% 
to 43%.  However, beginning around 2020 rice self-sufficiency begins to rise as a result of declining rice consump-
tion.  By the year 2050, these trends result in a self-sufficiency ratio of 64%. 

Table 14 shows the path of rice self-sufficiency under alternative supply assumptions. If the rice area remains 
constant rather than declining 0.5% per year, the rate of rice self-sufficiency falls from 49% to 43%in 2015 (as 
in the base scenario) before beginning to rise again, reaching 70% by 2050.  On the other hand, if rice area 
continues to fall by 1% per year, as it did over the period 2000-2008, then rice self-sufficiency declines to 38% 
in 2020-2025 and then rises to 45%.  In other words, under all the other assumption of the base scenario, if rice 
area continues to decline at its current rate, the rate of self-sufficiency will actually be lower in 2050 than it is 
now. 

If yield growth is 2.0% per year rather than 1.5% per year, rice self-sufficiency only falls to 45% in 2015, after 
which it rises more quickly, reaching 79% by 2050.  Alternatively, if rice yield growth is just 1% per year, rice 
self-sufficiency actually declines over the period, falling to 41% by 2050.  This demonstrates the sensitivity of the 
long-term trend in rice self-sufficiency to the rate of rice yield growth. 

Table 14 shows the sensitivity of rice self-sufficiency to alternative assumptions regarding factors that affect 
demand, namely the rate of population growth, the income growth rate, and the number years it takes for the 
income elasticity of rice demand to fall from 0.3 to -0.2. 

Table 12.  Income elasticity of rice demand for selected Asian countries

Country Per capita GDP in 2006 Income elasticity of rice R2

Nepal 968 -0.03 0.01

Bangladesh 1,119 0.33 0.78

Cambodia 1,569 -0.10 0.27

Lao PDR 1,919 -0.02 0.09

Pakistan 2,288 -0.91 0.64

Vietnam 2,290 0.14 0.74

India 2,393 0.03 0.02

Philippines 3,055 0.84 0.57

Indonesia 3,348 -0.02 0.02

Sri Lanka 3,631 -0.03 0.01

China 4,501 -0.04 0.27

Thailand 7,364 -0.18 0.80

Malaysia 12,149 -0.22 0.36

Korea, Rep. 22,278 -0.38 0.94

Japan 30,961 -0.45 0.90

Source:   Analysis of data on per capita real GDP from the World Bank (2010) and data on per capita rice consumption from the FAO 
(2010c). 
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In the base scenario, we adopt the population projections developed by the National Statistical Bureau, 
based on data from the 2005 Population Census (NSB, 2006).  To test the sensitivity of the results to more 
rapid population growth, we assume that the population growth rate is 30% higher in each year.  In the base 
scenario, the annual population growth rate declines from 1.9% in 2006 to 0.8% in 2030 and remains at 0.8% 
over 2030-2050.  In the high-growth scenario, we assume population growth falls from 2.4% in 2006 to 1.0% in 
2030, remaining at that rate over 2030-2050.  In this case, rice self-sufficiency falls from 49% in 2006 to 41% in 
2015-2020, then rises to 54% by 2050. The higher growth in population increases national demand for rice, thus 
lowering the rate of rice self-sufficiency.

Alternatively, if the population growth rate is 30% below the NSB projections, rice self-sufficiency falls only 
slightly, to 45% in 2015.  Thereafter, rice self-sufficiency rises gradually throughout the rest of the period, reaching 
73% in 2050 (see Table 14). 

Next, we consider the effect of alternative assumptions regarding income growth on the projections of rice 
self-sufficiency. As shown in Table 14, if the annual growth in per capita income is 6% rather than 5%, self-
sufficiency falls from 49% to 43% in 2015, and then rises to 68% by 2050.  In contrast, if the income growth 
rate is 4%, slower than in the base scenario, the rate of self-sufficiency falls to 44% in 2015 (higher than in the 

Figure 10.   Projections of rice production, consumption, and the self-sufficiency ratio over  
2006-2050
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high-growth scenario), then rises to 60% in 2050 (lower than in the high-growth scenario).  In other words, 
income growth has different effects in the short and long term.  Until 2012, the rice income elasticity is positive, 
a higher income growth raises rice consumption and reduces self-sufficiency.  But after 2012, the income elas-
ticity becomes negative so that a higher rate of income growth implies lower rice consumption, which increases 
self-sufficiency.

Finally, we consider the effect of quicker or slower transition from positive to negative income elasticities of 
rice demand.  As discussed above, the evidence suggests that the income elasticity of rice demand is currently 
positive, around 0.3, but most rice-based Asian countries with income levels at or above the level of Bhutan have 
negative income elasticities for rice, meaning that as income rises, per capita rice consumption falls.  This implies 
that the income elasticity of rice will probably turn negative over the next 5-20 years.  In the base scenario, we 
assume this transition takes 10 years.  In the sensitivity analysis, we consider the consequences of a more rapid 
and less rapid transition. As shown in Table 14, a 5-year transition means that rice self-sufficiency falls just 3 
percentage points, from 49% to 46%, before beginning to rise again.  By 2050, the rate reaches 68%.  In contrast, 
if the transition to a negative income elasticity is slower, taking 20 years rather than 10 in the base scenario, 
rice demand continues to grow longer, resulting in a rate of self-sufficiency of just 41% in 2020.  Furthermore, 
it rises to just 56% in 2050 because there is a shorter period of negative income elasticity and falling per capita 
rice consumption. 

Table 13.  Sensitivity of rate of self-sufficiency to different supply assumptions

Assumption

Area growth Yield growth

Assumptions Base High Low High Low

Area growth -0.5% 0.0% -1.0% -0.5% -0.5%

Yield growth 1.5% 1.5% 1.5% 2.0% 0.5%

Population growth Base Base Base Base Base

Per capita income growth 5.0% 5.0% 5.0% 5.0% 5.0%

Demand transition 10 years 10 years 10 years 10 years 10 years

Rice self-sufficiency (percent)

2006 49% 49% 49% 49% 49%

2015 43% 45% 41% 45% 40%

2020 45% 48% 42% 48% 39%

2025 47% 52% 43% 52% 39%

2030 50% 56% 44% 56% 39%

2035 53% 61% 46% 61% 40%

2040 56% 67% 47% 66% 40%

2045 60% 73% 49% 72% 41%

2050 64% 79% 51% 79% 41%

Source:  Calculation by the authors. See text for assumptions.
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6. SummARy AnD ConCluSIonS
According to a widely accepted definition from the Food and Agriculture Organization, food security is achieved 
when “when all people, at all times, have physical and economic access to sufficient, safe and nutritious food to 
meet their dietary needs and food preferences for an active and healthy life.”  In contrast, food self-sufficiency 
is defined as being able to meet consumption needs (particularly for staple food crops) from own production 
rather than by buying or importing. 

There is a long-standing debate on whether food self-sufficiency is a useful strategy to achieve food security.  
Supporters of this proposition argue that relying on the market for to meet food needs is a risky strategy because 
of volatility in food prices and possible interruption in supplies.  The opposing view is that it is costly for a house-
hold (or country) to focus on food self-sufficiency rather than producing according to its comparative advantage 
and purchasing some of its food requirements from the market. 

This debate is reflected in the evolution of food policy in Bhutan.  The Fifth and Sixth Five-Year Plans (1981-86 
and 1987-92) called for self-sufficiency in staple foods. The Seventh Five-Year Plan (1992-97) called for self-
sufficiency but recognized that it may not be a realistic goal.  The Eighth Five-Year Plan (1997-2002) focused on 
the goal of food security, though it called for the value of agricultural exports to exceed the value of agricultural 
imports.  In 2007, the Bhutan National Food Security Strategy Paper adopted the definition of food security from 
the 1996 World Food Summit, cited above.  In spite of this shift in policy emphasis from food self-sufficiency to 
food security, some continue to favor the concept of food self-sufficiency.

Table 14.  Sensitivity of rate of self-sufficiency to different demand assumptions

Assumptions

Population growth Income growth Demand transition

Assumptions Base High Low High Low Rapid Slow

Area growth -0.5% -0.5% -0.5% -0.5% -0.5% -0.5% -0.5%

Yield growth 1.5% 1.5% 1.5% 1.5% 1.5% 1.5% 1.5%

Population growth Base High Low Base Base Base Base

Per capita income growth 5.0% 5.0% 5.0% 6.0% 4.0% 5.0% 5.0%

Demand transition 10 years 10 years 10 years 10 years 10 years 5 years 20 years

Rice self-sufficiency (percent)

2006 49% 49% 49% 49% 49% 49% 49%

2015 43% 41% 45% 43% 44% 46% 41%

2020 45% 41% 48% 45% 45% 48% 40%

2025 47% 43% 51% 47% 46% 50% 41%

2030 50% 45% 54% 51% 49% 53% 44%

2035 53% 47% 58% 55% 51% 56% 47%

2040 56% 49% 63% 59% 54% 60% 50%

2045 60% 52% 67% 63% 57% 64% 53%

2050 64% 54% 73% 68% 60% 68% 56%

Source:  Calculation by the authors. See text for assumptions.
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This paper addresses three questions related to food security and food self-sufficiency:
Is food self-sufficiency necessary or sufficient for achieving food security or higher standards of living • 
in Bhutan? 
What is the impact of alternative strategies for achieving rice self-sufficiency on rice farmers, rice • 
consumers, and the country as a whole?
What is the likely path of rice self-sufficiency given current trends in rice area, yield, population, and • 
income? 

We examine the relationship between food security, food self-sufficiency, and well-being with two types of 
analysis, one using geog-level data from the 2000 Agricultural Census and the 2005 Population Census, the other 
using household-level data from the 2007 Bhutan Living Standards Survey. 

The geog-level analysis uses data from the 2000 Agricultural Census and the 2005 Population Census.  Although 
there is no direct measure of food security, we can examine the relationship between food self-sufficiency and 
standard of living.  From the Agricultural Census, we obtain three measures of food self-sufficiency (per capita 
rice production, per capita maize production, and per capita cereal production) and two measures of food short-
ages (the average number of months a household can meet its food needs from own production and the share 
of households that can meet all their food needs from own production).  From the Population Census, we obtain 
five measures of standard of living: type of roof, type of walls, type of water source, type of toilet, and access to 
electricity. 

The results indicate that per capita cereal production and per capita maize production are positively corre-
lated with the average number of months of food self-sufficiency, but surprisingly there is no correlation between 
per capita rice production and the number of months of food self-sufficiency.  In other words, geogs with high 
per capita rice production are no more likely to have a high percentage of food self-sufficient households than 
geogs with low per capita rice production. 

The standard of living index is weakly but significantly correlated with the average number of months a 
household can continue to consume food from own production and the percentage of households whose 
own food production lasts the entire year.  However, there is no correlation between per capita rice produc-
tion and the standard of living index. Furthermore, the standard of living index is negatively correlated with 
both per capita maize production and per capita cereal production.  Thus, these results suggest geogs with 
high per capita production of cereals are no more likely to be better off than those with low per capita 
production.

The household-level analysis uses the 2007 Bhutan Living Standards Survey (BLSS).  The BLSS provides three 
indicators of food self-sufficiency: 

home-produced food as share of all food consumed, • 
home-produced cereals as a share of all cereals consumed, and • 
home-produced rice as a share of all rice consumed. • 

And the BLSS provides four measures of food security: 
per capita real value of food consumption,• 
non-staples as a share of food consumption, • 
animal products as a share of food consumption, • 
reported number of months per year that the household has sufficient food.• 

The results indicate that food self-sufficiency is negatively correlated with all four indicators of food secu-
rity.  Similarly, self-sufficiency in cereals is negative correlated with all four food security measures. This means 
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that households that are more self-sufficient in cereals and in food in general tend to be less food secure, as 
measured by the value of food consumption, the share of non-staples, the share of animal products, and the 
number of months with sufficient food. Rice self-sufficiency is positively correlated with food security, although 
the correlation is relatively low. 

Finally, per capita expenditure, a measure of standard of living, is positively correlated with all four measures 
of food security.  There is a particularly strong relationship between per capita expenditure and per capita food 
expenditure.

The implication of these findings is some households may be forced into food self-sufficiency by lack of 
market opportunities, but encouraging household food self-sufficiency is not a useful strategy for achieving food 
security or reducing poverty.

Regarding the second research question, this report examines the economic impact of two strategies to 
achieve rice self-sufficiency, tariff protection and productivity improvements, using a simple model of rice 
markets.  The model is calibrated using production and consumption data for 2006, as well as a supply elasticity 
of 0.3 and a demand elasticity of -0.3.  The supply elasticity is based on estimates from other Asian countries, 
while the demand elasticity was estimated from the BLSS data.

According to the analysis using this model, it would require a 235% tariff rate to achieve rice self-sufficiency.  
By limiting rice imports, the tariff would more than triple the price of both local and imported rice.  Although rice 
farmers would gain 4.2 billion Nu per year from this policy, rice consumers would lose 6.1 billion Nu because the 
higher rice prices would reduce their purchasing power. 

An alternative approach to achieving self-sufficiency would be to increase rice yields through investments 
in agricultural research and irrigation.  The model was used to simulate the impact of different increases in 
rice yields on markets.  The results indicate that a 110% increase in rice yields would help Bhutan reach rice 
self-sufficiency.  Consumers would neither lose nor benefit, because the rice price would continue to be set 
by international (Indian) prices.  Farmers would gain 1.3 billion Nu their costs of production would decline, 
yet the producer price would remain the same, being determined by the world price.  In summary, a rice 
import tariff can achieve rice self-sufficiency and benefit farmers, but it results is sharp increases in rice 
prices which imposes costs on consumers that are greater than the gains to farmers.  In contrast, achieving 
rice self-sufficiency through yield improvements also generates large gains for farmers but has no effect on 
prices or consumers.  However, unlike the import protection strategy, the yield-improvement strategy involves 
long-term investments.

We also consider various combinations of yield increases and rice import tariffs that would achieve 
65% rice self-sufficiency, the medium-term target set by the government.  The analysis shows that a 33% 
yield improvement or a 61% import tariff would reach this target.  However, the yield strategy would 
generate net benefits for the country (primarily to farmers) while the tariff-based strategy would generate 
net costs, as the cost to consumers would exceed gains to farmers and the government in the form of tariff 
revenue. 

Regarding the third question, we simulate the path of rice self-sufficiency over time, using projections 
of population growth, area expansion, yield increases, and income growth.  In the short- to medium-term, 
demand will continue to grow faster than supply, so rice self-sufficiency may decline, but in the longer term 
changing rice consumption patterns are likely to increase the rice self-sufficiency ratio.  A comparison of rice 
demand across major Asian countries shows that per capita consumption tend to rise or be stable with rising 
income among low-income countries.  However, among middle- and high-income countries, as income rises, 
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per capita rice consumption falls as diets shift away from staples and toward meat, fish, dairy, and other non-
staples.  Bhutan is close to the threshold where we expect further increases in income to result in lower per 
capita consumption of rice. 



30

ReFeRenCeS

FAO (Food and Agriculture Organization). 1996.  World Food Summit Plan of Action. http://www.fao.org/
docrep/003/w3613e/w3613e00.htm.  Rome, Italy. 

FAO (Food and Agriculture Organization). 2010a.  Crop production data.  http://faostat.fao.org/site/567/default.
aspx#ancor. Rome, Italy.

 FAO (Food and Agriculture Organization). 2010b.  Trade in crops and livestock products. http://faostat.fao.org/
site/535/default.aspx#ancor.  Rome, Italy.

FAO (Food and Agriculture Organization). 2010c.  Food balance sheets. http://faostat.fao.org/site/368/default.
aspx#ancor.  Rome, Italy.

Minten, B. and C. Dukpa. “An analysis of household food demand in Bhutan.”  Report prepared under the 
Agricultural and Food Policy Research and Capacity Strengthening Project, jointly funded by the Swiss Agency 
for Development Cooperation (SDC), the International Food Policy Research Institute (IFPRI) and the Ministry 
of Agriculture and Forest (MoAF) of the Royal Government of Bhutan.  IFPRI, Delhi, India.

NSB (National Statistics Bureau). 2007a. Bhutan Living Standard Survey 2007 Report. Thimphu, Bhutan. 

NSB (National Statistics Bureau). 2007b. Population Projections Bhutan 2005-2030. Thimphu, Bhutan, 

PPD (Policy and Planning Division). 2009. Compendium of Renewable Natural Resources Statistics.  Ministry of 
Agriculture, Thimphu.

World Bank, 2009.  World Development Indicators.  CD-ROM database.  Washington, DC.



R

Cover Photos by:  Ashok Gulati, IFPRI and Nicholas Minot, IFPRI 

An analysis of household
food demand in Bhutan


