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Foreword

Over the past five decades, development and growth in Asia have surpassed those in
other developing regions as more Asian countries have recorded faster growth and
social change. Japan has emerged as the second largest economy in the world. China,
South Korea, and parts of Southeast Asia became economic powerhouses. Indeed,
rising incomes and reduced poverty have brought newfound prosperity and confi-
dence to many parts of Asia.

But, despite this growth and prosperity, rice is till looked upon as the pillar for
further improvement of food security in the region. It is still the primary means of
livelihood among rural households since most of the 1.3 hillion members of the agri-
cultural labor forcein Asiawho cultivate land almost alwaysinclude at |east onerice
crop.

The population of Asia has expanded from about 1.7 billion in the 1960s to the
current 3.4 billion. The greater portion of this population depends on ricefor itsstaple
food and source of energy. It is expected that another 1.5 billion people will be added
to theregion in the next 15 to 20 years. Rice will thus remain asignificant part of the
Asian diet as most of the population increase will come from the low-income coun-
tries.

The importance given to rice by many governments indeed contributed much to
the sector’s remarkabl e production growth. But government support is now waning
and other factors are seriously affecting the commaodity’s production performance.
Yet, some countries still need to import rice to meet the domestic consumption of
their population. Increasing production to approach rice sel f-sufficiency remainstheir
paramount goal. Like households, countries feel more secure about being able to
produce their own rice requirements. Foreign exchange earnings are dearth in these
countries, so that, if given achoice, they would channel these for purposes other than
for importing rice.

For the rice-exporting countries, maintaining their position in the world rice mar-
ket provides the impetus for further increasing rice production. To them, the goal is
not just to have an excessrice supply but good-quality excessrice. Thailand has done
well in maintaining its nichein the high-quality rice market. However, competitionis
around the corner with the rebound of Vietnam and the emergence of India as major
exporters, especially in thelast decade, and the prospects of Cambodiaand Myanmar
to produce a surplus beyond their domestic needs.



Many of these developments will greatly depend on the interaction of many fac-
tors. Government policymakers in general and farmers in particular ought to under-
stand how trends in rice supply, demand, and trade change with economic growth,
political development, and demographic changes. Thisisthemain reason for the coun-
try studies found in this book. We owe it as a service to our rice-producing and -
consuming countries to provide them with an update on the emerging trends of rice
supply and demand so that they will be able to plan more rationally. We therefore

hope that the information provided in this book will be of great use to our valued
clientele.

RONALD P. CANTRELL
Director Generd

International Rice Research Institute
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Preface

Rice ismost closely associated with the South, Southeast, and East Asian countries,
extending from Pakistan to Japan. Of the 26 major rice-producing countries that ac-
count for 96% of global production, 18 arelocated within the region. Rice continuesto
be the mgjor source of livelihood, especially intherural areas, and the main staplefood
of the population. In most Asian countries, therefore, government devel opment agen-
das have aways been geared toward achieving self-sufficiency inrice.

Short-run trends in the world rice price have strongly influenced national policies
for the domestic price and public investments in support for rice production and mar-
keting. Investments in irrigation and research, for example, rose sharply as the world
rice price peaked in the mid-1970s. This period was followed by more than a decade of
low and stable world rice prices. This led to complacency among policymakers and a
dackening of investmentsin research, irrigation, and other factorsthat promote produc-
tivity growth in the rice sector. Now, concern is growing, particularly in the scientific
community, that rice production may not keep pace with the growth in demand because
of increasing population. Large numbers of the predominantly rural poor in Asia still
cannot afford an adequate diet. Increasing their purchasing power depends on produc-
tivity increasesin agriculture, particularly in rice, and this must be achieved in the face
of rising costs and growing shortages of resources.

Total rice production at the beginning of the 21st century was about 590 million
tons. Thisisabout 200 milliont or 1.5 times more than the production in the late 1970s.
It is projected that, over the next 25 years, another 200 million t more rice will be
needed to feed the world. Thetask of reaching thislevel looks more difficult to achieve
than it proved to be over the past 25 years. Inall likelihood, thisamount of ricewill have
to be grown on roughly the same amount of arableland. Demographic and environmen-
tal changes-the increasing rate of urbanization, climate change, accelerating erosion of
the agricultura base, among others-will constrain the achievement of higher productiv-
ity. Technologies and production systems will have new dimensions(in productionin a
sustainable manner to protect the environment and promote socia stability. The prob-
lem of reconciling cheap food for poor urban consumers and improving the income of
rural householdswill continue to haunt government officials and practitioners.

Medium- and long-term projections of rice supply, demand, and prices are key in-
formation needed to guide nationa policy decisions and investment plans. In close
collaboration with researchers and scientists from national agricultural research and
extension systems (NARES), the International Rice Research Ingtitute (IRRI), based in
the Philippines, and the International Food Policy Research Institute (IFPRI), based in
Washington, D.C. (USA), embarked on a collaborative research project to undertake
policy anaysis and projection studies on supply, demand, and trade of rice in some of
the major rice-producing countries. The objective of the project was to make an in-
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depth analysis of the changing structure and dynamics of rice supply and demand and to
institutionalize the research and policy analysis capacity and projection work as a core
research activity in selected NARES. With financia support from the Japanese govern-
ment, and from core funds of IRRI and IFPRI, the project started with the following
countries selected to participate: Thailand, Vietnam, Indonesia, Philippines, Malaysia,
Myanmar, Japan, South Korea, Taiwan (China), Bangladesh, India, Nepal, and Paki-
stan.

This book includes papers presented at the workshop on Medium- and Long-Term
Prospects of Rice Supply and Demand in the 21st Century held at IRRI headquartersin
Los Barios, Laguna, Philippines, on 3-4 December 2001. Each country paper includes
the following sections:

« Growthin production and rice productivity: an analysis of total factor productiv-

ity in rice production

« Changesin policy regimethat affect the rice industry

« Scope for further improvement in policies to induce further production growth

« Challengesto increasing supply

« Determinants of demand and supply parameters. medium- and long-term

projections of rice demand and supply.

In addition to the country papers, presentations were made on various thematic
subjects to assess the potentials of rice production vis-avis the international market,
analyze its prospects in the international market, and determine its environmental
sustainability.

Thefirst section of the book presentsaglobal perspective of therice sector. Chapter
one presents the developments of the rice economy in Asia as these have been influ-
enced by the structura transformation of the region from an agricultural to industrial
society. Thisisfollowed by an assessment of the world rice market in the years ahead
by analyzing projection results to 2025 produced by the International Model for Policy
Anaysisof Agricultura Commoditiesand Trade (IMPACT) for supply, demand, trade,
and prices under various scenarios.

The second section presents the rice sector development and prospects of the two
largest rice producersinAsia, and in theworld, Chinaand India. Therest of the country
studies are grouped on the basis of their net position in terms of rice supply and demand
balances. Net rice importers include Indonesia, Bangladesh, and the Philippines. Sup-
ply and demand prospects of these countries make up the third section of the book.
Thosefor the net exporting countries are presented in the fourth section. The dynamics
of the rice supply and demand relationship in the newly industrialized economies of
Asiaare dightly different from those that are considered devel oping countries. Supply
and demand analyses of these countries are presented in the fifth section. The sixth
section includes studies that determine the comparative advantage of rice cultivationin
various countries, while the seventh section assesses the effects of climate change on
rice production. It also assesses the opportunities for increasing production in inten-
sive rice-based systems, for which the wheat-rice system in the Indian Punjab was
analyzed.

The final section presents some issues that arose from the workshop and their
implications for rice research strategy and policies.
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The transformation of the Asian

rice economy and directions for future
research: the need for increased
productivity”

R. Barker and D. Dawe

Following World War II, growing concern about the pending food crisis in Asia
led to support among international donors and national policymakers for the
so-called Green Revolution technology—improved seeds, expanded irrigation,
and the increased use of chemical fertilizer. For almost two decades, from
the mid-1960s to the mid-1980s, rice production grew at close to 3% per
annum. Slower growth since the mid-1980s has been influenced by both
supply and demand factors: sharply lower prices for rice, environmental deg-
radation and overexploitation of soil and water resources, and a decline in
per capita consumption with the rising incomes in some regions.

The major structural transformation in Asia’s rice economy over the past
three decades has been part and parcel of the process transition toward an
industrial economy. Indicators of this transformation are a decline in percent-
age gross domestic product and labor force in agriculture, a decline in popu-
lation growth rate, a decline in percentage calories from rice in the diet, the
change in rice production practices (many of which had existed for hundreds
of years), the decline in percentage of farm income from rice, and a decline
in the percentage of households below the poverty line.

The comparative advantage in rice production appears to be shifting back
to Asia’s major river deltas, where water is plentiful and labor is cheap. Many
countries will face, on the one hand, pressure from the World Trade Organiza-
tion to engage in free trade and, on the other, domestic pressure to protect
the rice industry.

*This is a modified version of Barker R, Dawe D (2001): “The Asian rice economy in transition,” in Rockwood
WG, editor: Rice research and production in the 21st century: symposium honoring Robert F. Chandler, Jr.,
published by the International Rice Research Institute, Los Banos, Philippines. p 45-77. Copyright International
Rice Research Institute. 2001.

The transformation of the Asian rice economy and directions ... 1



These changes raise issues concerning the future directions for rice
research. Rice remains the dominant food crop in Asia and a major source of
livelihood for many poor consumers and producers. With declining financial
support for research and the rising cost of resources—Ilabor, land, and wa-
ter—priority areas must be clearly identified. Increasing rice productivity con-
tinues to be the foundation of rural development in Asia and a key compo-
nent of sustainable poverty alleviation.

Following World War 11, concern grew about the food problem in Asia. The popula-
tion was growing at close to 3% per annum and potential for further expansion of
cultivated area was limited. Attention focused on the need to increase the yield of
rice, the primary dietary staple.

Food security achieved by the Green Revolution was but a critical first step in
Asiastransition from an agricultural to anindustrial society. In the 1960s, two-thirds
of the labor force and one-third of the gross domestic product (GDP) for most Asian
countrieswere in agriculture. As those economies grew, agriculture became an ever-
smaller portion of the total economy. This is the normal pattern of development
(Timmer 1988). Rice remains the dominant staplein the Asian diet, however, and the
most widely grown crop. It contributes one-third to one-half of agricultura value
added and 40-50% of the cal ories consumed by peoplein much of theregion (Hossain
and Pingali 1998). The introduction of new technologies and growth in production
continue but at a much slower pace. More than a decade of low and stable world rice
prices has led to complacency among policymakers and a slackening of investments
in research, irrigation, and other factors that would promote productivity growth in the
rice sector. Thereis concern, particularly in the scientific community, that rice produc-
tion may not keep pace with the growth in demand because of population.

The well-to-do consumers are diversifying their diets and rice-farming households
arelooking for new sources of income to compensate for low returnsto rice produc-
tion caused by the decline in price. But large numbers of the predominantly rural
poor in Asiastill cannot afford an adequate diet. Increasing their purchasing power
depends on productivity increases in agriculture, particularly in rice, and this must
be achieved in the face of rising costs and growing shortages of resources, particu-
larly water.

We describe the transition in the Asian rice economy from several dimensions.
We examinein turn

« thetrends and sources of growth in rice production,

. thetrendsin technological change: its beneficiaries, impact on poverty allevia-

tion, and negative effects on environment and health,

. diversification in consumption and production away from rice, and

« the shift in comparative advantage and expanding world rice trade.

Then we discuss the challenge that faces the international community, national
policymakers, and researchers to continue to increase the productivity of rice and to
ensure adequate supplies for those who cannot afford an adequate diet.

2  Barker and Dawe



Trends and sources of growth in production and productivity

The growth in rice production over more than three decades since the release of the
first high-yielding rice variety, IR8, in 1966 and the factors explaining that growth are
well documented (Barker and Herdt 1985, Hossain and Pingali 1998, Pingali et al
1997). Today, concern is general in many quarters about the slowdown in rice pro-
duction growth and the potential implications for food security and poverty alevia-
tion. How wasit possible to achieve a 3% per annum growth in Asian rice production
for more than two decades, a growth rate far exceeding what had ever been achieved
previously?

Political imperatives and climatic shocks

In the post-World War 11 era, the concern of the West regarding the deteriorating food
situationinAsiaand itsimplicationsfor political stability wasdriventoalarge degree
by cold-war palitics. Among the governments of Asia and the West and the interna-
tional development agencies the priority was clear—increase cereal grain produc-
tion in Asia. A consensus gradually emerged as to how to get the job done as the
pieces of the Green Revolution technology began to fall into place.

Two wesather events, which have now come to be known as El Nifio and La Nifia
(which lead to drought or flood in many parts of the world), served to catalyze the
commitment to the food security goal. Thefirst of these occurred inthe mid-1960sin
the Indian subcontinent, where ashortfall in grain production threatened famine. The
second occurred in 1972, resulting in ashortfall in crop production, leading to asharp
rise in world rice prices (Fig. 1) and forcing Thailand, the world's largest rice ex-
porter, to ban exports for several monthsin 1973.

1997 US$ t*
2,000

1,800 -- Trend 1950-81, 1985-99
1,600

1,400
1,200
1,000
800
600
400
200 -

0 1 1 1 1 1 1 1 1 1 1 1 1
1950 1954 1958 1962 1966 1970 1974 1978 1982 1986 1990 1994 1998
Year
Fig. 1. Real world rice prices (100Bs, F.0.B. Bangkok).
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Technological advances

The so-called Green Revolution is most commonly associated with the devel opment
of the modern semidwarf varieties (MVs) of rice and wheat. However, two other
critical components of the Green Revolution technology are fertilizer and irrigation.
With the new varieties, and with these other two factors, a steady stream of techno-
logical improvements has contributed to rice productivity growth. Because the inputs
were highly complementary, efforts to apportion the share of the output growth to
each have proved difficult. An analysis by Herdt and Capule (1983) suggested that
the MV effect, fertilizer effect, irrigation effect, and other factors (aresidual) contrib-
uted almost equally to growth in production. Included in “ other factors’ would bethe
extraordinary investment of the West in human capital development in Asia. This
often overlooked investment helped to provide the policy and ingtitutional changes
needed to facilitate the development and spread of the new technology. This would
help to account for the speed with which these technologies spread.

Varietal improvement. When IRRI began operations in 1962, no one would have
predicted that a breakthrough in rice yield potential could be achieved in just four
years. The serendipitous early discovery of the dwarfing gene in the Taiwan collec-
tion led to the release in 1966 of the first semidwarf variety, IR8. Traditional tall
varieties (about waist high) yielded abiomass consisting of 80% straw and 20% grain,
while the grain-to-straw ratio in the semidwarfs (about knee high) was 50/50. These
shorter, stiffer straw varieties gave a higher yield response to fertilizer without lodg-
ing at harvest time. Equally important, the new varieties matured in just 120 d or less
compared with 150 d for the traditional varieties. The release of IR8 established a
yield ceiling in open-pollinated rice in the tropics that has lasted to this day. (Hybrid
rice developed in China in the 1970s raised the yield ceiling by 15%, but suitable
varieties for adoption in the tropics have yet to be developed.)

The susceptibility of IR8 to pests and diseases quickly shifted the emphasis to
breeding for resistance. The release of IR36 a decade after IR8 (1976) marked an-
other milestone, characterized by the devel opment of the second generation of insect-
and disease-resistant MVs. It was estimated in the early 1980s that more than 10
million hectareswere planted to IR36 (IRRI 1982). However, thisled to concernsthat
the genetic base of the new varieties was too narrow, thus increasing the downside
risk of widespread crop loss in a single year (Evans 1986). The release of IR64 in
1985 with more than 40 landraces in its ancestry provided insurance against risk of
this nature. Throughout the entire period from the release of the first high-yielding
varieties (HYVs), the quality of grain steadily improved.

To date, drought and the effects of El Nifio and La Nifia weather conditions re-
main the major source of year-to-year variation in crop production. Breeding for
marginal environmentswith frequent droughts or adverse soil conditionsismore com-
plex. Some researchers argue that, aided by biotechnology, the greatest potential for
productivity gains (and poverty alleviation) in the future lies in the rainfed environ-
ments (Hossain 1999). Others anticipate that a future breakthrough in the yield ceiling
will continueto favor theirrigated areas and that these areaswill produce an ever-larger
share of the world's rice (Otsuka 2000). We will return to thisissue later in the paper.

4  Barker and Dawe



Advancesin fertilizer technology. Since the advent of the Green Revolutionin the
1960s, chemical fertilizers have had a central place in transforming farm production
inAsia. Asian fertilizer consumption has risen from 7 million nutrient (N, P, and K)
tonsin 1965 to 17 million in 1975, the year of the “fertilizer crisis,” to 39 millionin
1985 and 69 millionin 1995, essentially doubling every ten years. The extraordinary
growth in fertilizer consumption, morethan 7% per year for three decades, wasdueto
a steady decline in the price of fertilizer (Fig. 2) and learning by farmers about the
benefits of fertilizer when used with MVs.

The magjor factor explaining this reduction in cost has been a stream of discover-
ies in applied chemistry and mechanical engineering relating to the production of
superphosphates, phosphoric acid, and, above all, ammonia, which is converted into
nitrogen fertilizer (Tomich et a 1995). One of the most dramatic developments oc-
curred in 1963 just before the Green Revolution. The shift from piston to centrifugal
compressor tripled the optimum plant size for manufacturing urea, thus further low-
ering the cost of production. Given the speed of technological change and the sophis-
tication and capital-intensive nature of the technology, the developed countries have
acomparative advantage in fertilizer production. SomeAsian countries, ignoring this
fact and seeking to become self-sufficient in fertilizer, have constructed plants, often
with assistance from the developed countries, that are obsolete almost the day they
are compl eted.

Real price of urea Annual fertilizer
(1995 US$ t1) consumption (million t)
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@ Price 70
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50
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Fig. 2. Relationship between world price of urea and total fertilizer consumption
in Asia, 1961-96.
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Technological advancesin irrigation and water management. Technological ad-
vances in irrigation can be divided between (1) those relating to the development of
surface water or canal irrigation systems largely through public investment and (2)
those relating to the exploitation of groundwater largely through private investment.
Before World War |1, Asian irrigation was dominated by so-called run-of-the-river
systems by which water was diverted by barrages (artificial obstructions) to provide
supplemental irrigation to ensure the main wet-season crop. Advancesin the technol -
ogy of largedam and reservoir construction in the western United States before World
War |1 became the foundation for surface irrigation system development in Asiain
the post-World War |1 period. High rice prices justified the substantial investment in
large public-sector irrigation systemsin the 1970s. But the subsequent declineinrice
prices, rising construction costs, and growing opposition of the environmentalists
haveledto asharp declineininvestments since the mid-1980s (Rosegrant and Pingali
1994).

In contrast, advances in technology and declining costs have resulted in a con-
tinuing rapid expansion of tubewells (and, more recently, in other microirrigation
technologies such as sprinkler and trickleirrigation). In India, for example, well over
half of the total area irrigated is served by tubewells, whereas, in China, irrigation
using power (both tubewells and lifting water from rivers and drains) accounts for
more than 60% of total irrigation. Farmers, often reluctant to pay irrigation fees for
unreliable deliveries of canal irrigation water, are willing to pay full cost for pump
irrigation that can increasericeyields or facilitate the shift from rice to higher valued
crops. The boom in the adoption of groundwater technol ogies began first in the semi-
arid areas of Asia. Improved technology, often coupled with government subsidies,
led to a decline in the cost of pumping and encouraged the spread of groundwater
technology into the monsoon areas. However, unregul ated expansion of tubewellsis
leading to a serious overexploitation of groundwater, particularly in the semiarid re-
gions that include two of the major breadbaskets of Asia, the Punjab and the North
ChinaPain.

Growth in production and yield

Figure 3 shows the growth in rice production and yield for the Green Revolution
years (1967-85) and for the pre- and post-Green Revolution years. Following arapid
growth in production of close to 3% in the Green Revolution period, the growth rate
declined by almost one-half. Table 1 illustrates the considerable variation over time
and space in the rate of adoption of the new technology and growth in production.
Insular Southeast Asia, China, and other select regions such as the Indian Punjab
were the early beneficiaries of the Green Revolution technology. By 1980, 50% or
more of therice areain these regions had been planted to the MV s (Herdt and Capule
1983). In other parts of Asia, including Bangladesh and eastern India, adoption has
been much more recent and growth in yield has been more rapid after 1985. Vietham
has shown a strong growth in land area and yield since 1985. Surprisingly, Thailand,
theworld’slargest exporter of rice, has had thelowest rate of MV adoption among all
major Asian countries, approximately 15% in 1995. Yield growth and fertilizer con-

6 Barker and Dawe
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Fig. 3. Changes by area and yield toward production growth in Asia,
1952-67 to 1985-98.

Table 1. Average compound growth (% per year) in rice area, yield, and production
for Asia and selected countries or regions, 1951-66, 1966-85, and 1985-2000.7

195166 1966-85 1985-2000

Asia Area 1.4 0.6 0.4
Yield 1.2 2.5 1.1
Production 2.7 3.1 1.6

Early adopters
China Area 1.1 0.5 -0.6
Yield 1.9 2.8 1.1
Production 3.0 3.3 0.5
Indonesia Area 1.6 1.5 1.2
Yield -1.4 4.3 0.6
Production 0.2 5.8 1.7
Philippines Area 1.7 0.3 1.3
Yield 0.9 3.1 1.6
Production 2.7 3.4 2.9
Punjab (India) Area 6.2 9.7 2.3
Yield 4.6 5.4 0.4
Production 11.1 15.7 1.6

Late adopters
Bangladesh Area 1.0 0.5 0.2
Yield 1.2 1.4 2.8
Production 2.3 1.9 3.0
Vietnam Area 1.7 0.9 1.9
Yield 1.8 1.9 2.9
Production 3.5 2.9 4.9
West Bengal (India) Area 0.5 0.6 1.1
Yield 3.2 1.8 2.9
Production 3.8 2.6 3.9

continued on next page
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Table 1. continued

195166 1966-85 1985-2000

Low adopter

Thailand Area 1.5 1.9 0.6
Yield 2.2 0.8 0.7
Production 3.7 2.7 1.3

aCalculations are based on harvested area and rough rice production. Yield is mentioned in
rough rice production per ha of harvested rice. The conversion ratio of rough rice to milled rice
is 52% for Indonesia and 66% for Bangladesh. Harvested area is 95% of sown area. Calcula-
tions are based (except for Indian states in 1951) on three-year averages centered on each of
the years shown, e.g., data for 1951 are an average of numbers from 1950 to 1952. Growth
rates for Indian states in the last column are for 1985-96.

Sources of underlying raw data: for 1950-52, Rose (1985) and Bansil (1990). For 1965-67, IRRI
(1995). For 1984-86, IRRI (1995). For 1999-2001, FAO.

sumption have also been low as Thailand has chosen to expand rice areaand continue
to grow low-yielding but high-quality export varieties.

Much of the variation in the timing of MV adoption has been associated with
developments in irrigation and water management. Investments in large irrigation
schemes occurred in the 1970s and early 1980sin many parts of Asia and the expan-
sion of the dry-season rice areagave amajor boost to production. The boom in ground-
water development, mentioned previously, led to the gradual spread of tubewell
technology into the delta areas. Deepwater rice area has declined and thereisahigher
concentration of production of both rice and other cropsin the dry season (Daweet a
1998). The ability to apply high levels of fertilizer under more favorable growing
conditions has boosted production in many of these delta areas.

The rice area in Asia has remained almost constant since the mid-1980s. The
continued expansion of tubewell irrigation has resulted in a major portion of new
irrigated area being used for crops other than rice (Dawe et al 1998). However, the
portion of therice areathat isirrigated increased between thelate 1970s and the early
1990sfrom 51% to 56%. Thiswasthe result of adeclinein both upland and deepwater
area, atrend that will probably continue.

What explains the slowdown in growth?
What explainsthe slower growth in production, area, and yield since 1985? The most
obvious cause is the dramatic drop in world rice prices from 1981 to 1985 (Fig. 1).
Marking the successful introduction of Green Revolution technologies, supply grew
more rapidly than demand. Over the past 15 years, world prices have remained re-
markably stable, allaying earlier fearsthat the adoption of Green Revolution technol-
ogy would result in greater yield and price variability. A new equilibrium in supply
and demand seems to have been reached at alower price and slower growth rate.
The slower growth isinfluenced by both supply and demand factors. On the sup-
ply side, in many areas of Asia, theyield gainsfrom the adoption of the new technol o-
gies have been almost fully exploited and, typically in these areas, intensification of
rice production has been leading to the overexploitation and degradation of soil and
water resources. It isno longer possible to sustain production growth at 2.5-3% per
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year. In addition, with sharply lower domestic rice prices and rising wage rates, farm-
ers have found it far less profitable to produce rice. Simultaneously, the growth in
demand for rice has been declining in many areas because of both arise in incomes
and fall in the rate of population growth. The factors that have contributed to slower
growth and the implications for rice research are discussed in more detail in the sec-
tions that follow.

Productivity, poverty, and sustainability

The words “poverty alleviation” and “poverty eradication” have only recently be-
comethe pronounced goal of national governments and international donor agencies.
Yet, there was certainly an implicit belief that success in raising rice production in
Asiaand increasing farm incomes would have a positive impact on poverty allevia-
tion by averting famine and providing food security for millions of people. Michael
Lipton, an early critic of the Green Revolution (Lipton and Longhurst 1989, p 400),
wrote more recently that, “If social scientists had in 1950 designed a blueprint for
pro-poor agricultural innovation, they would have wanted something like the modern
varieties: labor-intensive, risk-reducing, and productive of cheaper, coarser varieties
of food staples’ (Lipton 1999). Even better would have been arange of modern vari-
eties benefiting less-favored, rain-parched areas. But, if initial emphasis had been
given to the marginal areas, such emphasis could not have produced enough extra
food in the 1960s and ' 70s to avert disaster.

A recent article in The Economist states that “the Green Revolution’s tool kit
probably saved more than a billion people from starvation” (The Economist, 25-31
March 2000). However, even today, despite convincing evidence to the contrary, a
large share of public opinion views the Green Revolution as having made the rich
richer and the poor poorer. Thisfact notwithstanding, legitimate concerns exist about
the benefits and costs associated with the Green Revolution in the past and, more
particularly, with future technological changein agriculture. In the next two sections,
we look at the plus side of the ledger—how the increase in rice productivity has
helped the poor. In the third section, we discuss the negative effects of Green Revolu-
tion technology and issues related to sustainability in the growth of rice production.

How has the increase in rice productivity helped the poor?
Research that leads to an increase in the productivity of rice contributes to poverty
alleviation through pathways that lead to benefits for rice producers, agricultural
laborers, and consumers. Initially, higher productivity results in higher profits for
farmers and more employment, particularly for agricultural laborers and for thosein
farm-related businesses. The early adopters benefited the most because, initialy, the
growth in production wastoo small to affect therice price. Subsequently, asthe adop-
tion of new technologies spread and rice pricesfell, the farmers with the largest mar-
keted surplus suffered the largest decline in income.

Because of the large size of the rice economy and the importance of rice in the
Asian diet, productivity gainsin rice compared with any other agricultural commod-
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ity grown in Asia have the widest potential impact on poverty reduction. The lower
prices for consumers are the inevitable result of growth in production that outstrips
growth in demand. Lower rice prices for consumers benefit the poor—including the
urban poor, rural landless, and nonrice farmers—di sproportionately because rice makes
up asmuch as 70% of their total calorieintake. A lower rice price stimul ates employ-
ment in the industrial and service sectors of the economy, drawing labor out of agri-
culture. For many economies, the structural transformation has not been smooth,
particularly where slow growth in the nonfarm sector failsto create sufficient jobsto
employ the surplus agricultural labor. However, this transformation in the economy,
described in more detail in the following section, is essential for long-term poverty
alleviation.

Asthe modern varieties spread, initial concerns focused on equity rather than on
productivity effectson poverty reduction. Large farmersand landownerswere seento
be benefiting at the expense of small farmers, tenants, and the landless. More than
two-thirds of the published research on what MV sdo to the poor focused on thisissue
(Lipton 1999). Evidence is convincing, particularly in the case of rice (where nearly
all farmsaresmall), that, in those environmentswhere MV s have been widely adopted,
the benefits have accrued to the well-to-do and poor alike (Barker and Herdt 1985,
David and Otsuka 1994). The poor consumers, for whom rice representsamuch larger
share of total calorie consumption, have often benefited disproportionately.

Thenew technology did favor irrigated areas over marginal environments. A study
of the effect of modern rice technology on income distribution on the basis of case
studies in seven Asian countries concluded that factor and product market adjust-
ments largely counteract the potentially adverse effects of differential MV adoption
across production environments (David and Otsuka 1994). For example, either sea-
sonal or permanent labor migration to irrigated areas has been a common phenom-
enoninAsia

It is scientifically more difficult to develop varieties for unfavorable production
environments. However, a pro-poor strategy must target those unfavorable environ-
ments with potential for success. Thisisillustrated by recent gainsin production in
theriver delta areas of eastern India, Bangladesh, and Vietham made possible by the
introduction of low-cost irrigation technologies (2-5-hp pumps and treadle pumps)
and a change in cropping pattern that allowed a shift from low-yielding deepwater
riceto MVs. In contrast, there is a general consensus that crops other than rice nor-
mally would be better suited to most upland (nonpaddy) areas.

Measuring the effect on poverty alleviation

The period from 1965 to 1985 saw a large decline in poverty (as measured by the
number of people below the dollar-a-day poverty line) based on rising crop yields,
employment, and public agricultural research effort, but this process has stalled since
then (Lipton 1999). Table 2 shows the decline in people below the dollar-a-day pov-
erty line from 1970 to 1990 for six East and Southeast Asian countries. The mgjority
of the poor areintherural areas, where the declinein poverty has been most dramatic.
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Table 2. Absolute poverty (1970-90) for six East and Southeast Asian countries
(China, Indonesia, South Korea, Malaysia, Philippines, Thailand).

Number of absolute poor Incidence of poverty
(millions) (%)
1970 1980 1990 1970 1980 1990
Total 377 289 152 35 23 10
Rural 351 265 132 40 27 12
Urban 26 24 20 13 9 5

Source: Lipton (1999).

Thedeclinein percentage of people below the poverty linein South Asiahas been
equally dramatic. Thisisbest illustrated in a study conducted by Datt and Ravallion
(19984). The research is based on surveys of poverty and consumption conducted
periodically by the National Sample Survey for the 15 magjor states in India from
1957-58 to 1990-91. The study links the reduction in rural poverty to growthin farm
productivity in India through a statistical model that incorporates wage effects and
food price effects. They find a downward trend in the squared poverty gap (SGP)!
index over time, while thereis an upward trend in yield. There is an 88% (negative)
correlation between the two trends, but there was a considerabl e lag, with the decline
in poverty not occurring until after 1975.

In a separate study based on the same data, Datt and Ravallion (1998b) identify
factors that explain why some Indian states have performed better than others. They
conclude that, although the trend rate of growth of average farm yieldsisimportant,
starting endowments of physical infrastructure and human resources—higher irriga-
tionintensity, higher literacy, and lower initial infant mortality—all contributeto higher
long-term rates of poverty reduction in rural areas. With the exception of Bihar and
Assam, the rice-growing states have performed at or above the average in rura pov-
erty reduction.

In contrast to Southeast Asia, the absolute number of the poor in South Asia has
continued to grow. For example, the number of people below the dollar-a-day poverty
line in South Asia was estimated to be 495 million in 1990 and 522 million in 1998
(World Bank 2001). The number of rural poor in Indiain 1994 was still nearly 250
million, essentially unchanged from 1970 despite data showing that the incidence of
poverty in rural India had fallen from 55% to 37% over the same period (Fan et a
2000). India exportsrice, whereas large segments of the population still lack the pur-
chasing power to obtain an adequate diet.

1The poverty gap (PG) is the average distance of the population below the poverty line—defined in this study as
the level of average per capita expenditure to achieve a nutritional norm of 2,400 calories per person per day.
For the squared poverty gap (SPG) index, the distances below the poverty line are squared so that the index
penalizes inequality among the poor.
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Government policies can play acritical rolein ensuring household food security,
but they frequently add to the problem. For example, high support pricesfor grainin
India have led to a huge surplus of grain stocks and Indiais now one of the largest
exporters of rice in the world market (Meenakshi and Banerji 2001). The support
price programs help neither producers, who do not receive the support price for their
sales, nor low-income consumers, who can buy better quality rice at market prices
lower than that offered by the government. More importantly, asis so often the case
with floor prices for grains, the support prices are unsupportable as the government
eventually findsthefinancial expendituresto be overly burdensome and discontinues
purchases.

Negative effects and sustainability

Theintensification and rapid growth in rice production have led to agrowing number
of environmental and health problems and raised questions about our capacity to
sustain growth in production for the foreseeable future. Pingali et a (1997) provide a
comprehensive analysis of these problemsand their environmental and health effects.

The various problems affecting sustainability of production were aresult of the
intensification process embedded in Green Revolution technology. The new technol-
ogy led not only to an increase in yields, but, with the development of irrigation,
made it possible to grow two or three crops of rice where only one had grown before.
Asthe ecology of thericefield changed, arange of environmental problems emerged
gradually over time. Solutions have been found with varying degrees of success but
have often proved to be only temporary. A continuing research effort has been needed
simply to maintain yield potential (so-called maintenance research).

Following the initial release of the MV's, serious pest and disease problems oc-
curred—most notably, brown planthopper and tungro virus. This resulted in the de-
velopment of more insect- and disease-resistant varieties (e.g., IR36) and in the very
successful efforts of the FAO to mount a campaign in integrated pest management,
IPM (FAO 1990). Perhaps as a result of these efforts, rice pesticide sales per unit of
cultivated rice areabegan to decline substantially in the early 1990sin many devel op-
ing Asian countries. But pesticide use is still large and increasing in some countries
(e.g., China). These chemicals have had negative effects on human health (Pingali et
al 1994), livestock, and fish culture. Clearly, some of the emerging problems or side
effects have extended well beyond those related simply to rice cultivation.

Subsidies for nitrogen fertilizer helped lessen the risk to farmers of adopting a
new technology and increased yields, but these higher yields have sometimes led to
the mining of other soil nutrients such as phosphorus and potassium (Pingali and
Rosegrant 2001). Compensation for theseinduced deficiencies may now requirelarge
quantities of imported fertilizer, since phosphorus and especially potassium fertiliz-
ersare produced largely outside Asia. There has also been some concern regarding a
possible deterioration in soil quality, reflected in yield declines in several long-term
experiments with continuous cropping of rice. Recent research has shown this prob-
lem to be less widespread and severe than originally thought, however (Dawe et a
2000, Tiongco and Dawe 2002).
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One of the more recent and | ess tractable problemsto arise rel ates to the manage-
ment of water resources. Until recently, most people believed that we would always
have enough water to grow food, to drink, and to support industry. However, many
countries and regions have entered a period of severe water shortage (Seckler et a
1998, Barker et a 1999). Many of the water problems such as salinity, waterlogging,
and overexploitation of groundwater are largely confined to the semiarid regions.
However, these regions include two of the major breadbaskets of Asia—the Punjab
and the North China Plain—where rice and wheat are commonly grown in rotation.
Furthermore, the growing scarcity and competition for water will be pervasive, ex-
tending well beyond the semiarid regions and profoundly affecting the way we value
and use water resources.

A common perceptionisthat, in rice production, enormous quantities of water are
being “wasted.” However, therice plant consumes about the same amount of water as
other cereal grains. Much of the water that is “lost” from one farmer’srice field is
used el sewhere, perhaps in the next farmer’s field, perhaps as return flow, or through
groundwater extraction farther down the basin.

This fact notwithstanding, most irrigation systems in monsoon Asia have been
poorly designed, managed, and maintained (Pingali et al 1997). Through better man-
agement practices at the farm and system level, there appears to be ample scope for
increasing the productivity of water (Guerra et a 1998) although further research is
needed to determine whether farm-level gainsin productivity translate into gains at
thebasin level (Perry 1999). Researchinterest isgrowing inintegrated water resource
management (IWRM), which focuses on the allocation of scarce water resources at
the basin level among competing uses—irrigation, municipal, industrial, hydropower
generation, and environment—and on the competing complementary relationship
between cana and groundwater development in the basin.

In summary, the gradual emergence and recognition of problems related to the
intensification of rice production have broadened the rice research agenda. Mainte-
nance research to ensure the sustainability of rice production to meet future demands
is a continuing process that extends beyond the initial focus on higher yields and
productivity to assess the potential effect of productivity gains on the environment,
health, and poverty aleviation.

Agricultural and structural transformation

All countries are striving for a successful transformation—the gradual evolution of
an economy from one based primarily on agriculture to one in which the large major-
ity of labor and output arein theindustrial and service sectors (Timmer 1997). Diver-
sification and commercialization of agricultural systems are part and parce of the
process of transformation. But, for such a transformation to take place, there must
initially be arisein agricultural productivity to generate food surpluses and free up
labor and other resources needed to support growth in the nonagricultural sector.
Whether through the improvement in rice production following the Meiji restoration
(1868) in Japan, the introduction of high-yielding Ponlai varieties in Taiwan, China,

The transformation of the Asian rice economy and directions . .. 13



in the 1920s, or the spread of the Green Revolution technology in South and South-
east Asiain the 1960s and ' 70s, the starting point has been much the same, that is, for
most Asian economies, the initial step in this transformation has been an increase in
land and labor productivity in rice production.

Table 3 depicts this structural transformation in the Asian economies. Over the
past 30 years, the share of GDP and the percentage of the labor force in agriculture
have been declining, more rapidly in South K orea; Taiwan, China; Indonesia; Malay-
sia; and Thailand, and more slowly in the Philippines and Sri Lanka. Because of the
slow absorption of labor into the nonfarm sectors in these last two countries, a sub-
stantia portion of the labor force has looked overseas for work and remittances have
become a significant foreign exchange earner and source of household income.

For most Asian countriesin the 1990s, GDPin agriculture was 25% of total GDP,
but 50% or more of the labor force remained in agriculture. The two- or three-to-one
ratio of the share of thelabor forcein agricultureto the share of GDP from agriculture
suggests that labor productivity is higher in the nonagricultural sector and that 1abor
will continue to be pulled toward the more productive nonagricultural sector.

The demographic transition

It is somewhat of aparadox that the success in increasing rice productivity leads not
only to further changes in production practices but also to a gradual decline in the
importance of ricein both consumption and as a source of farm household income.
Thisisaccompanied by both diversification of consumption and production and the

Table 3. Percent gross domestic product (GDP) and labor force in agriculture,
1960s and 1990s.

GDP in agriculture Labor force in agriculture
Region/country (%) (%)
1960s 1990s 1960s 1990s

East Asia

China (mainland) 40 21 82 70

South Korea 37 7 66 18

China (Taiwan) 28 3 56 10
Southeast Asia

Indonesia 54 17 75 57

Malaysia 30 13 60 25

Philippines 26 22 62 43

Thailand 40 11 84 64

Vietnam - 40 - 70
South Asia

Bangladesh 53 31 86 61

India 47 26 75 62

Sri Lanka 28 23 56 47

Sources: World Bank, World Development Report (various issues), and Council of Agriculture,
Taiwan, China.
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move from alargely subsistence to acommercial or market-oriented agriculture. In
the sections bel ow, we describe the changes, beginning with the demographic tran-
sition.

Historically, structural transformation has been accompanied by demographic
transition (Tomich et a 1995). In the first phase of the transition, mortality rates
decline but fertility remains high and the rate of population growth rises signifi-
cantly. In the second phase, rapid population growth ends as population growth de-
clinesto levels nearer the greatly reduced mortality rate.

Table 4 shows the trend in annual growth in population for East Asia, Southeast
Asia, South Asia, China, and India for two time periods. Although the decline has
been most dramatic in China, clearly South and Southeast Asia are rapidly entering
the second stage of the demographic transition. Because of the downward trend in
population growth and rising incomes, we can expect the growth in demand for rice
to decline. However, the growth in the labor force will remain high in theimmediate
future and finding gainful employment for this expanding workforce will be the ma-
jor concern of most governments. The greatest pressure will occur in South Asia,
where, as noted in the previous section, the number of people below the poverty line
has increased in recent years.

Changes in food consumption patterns

Thereisan inherent desire for diversity in dietary patterns among most populations of
theworld. For many of the poor inAsia, rice remainsthe priority in the diet, composing
70% or more of the calories supplied. But, asincomesrise, the proportion of ricein the
diet declines, giving way initially to wheat and more gradually to the consumption of
livestock and other products. For most of Asia, this means a growing level of imports
and the challengeisto find agricultural exportsto offset thisimport bill.

Table 5 ranks countries according to the percentage decline in rice as a portion of
the calories supplied in the diet from 1965 to 1995. Therate of declineisclearly associ-
ated with the rate of economic growth, with Myanmar experiencing no decline at all
and, at the other extreme, Japan experiencing a decline of 50%. There is also a strong
association between the decline in rice consumption per capitaand therise in incomes.

Table 4. Annual population growth (%) in Asia, 1965-70 and 1995-2000.

Years
Region or country
1965-70 1995-2000

East Asia (excluding China) 1.5 0.5
Southeast Asia 2.5 1.5
South Asia (excluding India) 2.7 2.2
China 2.6 0.9
India 2.3 1.7
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Table 5. Change in percentage of calories from rice in total per capita calorie
supply for Asian countries ranked by percent change from 1965 to 1995.

Per capita income

Percentage adjusted for purchasing Changes in

calories power parity percentage calories

Country from rice (current international $) from rice

1965 1995 1995 Change % Change
Asia 38 33 - -4 -12
Japan 42 23 11,718 -19 -45
Malaysia 49 31 4,285 -19 -38
South Korea 51 34 4,025 =17 -33
Thailand 69 47 2,096 -23 -33
Philippines 44 38 2,047 -6 -13
China 37 34 907 -4 -10
Sri Lanka 43 39 1,195 -4 -9
Vietnam 72 68 - -5 -6
Bangladesh 76 73 543 -3 -4
Nepal 37 37 582 -1 -2
Cambodia 76 76 - 0 0
India 33 33 724 0 1
Myanmar 73 76 - 3 4
Indonesia 47 51 1,285 4 8

Source: For percentage calories from rice, FAOSTAT (2001). For per capita income, World Bank,
World Development Report.

Changes in farming practices

Earlier, we indicated how the spread of the semidwarf high-yielding varieties had
brought a visible change to the rice fields. More visible changes have followed. At
first, labor inputs increased. But, as the rate of growth in yield has declined, the de-
mand for labor in the nonagricultural sector has grown, albeit not uniformly across
the region. The growth in labor productivity, caused initially by the increase in rice
crop yields, is now being achieved largely through the adoption of |abor-saving tech-
nology.

Thisrising and then falling trend in labor input reflects the fact that, in the early
stages of the agricultural transition in Asia, labor was in surplus. The Green Revolu-
tion technologies created jobs by increasing the labor requirements for asingle crop,
by making it possible in many areas to grow two crops of rice, and by producing
employment off the farm in a host of farm- and nonfarm-related activities. As the
transition proceeds and the demand for labor in the nonfarm sector grows, wage rates
rise and demand grows for labor-saving technologies at the farm level. With more
than 50% of thetotal labor force still in agriculture, thereisadanger that the adoption
of labor-saving technol ogies may move faster than the ability of the nonfarm sector to
absorb labor. The temporary setback in demand for nonfarm labor as a consequence
of the Asian financial crisisin 1998 illustrates this point. Lipton (1999) cautions that
thetop priority for antipoverty research should beto raiseyieldsin waysthat substan-
tially raise the demand for labor. Yet, many regions are experiencing real increasesin
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wages and declines in labor availability in many rice-farming areas (Estudillo and
Otsuka 2001, Kikuchi et a 2000). Thus, the appropriate adoption of |abor-saving
technologies is largely a matter of timing. As economies grow, the point is reached
where there is no longer a surplus but a shortage of labor in the agricultural sector.

The speed of adoption of these labor-saving technologies has varied by region,
but the unmistakable trend is marked by the gradual disappearance in many regions
of practices and techniques that have been used for centuries in rice production. Al-
though the pace of change varies from region to region, the tractor is gradually re-
placing the water buffalo for land preparation, direct seeding of rice is replacing
transplanting, particularly in the dry season, herbicides are replacing hand weeding,
and the mechanical thresher is replacing traditional hand threshing of paddy.

Indeed, the traditional Philippine song, “Planting rice is never fun, work from
morn to setting sun; cannot stand, cannot sit, cannot rest for alittle bit,” seemsto have
been a harbinger of thingsto come. Although the youth no longer look to rice farming
asaway of life, those left behind to tend the rice fields are adopting new practicesto
lighten the burden and increase the productivity of their labors.

Changes in sources of rural household income
Rice is becoming a smaller part of the total economy and for rice farmersit also is
becoming asmaller share of household income. For the Philippines, studiesby Estudillo
and Otsuka (2001) based on surveys from 1966 to 1994 in Central Luzon and by
Hayami and Kikuchi (2000) of a Laguna Province village over three decades docu-
ment the direction of this change (Fig. 4). The share of income from rice fell from
50% in the 1970sto 15% in the 1990s. The share of income from other farm activities
fell, but more gradually, and, by the 1980s, it exceeded income from rice. Theincome
from nonfarm activities rose from 10% to more than 60%.

Surveys identifying sources of household income were conducted in six villages
in two locations in Thailand in 1987 and 1994 (Isvilanonda et al 2000) and in four

| O Rice [ Other farm M Nonfarm origin |
Years

197476 ‘

1980-83 ‘

1995-96 ‘

0% 20% 40% 60% 80% 100%
Fig. 4. Change in percent income from rice, other farming, and non-

farm activities in a Laguna village, Philippines. (Adapted from Hayami
and Kikuchi 2000.)
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villagesin the Philippinesin 1985 and 1997 (Hossain et al 2000). The villages repre-
sented three rice-growing ecosystems—irrigated, rainfed, and upland. Table 6 sum-
marizesthe results. Despitethe shorter period of time, the patternis much the same as
in the Laguna village. The importance of rice as a source of household income de-
clines and nonfarm income increases in all three rice-growing environments.

One needs to be cautious about generalizing from these village case studies, par-
ticularly as regards the speed and magnitude of change. For example, the location of
the village has much to do with opportunities for nonfarm employment. A sample
survey was conducted in Bangladesh consisting of 1,245 rural households in 1988
and 1,316 rural householdsin 1995 (Hossain 1998). The pattern of change was simi-
lar but more gradual, with the share of income from rice falling from 28% to 24% and
the share of income from nonagricultural activities rising from 37% to 46%.

Diversification in the agricultural sector

Successful agricultural development requires the diversification of agriculture away
from the staple crops such as rice for which demand gradually declines. For smaller
countries, diversification must be associated with the devel opment of export markets.
Diversification of agriculture can occur at the farm level or in the agricultural sector
asawhole, with different regions of acountry specidizing in different crops (Timmer
1997).

By and large in Asia, the diversification of rice farmsto crops other than rice has
been difficult. Thisis because the surface irrigation systems have been designed and
managed to provide an adequate supply of water for rice but not to provide water
when needed for nonrice crops. The systems are said to be “supply-driven” rather
than “demand-driven.” For the former, farmerstailor their cropping to the time of the
irrigation deliveries. For the latter, the amount of irrigation water deliveredistailored
to the cropsthat farmers choose to grow. A notable exception has been Taiwan, China

Table 6. Change in percent income from rice, other farming, and nonfarm selected
villages in the Philippines and Thailand (Marciano et al 2001, Isvilanonda and
Hossain 1998).

Irrigated Rainfed Upland
Philippines 1985 1997 1985 1999 1985 1999
Rice 42 29 55 41 25 17
Other farming 18 6 26 10 42 22
Nonfarm 40 65 19 49 33 61
Thailand 1987 1995 1987 1995 1987 1995
Suphan Buri
Rice 56 21 53 17 53 27
Other farming 36 31 27 18 8 36
Nonfarm 8 48 20 65 39 37
Khon Kaen
Rice 46 8 28 8 30 19
Other farming 10 5 14 7 19 32
Nonfarm 44 87 58 85 51 49
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(Levine et al 2000). There, the irrigated area remained fairly constant from the mid-
1960s to the mid-1980s. But, during this period, the areain rice and sugarcanefell by
almost 50% and was replaced by fruits, vegetables, and feed grains, alowing the
value of agricultural production to continue to rise and the value of exports—includ-
ing livestock—to contribute significantly to foreign exchange earnings. The ability of
farmers to make these crop adjustments was due in large measure to the major gov-
ernment investments in land consolidation and in irrigation and drainage infrastruc-
ture during the 1950s and ' 60s that allowed water to be rotated at the 10-ha level.
Many Chinese irrigation systems have been designed with the same high degree of
infrastructure articulation and of water control and management needed to facilitate
diversification from rice to other crops.

For much of the rest of Asia, however, diversification of irrigated agriculture is
largely occurring through private farmer investment in tubewells and, more recently,
in microirrigation systems such as sprinkler, surge, and trickle irrigation. As noted
earlier, groundwater irrigation has been growing more rapidly than surface irrigation
in severa countries and the cost of these micrairrigation technologies has been fall-
ing rapidly. Large sections of the new irrigated area are not being cropped with rice
(Dawe et al 1998). Theinitia exploitation (and now overexploitation) of groundwa-
ter occurred largely in the semiarid regions but is now gradually spreading to the
MOoNsooN areas.

Several Asian countries have been successful in developing nonirrigated crops
for export. Following aninitial successin developing rubber exports, Malaysiain the
1970s and '80s captured 80% of the world's palm oil market. Although Thailand
remains the world's largest rice exporter, it successfully developed export marketsin
cassava, maize, and sugar. Vietnam has become the world’s second largest exporter
of rice, but also the second largest exporter of coffee. The share of total crop area
devoted to rice has declined in al three of these countries since the early 1960s by 10
to 20 percentage points. Yet, in countries such as Indonesia and India, little change
has occurred over time.

The world rice market, changing comparative advantage,
and domestic rice policies

High and unstable world rice pricesin the 1960s and ' 70s provided a major incentive
inAsian importing countriesto adopt Green Revolution technology and strivefor rice
self-sufficiency. Major investments in irrigation gave those countries and regions
outside of the mgjor river deltas of Asia at least atemporary comparative advantage
in producing rice. For political reasons, the collapse of exports from Myanmar, Cam-
bodia, and Vietnam added further uncertainty to theworld market. But, the successful
adoption of the new technologies and the growth and maturation of the Asian rice
economies have dramatically changed the picture.
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The world rice market

The opening of the Suez Canal in 1856 promoted the development of rice exports
from the major river deltas of Southeast Asia—the Irrawaddy, Chao Phraya, and
Mekong. The dominance of Myanmar, Thailand, Cambodia, and Vietnamin theworld
rice trade continued until after World War 11, providing a major source of foreign
exchange earnings for these countries. World trade remained small as a portion of
total world production—3-5%.

Through the 1950s to the mid-1960s, rice export prices remained stable. How-
ever, the withdrawa of Myanmar, Cambodia, and Vietnam from the export market
and a shift in policies in Thailand and the rice importers led to wide fluctuations in
world prices beginning in the mid-1960s. The rice importers adopted policiesto sta-
bilize their domestic prices, thus shifting instability to the world market. From 1961
to 1980, the coefficient of variation in world rice prices was 30%, while the coeffi-
cient of variation for domestic rice prices in most Asian countries was less than half
of that (Siamwalla and Haykin 1983).

A combination of factorsled to asurgein per capitarice production from 1981 to
1985. Thisresulted in the sudden plungein world rice pricesto less than 50% of their
previous levels (Fig. 1). One might ask why the slow, steady upward trend in per
capita production before the early 1980s had not led to a much earlier decline in
world prices. The most likely reason isthat Asian countries were much poorer in this
earlier period, which meant that theincome elasticity of demand was relatively high.
Thus, growth inrice production had to keep pace not only with population growth but
also with income growth, that is, increasesin per capita production were necessary to
keep world prices constant in real terms. As the economies have grown, population
growth has declined (Table 4) as has the importance of ricein diets (Table 5). Future
growth in demand is projected to be roughly equal to the now lower rate of population
growth (Rosegrant et al 1995).

For the last 15 years, world rice prices have remained low and relatively stable.
The greater importance of irrigation in rice production and improved pest and disease
resistance in modern varieties hastended to reduce variability in production per capita.
The reemergence and strengthening of the commercial orientation of major rice-ex-
porting nations and the move toward freer trade and increasing integration will im-
prove the performance of the world rice market. In addition to Thailand and Vietnam,
Cambodia and Myanmar may possibly become important players once again in the
near future.

Finally, from 1995 to 1999, a sharp increase in world market rice exports oc-
curred. Average world exportsin 1990-94 were 14.3 million metric tonsand in 1995-
99 22.5 million metric t. Although growth has been steady in demand for exportsin
Africaand Latin America, this sudden spurt was due to a doubling of demand in oil-
exporting countries and tripling of demand among Asian importers—Ilargely because
of shortfallsin production in Indonesia and the Philippines in 1998. Whether or not
this volume of trade will be maintained or continue to grow will depend on the con-
tinuing growth in demand outside of Asia, and on the decision of Asian importers
regarding the level of protection to provide to domestic rice production.
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Comparative advantage

Theintroduction of new technology increased the comparative advantagein rice pro-
duction for many of the Asian importing countries. Asia’s total imports of rice de-
clined from an average of more than 4.5 million metric tin 1965-75 to approximately
3 million metric t in 1985-95. In the former period, Asian imports represented ap-
proximately half of world trade, whereas in the latter period they represented only
25%. More recently, Asian imports have once again been on therise, but it remainsto
be seen whether this trend will continue.

With the recent fluctuations in exchange rates, assessing comparative advantage
is becoming a more difficult task. Thus, what is said below should be regarded as a
hypothesis that needs further testing. Since the early 1980s, it appears that many
Asianimporters have begun to lose their comparative advantage. Thiswould include,
in particular, the island economies of South and Southeast Asia, which were among
the early beneficiaries of the Green Revolution technology. Recent studies of eco-
nomic comparative advantage have been conducted in the Philippines (Estudillo et al
1999) and in Sri Lanka(Kikuchi et al 2000). Both studies show an upward trend since
the 1980sin domestic costs of rice production, largely because of an increasein wage
rates. The domestic cost of production per metric ton of rice hasrisen abovethelevel
of the cost of importing a ton of rice. For these countries, the benefit-cost ratios no
longer justify the investment in new irrigation facilities on economic grounds.

In contrast, the comparative advantage in the deltas, which include some of the
traditional exporting countries, has been strengthened. Recent improvements in wa-
ter management and the exploitation of groundwater have facilitated the introduction
of Green Revolution technology and accelerated growth in rice yields in Vietham,
Bangladesh, and West Bengal (India). These were among the late adopters in part
because the appropriate technol ogy for managing water was not at hand, and for other
reasonsaswell (e.g., Viethamese market-economy liberalization began only in 1990).
The sharp devaluation of the Thai currency during the Asian crisishelped to maintain
Thailand's position as the world's largest exporter of rice. In summary, low wage
rates coupled with plentiful water appear to give the deltas a strong comparative ad-
vantage in rice production.

Domestic rice policies

Domestic rice policymakers face two decisions—at what level to set the domestic rice
price and how to ensure price stability. Setting the level of the domestic rice price
became amore difficult political issue when world rice pricesfell substantialy in the
mid-1980s. The more devel oped Asian rice-producing countries have all made essen-
tially the same choice in recent years. keep domestic prices above world rice prices.
Japan and South Korea currently have very high nominal rates of protection and pro-
vide the most dramatic exampl es of this choice (Table 7). This choice may have been
duein large part to the substantial appreciation of the national currency (the yen and
won), since higher real domestic rice prices have been only a minor contributor to
higher nominal rates of protection (Timmer 1993). Thus, whether other countries
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Table 7. Nominal protection rate for rice in nine Asian countries, 1960-95
(David and Huang 1996, IRRI 1995).

Country 1960-70 1970-80 1980-88 1988-95
Japan 70 148 443 496
South Korea 17 65 243 431
Taiwan (China) -12 6 101 246
Philippines 31 -3 6 39
Bangladesh 68 51 32 18
Indonesia - 3 27 18
Sri Lanka 36 42 -4 8
Thailand -28 -28 11 5
India 19 -5 -3 =17

follow the path of high protection taken by Japan and South Korea may depend on
what happens in the future to world rice prices and exchange rates.

It is not clear how this conflict between high protection for rice and increased
trade liberalization will be resolved. Although the Uruguay Round of the General
Agreement on Tariffs and Trade (GATT) was amajor milestone for international ag-
ricultural trade, no Asian rice producers have yet made major binding international
commitmentsin the direction of allowing equilibration between world and domestic
prices. Perhaps the most significant commitments have been made under the Associa-
tion of Southeast Asian Nations (ASEAN) Free Trade Agreement (AFTA). Indonesia
and Malaysia agreed to end nontariff barriers (NTBs) on rice by 2010 with a maxi-
mum tariff of 20% for intrae ASEAN trade. The Philippines has al so agreed to remove
NTBs by that date, but with an as yet unspecified maximum tariff. These agreements
could have magjor effects on rice producers and consumers in those countries, espe-
cialy since the world's two leading rice exporters (Thailand and Vietnam) are mem-
bersof ASEAN. Yet, there remain safeguard provisionswhoseeffectscouldin principle
be quite important. Large domestic protection for the traditional Asian riceimporters
would retard the development of a vibrant international market for rice. Given the
recent surge in subsidies for U.S. rice production, rice export subsidies in Thailand
and India, and theimposition of aricetariff in Indonesia, the prospectsfor liberalized
rice trade in the near future are very uncertain.

Ensuring domestic rice price stability hasbecome an easier task in the past decade
for at least two reasons. First, world rice prices were more stable during the past 15
years than they were from 1965 to 1980. In fact, world rice prices were more stable
than world wheat and maize prices from 1985 to 1999, which was not true in the
earlier erawhen the world rice market gained areputation for severeinstability. Sec-
ond, even after accounting for the setback caused by the recent economic crisis, most
countries in the region have experienced significant economic growth and structural
transformation during the past 30 years. Asaresult, theimportance of riceto consum-
ers, producers, and the macroeconomy is correspondingly less.

Nevertheless, rice price instability will not go away as a problem in the eyes of
policymakers. For one, with the increased liberalization of financial markets, free
trade in rice would expose consumers and producers not only to instability on world
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rice markets but also to exchange rate instability. More important, for many poor
consumers and farmers, rice still constitutes a substantial share of their expenditures
(for net buyers) or income (for net sellers). Large sudden price movements will pro-
foundly affect the effective purchasing power of these poor individuals and thereisa
legitimate role for government to smooth such fluctuations (Dawe 2001).

The challenges ahead

Asid’s transition from an agricultural to an industrial society is well advanced. De-
spite the sethack caused by the Asian financial crisisin 1998, economic development
and the structural transformation appear to be back on course. Growth in agriculture
has supported industrial growth. Incomes have risen and popul ation growth rateshave
declined, accompanied by agradual declinein per capitademand for rice. There have
been significant gains in poverty reduction. Rice prices have been low and stable for
more than a decade.

The declining budgets for research suggest that many donors are asking why they
should continueto invest in rice research. Alternatively, what investments are needed
to ensure sustained rural economic development? These are reasonabl e questions that
deserve serious consideration.

Why continue investing in rice research

and related technological developments?

The short answer to this question is sustainability and poverty reduction. As noted
earlier, the intensification of rice production and rapid growth in output have been
achieved at asignificant cost in environmental degradation and pollution. The engine
of agricultural growth has slowed or stalled. How much of this is due to declining
prices, to the near full exploitation of existing technological potential, or to environ-
mental degradation? For example, what will bethe effect of overexpl oitation of ground-
water and falling water tables in the Punjab and North China Plain on Asian food
supplies? We don’t know the answer to questions such asthese. But wefacea“ Catch
22" (see Heller 1962). At today’s low world food grain prices, it doesn’'t seem to pay
toinvest in research and devel opment that will lead to sustainable gainsin productiv-
ity in the future. But, given the long gestation period for most research and devel op-
ment efforts, failure to invest could lead to higher food prices and even erase some of
the gainsin poverty reduction achieved in the past.

A second, more compelling and challenging reason for investing in research and
development rel ates to the need to extend productivity gainsand poverty reduction to
those segments of Asian society and the rest of the developing world that have not
benefited from the Green Revolution. The projected number of peoplein South Asia
who cannot afford an adequate diet will still belargefor the foreseeable future. Under
the baseline assumptions of the IMPACT model of the International Food Policy Re-
search Institute (IFPRI), which projects a slight declinein world rice prices by 2020,
there will still be more than 50 million malnourished children below the age of six in
India and Bangladesh at that time, accounting for nearly half the population in that
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age group (Rosegrant et al 1995). If world rice priceswereto rise, the situation would
be much worse. If weignore thisissue, then alarge segment of Asian society will fail
to participate in economic development.

We emphasize that poverty will be reduced in the future as it was in the past by
sustained growth in agricultural productivity. But the link between “poverty allevia-
tion” and “ productivity growth” seemsto be poorly understood. Lipton (1999), refer-
ring to what he calls “mission creep” in the Consultative Group on International
Agricultural Research (CGIAR), reportsthat investmentsto increase productivity fell
from 74% of total investment in 1972-76 to 39% in 1997-98. Yet “poverty eradica-
tion” is now the main theme of the CGIAR. If the CGIAR isto make progresstoward
this goal, international agricultural research centers must attempt to ensure that bud-
get reductions do not further erode research on productivity.

What are the prospects for further gains in rice productivity?

Major advances in varietal improvement designed to break the yield ceiling estab-
lished by IR8 include anew plant architecture and the development of hybrid rice that
is adaptable to the tropics (Dawe 1998). Compared with current modern varieties, the
new plant type (sometimes referred to as “super rice”) will have fewer tillers but
these tillers will have longer panicles bearing more grains, plus sturdier stems and
deeper roots to support the increased grain weight. The grain-bearing panicles will
also sit lower relative to the tops of the leaves to reduce shading and enhance photo-
synthetic activity.

Hybrid rice will give ayield advantage of about 15-20% over inbred lines. Hy-
brids have been grown for 20 yearsin Chinaand until recently covered half of China's
rice-growing area. It appeared that hybrids were poised to spread rapidly in India, but
consumers have regarded the quality asinferior to that of popular inbred lines and the
price has been discounted by more than 10% (Janaiah and Hossain 2001).

Whether the above technol ogieswill have amajor effect on production and produc-
tivity isuncertain. However, biotechnol ogy—tissue culture, gene mapping, gene trans-
fer, etc.—has now become an important avenue for advancesin plant breeding. Owing
to the advent of molecular mapping and the ability to scan the genomes of wild species
for new and useful genes, we may now bein aposition to unlock the genetic potential of
these germplasm resources (Tanksley and McCouch 1997). For rice, for example, ex-
otic germplasmisalikely source of new and valuable genes capable of increasing yield
and a source of other complex traits important to agriculture.

However, the ability to capture intellectual property rights has led to rapid pri-
vate-sector investments in biotechnology and, in some instances, a virtual buyout of
public-sector research capacity at universities. The concernisthat the priorities of the
privatefirmsarelikely to draw funding away from important crop improvement work
that would benefit the developing countries and in particular the poorer segments of
their economies (Herdt 1998).

The Rockefeller Foundation, over the past 15 years, has been supporting biotech-
nology research on rice by more than 50 researchers from advanced and developing
countries. These and other interested researchers have met every 18-24 months to
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review progress, exchange experiences, and make arrangementsfor training opportu-
nitiesin one another’s facilities. More than 400 scientists from devel oping countries
have been trained at the PhD or postdoctoral level in this effort. The recent develop-
ment of varieties fortified by vitamin A and iron demonstrates the potential of such
work not only in improving yields and insect and disease resistance, but also in im-
proving nutrition and health. In efforts to ensure public-sector support for researchiin
rice biotechnol ogy, rice scientistsface yet another obstacle—the growing public con-
cern about genetically engineered plants.

A new priority area for research

With the decline in funding for research, those areas with potential for increasing
productivity must be carefully targeted. As pointed out earlier, scientists disagree on
thepotential for increasing productivity inirrigated as opposed to rainfed areas (Hossain
1999, Otsuka 2000). The need for productivity increasesis clear in both areas, how-
ever. Many poor peoplein Asiaare rice farmers, but in many of these countries even
larger numbers of poor people are net consumers of rice. Thus, it is crucial to raise
productivity in the less favorable environments, where poor farmers live, and in the
favorable environments, which supply rice for the urban poor and the rural landless.
Pingali et a (1997) suggest that a pro-poor research prioritization should partition
research resources fifty-fifty between the irrigated lowland environments and less
favorable rice-growing environments.

Gains in productivity in the past have typically come from increasing yield per
hectare. Because land was frequently the most limiting resource, achangeinyield per
hectare provided agood proxy for again in productivity. However, as other resources
have become scarce, productivity must be examined in a broader context. For ex-
ample, do gainsinyield per hectare translate into higher net returnsfor afarm where
labor and management are in short supply (Barker et al 2001a)?

A constraint even more critical than land or labor in many regionsisthe growing
scarcity of and competition for water. Water scarcity islikely to dictate amajor change
in our research prioritiesin the future and yield per cubic meter of water will become
an increasingly important yardstick in measuring productivity gains. Past gains in
water productivity have come indirectly from yield increases since no additional wa-
ter was used to grow MV srelative to what was used for traditional varieties. Most of
the increases have resulted from improvements in the harvest index, which is now
approaching its theoretical limit (Richards et a 1993).

The human cost of drought in rainfed areas (e.g., Pandey et a 2000) and the
increasing need for water-use efficiency inirrigated areas give great urgency to breeding
crops and developing management practices to enhance tolerance of water stress
(Bennett 2001). Making headway in this new priority will require close interaction
among scientists in several disciplines, including plant breeding, plant physiology,
genomics, hydrology, agronomy, and economics.

Thisrelatively new priority area addresses the need to increase water productivity
in both the unfavorabl e rice-growing environments and theirrigated lowlands. Progress
isalready being made on both fronts. The West Africa Rice Devel opment Association
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(WARDA) has developed a variety based on an Oryza glaberrima x O. sativa cross
for upland areas and it is now being adopted in rainfed rice areas. The early develop-
ment of the crop canopy in this variety reduces wasteful evaporation of water from
the soil surface and competition for water fromweeds. At twoirrigation sitesin China,
IRRI and the International Water Management Institute (IWMI) are working with
Chinese colleagues on the project “ Growing More Rice with Less Water” (Barker et
al 2001b). In April 2002, IRRI will host a conference bringing together researchers
working on avariety of water-saving management practices to share knowledge and
identify further research needs.

Looking to the future

The major trends in economic development described in this paper will continue.
These are (1) a continued decline in population growth, (2) a gradual decline in
agriculture's share of GDP and the labor force, (3) a shift in consumption patterns
away from rice to higher valued crops and livestock products and the related com-
mercialization of agriculture, (4) a growing scarcity and rising value of resources
such as land, water, and labor, and (5) a declining dependence on rice as a source of
farm income. During this period, the terms of trade have turned against agriculturein
general and rice and other cereal grainsin particular, aided in large measure by the
continued high level of supports and subsidies for agriculture in the developed coun-
tries.

As we speculate on the future, several unresolved issues and questions remain.
Not al are answerable; however, some should dictate the directions for future rice
research. These questions are the following:

« What isthe potential for increasing the productivity (not just yield per hectare)

of ricein theirrigated lowlands and rainfed uplands?

« What effect will the growing scarcity and competition for water have on rice
supplies and food security?

« How will productivity gains affect environment, health, and poverty alevia-
tion?

« How will therising cost of resources—land, labor, and water—shape research
priorities?

« How will intellectual property rights and concern about genetically engineered
plants affect the research environment?

« How can we ensure that those who lack purchasing power for an adequate diet
will receive the benefits of further gainsin rice productivity?

« Should therebeashortfal in rice production, what isthelikely supply response
to anincreasein rice price?

« Who hasthe comparative advantage in producing rice and to what degree should
those countries without a comparative advantage subsidize their rice produc-
ers?

« What is the future of the world rice market and of effortsto liberalize trade?

« What are the projections for domestic demand for rice?

« What effect will climate change have on rice production?
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Without attempting to answer these questions, we conclude as follows. For the
foreseeable future, rice will continue to be the dominant crop in Asiaand an impor-
tant source of employment for therural labor force. Thus, increasing rice productivity
continues to be the foundation for rural development and a key component in a strat-
egy for national food security and sustainable poverty aleviation.
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China’s rice economy and policy: supply,
demand, and trade in the 21st century

J. Huang, S. Rozelle, R. Hu, and N. Li

Rice is the most important food crop in China. China’s rice is also the largest
component and most dynamic part of the world rice economy. The purpose of
this paper is to examine trends in China’s rice economy and policies govern-
ing the agricultural sector and predict China’s future involvement in world
rice markets. The study shows that, while the rice sector has been heavily
penalized by price and marketing policies as well as macroeconomic policies
such as the overvaluation of domestic currency, rice productivity has gained
substantially from productivity-enhancing investment such as agricultural re-
search and irrigation. Projections show that, under the most plausible ex-
pected growth rates in the important factors, China’s grain imports will rise
over the projection period. But, rice trends are in stark contrast to those of
feed grains. Increasing maize imports arise mainly from the accelerating
demand for meat and feed grains. The expected increasing rice exports will
offset part of the increase in feed grain imports.

The most important difference among the projections for rice supply,
demand, and trade is in the sensitivity of predictions to the simulation as-
sumptions. Different rates of agricultural investment create some of the larg-
est differences in production and trade. Most major demand factors—urban-
ization, income growth, and market liberalization—are pushing China’s con-
sumers to reduce rice demand over the next 20 years. With a significant
change in agricultural policy in response to China’s entry into the World Trade
Organization, supply will not only be able to keep up with demand, but also
rice exports will be enlarged. China is expected to become a major player in
the world japonica rice market in the coming decades.

Riceisthe most important food crop in China's agricultural economy. During the last
three decades, rice sown areawas about 27—29% of total grain sown areain the coun-
try and rice production accounts for 41-45% of total grain production (Table 1).
Moreover, rice makes up 40% of calorie intake in China (Huang and Rozelle 1996).
Chind's rice is also the largest component of the world rice economy. Since 1970,
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Table 1. Importance of China’s rice economy, 1970-99.

Item 1970 1980 1990 1999
(%)

Rice in China’s grain economy

Area 27 29 29 28

Production 45 44 42 41
China’s rice in world rice economy

Area 24 23 23 20

Production 36 38 38 34

Sources: National Statistical Bureau of China and USDA, ERS.

Chind's rice area has accounted for nearly one-fourth of the world’'s sown area and
more than one-third of its rice production (Table 1). The rise in the rice supply in
China during the 1970s and '80s is one of the most remarkable success stories in
science and technology and policy-making. Several factors contributed to the sharp
increase in production (Huang et al 1996, Fan 1991). Technology changes, increasing
availability of water, inorganic fertilizer, and other farm chemicals have kept rice
production growth exceeding population growth. Institutional change al so stimulated
production, particularly in the early reform period, 1979-94 (Lin 1992, Huang and
Rozelle 1996).

Future gains, however, may not have as many sources and may rely mostly on
further technological breakthroughs. High input levelsin many countries and dimin-
ishing marginal returns mean that increasing inputswill not provide largeincreasesin
output. Water shortages and increasing competition from industry and commercial
cash crops do not provide much hope for large gains in area and yield from invest-
ment in water control. Institutional change in many cases provides only one-time
changes and has been shown to be largely exhausted in China (Huang and Rozelle
1996). Inthefuture, many have predicted that almost all gainswill haveto comefrom
second- and third-generation Green Revol ution technologies (Pingali et al 1997, Huang
et al 1999). However, our recent studies show that the growth rate of investment in
agricultural research and extension declined significantly in 1985-95 and an increase
restarted only in the late 1990s (Huang et al 2000, Rozelle et al 1997, Huang and Hu
2001).

On the demand side, as markets develop, the patterns of demand change. But
pressure moves in many directions. Better retail markets provide consumers with
more choices. For example, northerners can get better japonica rice and southerners
have accessto high-quality indicaand japonicarice. Market development and urban-
ization have also been shifting food consumption from staple food grains including
rice to meats, fruits, vegetables, and other foods (Huang and Rozelle 1998). Within
the same commaodity, for example, demand for high-quality rice has been rising as
income growth and urbanization expand (Huang 1994, Huang and Rozelle 1995). As
labor markets expand, northern rural migrants will consume more rice as they enter
urban society and move to southern regions; southern migrantsto urban and northern
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regions, on the other hand, will eat less. Changes in both demand and supply side
factors are expected to have significant effects on the rice economy in China (Fan et
al 1994).

China's recent entry into the World Trade Organization (WTO) hasled to awide
debate on its effects on both the domestic and global economy. The WTO entry af-
fects all areas of the economy, but iswidely expected to have a particularly dramatic
effect on agriculture and hence rural areas. One reason is because the reforms in
China over the past 23 years largely ignored trade policies for key farm products;
therefore, much remains to be done. The other reason is that China has committed
itself to major changes in farm trade policies by 2005—commitments that are far
greater, and much faster, than any other devel oping country committed itself toin the
Uruguay Round Agreement on Agriculture (Anderson et a 2001).

Theeffect of meeting those commitments on agriculturewill directly affect China's
farm sector plusitsfood, feed, and fiber processors aswell as consumers of food and
beverages. However, the effects are not clear in many aspects. Some claim that these
effects will be substantial. Imports of numerous farm products are expected to in-
crease significantly (Li et al 1999) and thiswill put downward pressure on the prices
received by China's farmers. Others argue that the effects of China's entry into the
WTO may not be large but modest (Anderson and Peng 1998, Huang et al 2000).

In contrast to maize, wheat, and soybean, which are adversely affected in domes-
tic production and imports by trade liberalization, various debates seem to haveled to
a consensus that China's joining the WTO may help the country further develop a
strong rice sector.! Its exports are projected to rise and domestic production will ex-
pand (Huang and Chen 1999). L ess consensus on the effect of trade liberalization on
therice economy isthe extent of this effect and the effect on variousrice varietiesand
farmers’ income. A careful examination of China's rice economy suggests that the
sector remains difficult to predict sinceit defies categorization (i.e., conventional and
hybrid rice, indicaand japonicarice). The potentia for future productivity increases
isdifficult to gauge by studying other devel oping countries since more of China'srice
areaisirrigated than in any other main producing nation, and its own research sys-
tem, which hastraditionally produced some of the world’s most advanced wheat tech-
nology, isin disarray (Huang 2001). Demand structure has been changing. All of this
will have a significant effect on rice production, farmers' income, and rice trade.
Although China's net exports have been less than 1% of domestic production, its
share of total world rice exportstypically rangesfrom 10% to 20%. The future perfor-
mance of China's rice sector is of critical importance to the welfare of China's do-
mestic population and could have pervasive effects on world food markets.

1This consensus appears in the discussions of all workshops and seminars held recently in China and abroad.
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The overall goal of this paper isto further explore the special features of China's
rice economy and to increase the understanding of its domestic rice sector and its
future participation in global markets. It also seeks to establish a more comprehen-
sive, trangparent, and empirically sound basisfor ng the future growth of China's
rice supply, demand, and trade needs. To meet this goal, the first section assesses the
trends in China's rice economy and examines a series of factors, beyond income and
prices, that may have an important effect on Chinese grain demand and supply. This
discussion also necessarily entails a close look at China's domestic and marketing
policies and the effect on the rice sector of recent measures to liberalize its grain
market. A supply and demand projection model for China’s agriculture is devel oped.
Inthismodel, aseriesof important structural factorsand policy variablesisaccounted
for explicitly, including urbanization and market development on the demand side
and technology, agricultural investment, environmental trends, and institutional in-
novations on the supply side. After reviewing the baseline assumptions and forecasts,
the results of the baseline projections are presented. Then, alternative scenarios are
examined under different rates of growth in income, population, and investment in
research and irrigation, and policy implications are derived from the alternative sce-
narios.

Rice production

Growth trend

The growth of agricultural production in China since the 1950s has been one of the
main accomplishments of the nation’s devel opment policies. Except during the fam-
ine years of the late 1950s and early '60s, the country enjoyed rates of production
growth that outpaced the rise in population. Even from 1970 to 1978, when much of
the economy was reeling from the effects of the Cultural Revolution, grainyield grew
at 2.8% per annum (Table 2, rows 1-3). After accelerating to 5.8% per year in the
early reform period of 1978-84, grain yield growth slowed to 1.8% in the 1984-95
decade and to 1.2% only in the late ' 90s (Table 2).

Rice production in China also has grown steadily throughout the last several de-
cades (Table 2). In the 1970s, rice yields increased at about 2% annually. The growth
rate accelerated to 5.1% in the early reform period (1978-84). Although the growth
rate slowed somewhat after the mid-’ 80s, rice yields are still among the highest inthe
world, reaching 6.3 t ha'l by the late '90s (NSB 2001). These successes have de-
pended on the government’s continual effort to modernize the nation’s rice economy
(Hu et al 2000). But, unlike wheat (which maintained its sown area) and maize (which
increased its sown area significantly after the mid-1980s), rice producers saw a de-
clinein the sown areaat 0.6% per year from 1970 to 1995. Rice production and yield
growth rates fell behind the average for overall grain in each of the subperiods since
the mid-1980s.
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Table 2. Growth rates (%) of rice and total grain production, sown area, and yields
in China, 1970-1999.

Prereform Reform period
Commodity
1970-78 1978-84 1984-95 1995-99

Grain

Production 2.8 4.7 1.7 1.9

Sown area 0.0 -1.1 -0.1 0.7

Yield 2.8 5.8 1.8 1.2
Rice

Production 2.5 4.5 0.6 1.6

Sown area 0.7 -0.6 -0.6 0.3

Yield 1.8 5.1 1.2 1.3
Wheat

Production 7.0 8.3 1.9 2.1

Sown area 1.7 0.0 0.1 0.1

Yield 5.2 8.3 1.8 2.1
Maize

Production 7.4 3.7 4.7 3.2

Sown area 3.1 -1.6 1.7 2.9

Yield 4.2 5.4 2.9 0.3
Cash-crop sown area 2.4 5.1 2.1 3.5

Notes: Growth rates are computed using regression method.
Sources: NSB (1980-2000) and MOA (1980-2000).

Structural changes in production

A yield increase has been the central goal of crop research and technology policy.
China developed and extended its first fertilizer-responsive, semidwarf rice varieties
in the early 1960s before the rest of the world had been introduced to Green Revolu-
tion technology. By the early ’80s, more than 98% of China's rice area was planted
with improved varieties (both conventiona high-yielding varieties and hybrid rice
cultivars, Huang and Rozelle 1996). Disease-resistant varieties were developed and
extended throughout the late 1970s and ' 80s.

One of the largest breakthroughs in rice yield, the development of hybrid rice,
was made by Yuan Longping in Hunan Province in the early 1970s (Lin 1991). In
1976, Chinabegan to extend F; hybrid rice varieties for use by farmers. With a poten-
tial 15-20% yield advantage over conventional high-yielding varieties, the area un-
der hybrid rice expanded rapidly from 4.3 million hain 1978 to 15.9 million hain
1990, increasing from 12.6% of rice sown areato 41.2% (Huang and Rozelle 1996).
The share of hybrid ricein total rice areareached a historical high in the early 1990s
(Table 3), when more than half of the rice in Chinawas hybrid rice.

However, the high-yield goal of research and extension policies hasfaced agrow-
ing challenge since the early 1990s. After 1993, when therice retail market was liber-
alized, hybrid usefell because of concerns about quality. Our estimates show that the
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Table 3. Structural changes (%) in rice production in China, 1980-2000.

Area shares by Shares by region Hybrid rice

Year area share?
Indica Japonica South North

1980 89 11 94 6 14
1985 88 12 93 7 26
1990 84 16 90 10 49
1995 79 21 89 11 52
2000 73 27 86 14 50

aHybrid rice area reached a peak in 1991-92 and accounted for about 54% of total rice area.
Conventional (nonhybrid) rice area share = 100% — hybrid rice area share.
Source: The authors’ survey.

share of hybrid rice area declined from its peak level of 54% in 1991-92 to 50% in
2000 (Table 3). Increasing demand for high-quality rice is also believed to have a
significant effect on rice production by region and type of rice, indica and japonica
(Table 3). Rice area expanded rapidly in North China, a major japonica production
area. North China's share of rice sown area grew from less than 6% before the 1980s
t0 10% in 1990 and 14% in 2000. Severa provincesthat weretraditionally indicarice
producers in the lower part of the Yangtze River Basin, such as Jiangsu, Zhejiang,
Shanghai, and Anhui, have now become major new japonica producers. Rising rice
production in North China and shifting rice production from indicato japonica culti-
varsin theYangtze River Basin have raised the share of japonicarice areafrom 11%
in 1980 to 16% in 1990 and 27% in 2000 (Table 3).

The nature of technological change
By the early 1980s, China's research and devel opment system for agriculture reached
itspeak. In part asaconsequence of past investments, reform erabreeders haveturned
out a constant stream of varieties (Table 4). Since 1982, rice farmers in China have
used about 400 “major” varieties each year (Table 4),2 which implies that farmersin
each province use around 25 major rice varieties per year. However, this number
varies greatly across regions, ranging from less than 10 in Hebei to around 50 in
Guangdong. Hu et a (2000) showed that historic investment priority, fortunate break-
throughs, and the availability of international germplasm have all contributed to the
activities of plant breeding programs and spread of rice varietiesin China.

China's breeding efforts have also enhanced the quality of its seed stock. Using
experiment station yields of each major variety during the year that the variety was
certified, two measures of quality were developed: a“yield frontier” variable and an

2A “major” variety in our sample is any variety that covers at least 10,000 mu (or 667 ha) in a province. Since
our database is built on this concept, we do not have full coverage. In fact, the proportion of area covered by
“major” varieties exceeds 90% in each province.
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Table 4. Major variety, yield frontier, and total factor productivity (TFP) of rice in the 16 major
rice-growing provinces and agricultural research investment in China, 1981-99.

Average

Rice increase Adopted yield Output  Material Labor input  Total TFP

Year variety in yield potential® index¢ input index® (days ha™?)° input index°
number frontier? (kg hat) index
(kg ha™)

1980 - - - 99 103 567 97 109
1981 - - - 100 101 485 93 120
1982 379 460 402 112 108 393 87 138
1983 333 468 414 118 111 364 87 146
1984 380 509 415 122 113 345 84 156
1985 424 512 424 115 116 330 80 154
1986 419 515 431 117 119 325 79 157
1987 373 552 438 117 124 317 78 158
1988 381 577 449 115 136 318 80 151
1989 365 590 455 123 141 315 82 158
1990 412 595 463 127 143 312 82 163
1991 395 595 465 123 144 296 78 165
1992 403 601 476 121 144 290 74 169
1993 392 603 475 117 142 285 70 179
1994 416 605 476 116 167 271 74 169
1995 391 611 483 121 170 287 77 170

aThe yield frontier is the highest experiment station yield of a variety that has been extended to the field. The
variable is nondecreasing in the sense that, if in some subsequent year the highest-yielding variety has a lower
yield, the previous period’s yield is maintained. "Adopted yield potential is the average experiment station yields
of all varieties being adopted by farmers. cThe base year of all indices is 1979 (1979 = 100).

Source: Hu et al (2000).

“adopted yield potential” variable.3 The yield frontier, which is created by using the
highest yield of any one major variety in the field in each province during a given
year, is ameasure of the ultimate yield potential of the current technology used by
farmers in each province. The other variable, adopted yield potential, is the average
of the experiment station yields of all major varietiesthat have been adopted by farm-
ers.

According to the abovetwo measures, China sresearch system has created asteady
stream of high-quality technology (Table 4). Theyield frontiers for rice moved up at
2.3% per year from 1980 to 1995, most likely because of the development of hybrid
cultivars. Farmers, however, have not always chosen (or perhaps been able to choose)
the highest-yielding varieties. The average adopted yield potential of major varieties
in the sample area has risen at the annual growth rate of 1.4% during the reforms

3“Yjeld frontier” is defined to be nondecreasing. If a major variety (defined in note 2) used by farmers in the field
has the highest yield one year, it is assumed that the yield frontier in that province has reached that yield level
and will not fall, even in the rare case that farmers have stopped using that variety and all other varieties have
lower certified yields in the following years.

China’s rice economy and policy: ... 39



(Table 4). When compared with the farmers’ actual yields in 1980, the differenceis
31%, a gap that is not high by the standard of developing countries (Pingali et a
1997). In part reflecting the rapid rise in material inputs (see discussion above), the
gap fell from 31% to 14% from 1980 to 1995.

The gap between adopted yield potential and actual yield for rice is small when
compared with that of other rice countries. In 1987, China's gap wasonly 1.0t hal
(or 15%); similar (although not exactly comparable) gaps ranged from 5t ha® (or
65%) in the Philippinesto 3.5t ha'l (or 58%) in India(Pingali et al 1997). Relatively
low yield gaps may imply that further gains in realized total factor productivity of
ricein Chinamay be more difficult since most of them must come from increasesin
the creation and adoption of new varieties.

The gap between the yield frontier and adopted yield potential has grown (Table
5). Thishas severd different implicationsfor China sfutureyield growth. High-yield-
ing varieties may not be moving out into the field because of some physical, policy, or
infrastructure constraint. On the other hand, it could be that farmers are finding other
varieties with lower yields that are more effective in increasing their profits. The
large changes in the rice market (Rozelle et al 2000, Luo, 1999) and increasing de-
mand for high-quality rice (there is atrade-off between high yield and better quality)
may partially explain the fact that the gap between the yield frontier and adopted
yield potential has grown substantially.

Growth of TFP

Rice output increased by 20% in 1982-95 (Table 4). Divisia indices of aggregated
inputs, including land, labor, fertilizer, and other material inputs (see Hu et a 2001),
actualy fell, but thisis due mainly to the decline in labor in the early reform period
and sown area later. Materia inputsincluding fertilizer, pesticides, and other factors
rose sharply. Aggregated data show that the material inputs increased annualy at
32%.

Although the mobilization of inputs has been a mgjor part of theincrease in rice
during the last 20 years, China's future rice supply increases may not be able to rely
on inputs as much as in the past. High levels of fertilizer and pesticide use in many
regions of the country mean that alarger expansion of these inputsin the future may

Table 5. Experiment station yields (yield frontier and adopted yield poten-
tial), actual yields, and yield gaps in 16 major rice-growing provinces, 1980-

95.

Item 1980 1995 Annual
(that) (tha?) growth rate (%)

Yield frontier 6.6 9.1 2.3

Adopted yield potential 6.1 7.2 1.4

Actual yield 4.2 6.2 2.1

Percentage gap between adopted 31% 14%

yield potential and actual yield

Source: Hu et al (2000).
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not be expected. Other correlates of development, such asrising wage rates, environ-
mental awareness, and resource limitations, mean that pressure will be on farmersto
reduce inputs even more. When countries near input plateaus, further growth in out-
put must begin to rely more on technological change, thus increasing the importance
of our understanding of the record of total factor productivity (TFP) in the past and
the factors that have contributed to its rise.

The TFP of ricewas at about the samelevel in 1990 asit wasin 1984. Thereisgreat
discussion in Chinaover what has caused yield slowdowns during this period, a debate
that usually focuses on land rights, commodity pricing policy, the availability and price
of inputs, and the structural transformation of the rural economy (i.e., the expansion of
rural industries, rising wages, and rural income diversification). Regardless of the ulti-
mate reason for the owdown, policymakers aware of food security were concerned.
TFP began to rise again in the 1990s. The productivity of rice rose by more than 20
percentage points from 1990 to 1993, but fell in the mid-1990s.

Rice consumption and trade

Consumption growth trend
On aper capitabasis, the average resident in China consumed about 93 kg of rice per
year inthe 1990s (Table 6). Rural consumers, on average, consumed 104 kg per capita,
much more than their counterparts in urban regions, who consumed about 65 kg in
the ' 90s.

After reaching a record level in the late 1980s (of 95 kg), urban residents’ per
capita rice consumption experienced a slightly declining trend (Table 6). Rural vil-
lagers' rice consumption continued to increase, but growth slowed down in the mid-

Table 6. Rice supply and use food balance sheet in China, 1980-99.

Item Units 1980-84 1985-89 1990-94 1995-99
Area harvested 1,000 ha 33,312 32,232 31,654 31,283
Yield tha? 3.33 3.75 4.04 4.38
Production 1,000 t 110,961 121,023 127,794 136,957
Stock change 1,000t -1,652 -2,297 -2,865 2,072
Net import 1,000t -621 -288 -803 -912
Import 1,000 t 159 518 183 630
Export 1,000 t 780 806 986 1,542
Consumption 1,000 t 111,992 123,032 129,855 133,973
Food use % 83 84 84 84
Feed use % 7 7 7 7
Seed use % 3 2 2 2
Industry use % 2 2 2 2
Waste % 6 6 5 5
Per capita food kg person-t 92 95 94 92
Urban kg person-t 81 74 67 64
Rural kg person-t 95 102 104 104
Self-sufficient level % 99 98 98 102

Source: CAPSiM database and authors’ estimates.
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1980s and stagnated after the mid-’ 90s. Because per capita consumption in rural ar-
eas is much higher than in urban areas, the share of the urban population in total
consumption has declined for average consumers since the early ' 90s. Therefore, for
the rice sector, the total increase in demand is mainly driven by population growth
and the structural change in the economy such as urbanization and food market ex-
pansioninrural areas and changesin food consumption patternsin favor of meat over
staple foods, including rice (Huang and Rozelle 1998).

Structure of rice consumption

Although rice has been widely used as feed in many parts of South China, which
accounted for 6—7% of total rice use in China, it is expected that this share will de-
cline in the future as China gradually phases out its compulsory grain procurement
policy, a policy that has provided an incentive for farmers to produce lower quality
but higher yielding rice. Liberalization of the maize economy and improvementsin
market infrastructure and the interregional transportation system will facilitate the
shift from rice to maize as feed for livestock in this rice production region.

Seed use, industry demand, and waste in postharvest processes all together ac-
count for about 10% of total rice consumption. The share of direct and indirect food
(i.e., processed food such as rice cakes and noodles) consumption, which accounted
for 84% of rice consumption (Table 6), is expected to rise in the future.

Demand shifters

Income shifts and demand. On the demand side, recent changesin the urban economy
have made urban consumers amost entirely dependent on marketsfor their consump-
tion needs. In this sector, prices and income changes have been and will most likely
be the fundamental forces driving consumption pattern changes. Urban incomes
rose steadily at nearly 8% per year in the early years of reform (Table 7). In the
early reform era, rising incomes meant an increasing demand for most food prod-
ucts, including rice. Real income per capitafor urban residents continued to risein
recent years, jumping 6—7% from 1985 to 1995.

At the current average level of income for most urban residents, rice consump-
tion rises only marginally with new increments in income (Garnaut and Ma 1992,
Fan et a 1995); the income elasticity of urban rice demand was around 0.10 in the
mid-1990s (Huang and Bouis 1995) and is expected to approach zero in the coming
years.

Although rural income has grown slowly since the mid-1980s (Table 7), demand
for rice hasincreased (Fan et al 1994, Halbrendt et al 1994). Therice demand expen-
diture elasticity estimated by the authors was 0.15 for rural residents, which was
dightly higher than that for urban dwellers. Our work shows, however, that, as in-
comes rise in cross-section samples, the elasticities of urban and rural residents fall
(Huang and Rozelle 1995). It is expected that income of the urban and rural popula
tionswill grow over the next several decades and that growth in demand for rice will
fall and eventually become negative.
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Table 7. Income, population growth, urbanization, and food market development
in China, 1980-99.

Per capita income Population Ratio of Rural food market
(yuan in 1999 price) growth rate urban to total development
Year _— (%) population index?
Rural Urban (%)
1980 616 2,062 1.38 19 31
1985 1,193 2,605 1.56 24 42
1990 1,380 3,217 1.46 26 45
1995 1,702 4,713 1.06 29 48
1999 2,210 5,854 0.88 31 57

aThe rural food market development index is measured as the share of food expenditure pur-
chased from the market. The exchange rate was 8.28 yuan = US$1 in 1999.
Source: NSB (1989-2000) and rural household income and expenditure surveys.

Rural market liberalization. Rural consumption markets are also less complete.
Farmersin many areasface limited choicesin their consumption decisions since many
products they desire on a daily basis, such as meat and fresh fruit, are not aways
available, even as their incomes rise. In a sample of households drawn from the na-
tional household income and expenditure survey by the authors, a strong and signifi-
cant correlation was found between the level of consumption of primarily purchased
goods, such as meat and fruit, and the level of market development holding income
and prices constant (Huang and Rozelle 1998). Discontinuous free markets, lack of
refrigeration, and generally high transaction costs for procuring food affect the con-
sumption patterns of rural consumers. While changesin rural markets have been rapid,
in 1999 Chinese farmers till purchased only 57% of the food they consumed (Table
7). As markets develop and activity in rural consumption markets increases, con-
sumption patterns will be affected, apart from changes in income and prices.

Population growth. The annual growth of China's population declined consider-
ably in the past two decades. The family planning policy apparently contributed to
this drop in population growth. The annual population growth rate fell from about
1.5% in the 1980s to less than 1% recently (0.88% in 1998, Table 7). An updated
estimation of population growth by the United Nationsindicatesthat theannual growth
of China's population will fall further to about 0.65% in 2010 and that China will
reach zero population growth by 2030 or so (UN 2000). While the declining growth
of population will lead to less pressure on domestic food production to meet growing
demand, because of the size of the country, the average annua increase in the total
population is estimated to be more than 9 million and nearly 8 millionin thefirst and
second decades of the 21st century, respectively.

Urban migration. AcrossAsia, as countries urbanize, consumer behavior changes
dramatically (Huang and Bouis 2001, Huang and David 1993, Bouis 1989). China's
urban dwellers consume much less rice and other staples (especialy those that re-
quireintensive preparation) and more convenience foods. Hence, asthe populationin
Chinashifted from rural to urban areas, rice consumption typically fell.
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Theratio of urban to rural residentsin Chinais changing rapidly; the share of the
urban population in the total population increased from 19% in 1980 to 31% in 1999
(Table 7).4 The impact of this population shift on food grain demand in China has
been documented by Huang and Bouis (1995). Since rural rice demand currently
exceeds urban demand, China’s future migrations will dampen rice consumption.

Rice trade trend

International trade for rice in Chinais minimal and did not change much in the past
two decades. Total rice production rose to about 137 million t in 1995-99, which was
more than use. China imports high-quality indica rice but also exports high-quality
japonica and medium- to low-quality indica rice. On average, China has been a net
exporter and the amount of net rice exports ranged from about 0.5 to 1 million t
(Table 6), less than 1% of domestic production.

Policy intervention and WTO membership

Government investment policy

Chinais a country in rapid transition from a socialist system to one in which an
increasing proportion of its goods and services, including food, is being alocated by
market forces (Sicular 1991, Rozelle et al 1997h). It is also a country that is rapidly
developing. China's government, however, far from giving up its activist role in the
economy, remainsdeeply involved in guiding the nation’s devel opment process. Many
forces arising from these development and transition processes may be affecting
China's rice economy. Any attempt to accurately forecast future rice supply and de-
mand trends must account for these major economic forces.

Technology. On the supply side, many sharp transitions are under way. Above all,
technological change needsto be considered explicitly, sinceit has been the engine of
China's agricultural economy, in general, and for fine grains, such asrice, in particu-
lar (Stone 1993). Robust growth in the stock of research capital has in part been
responsible for these dramatic changes. There is concern, however, that Chind's sys-
tem may be suffering from neglect after more than a decade of reform (Pray et al
1997). Real annual expenditures on agricultural research fell from 1985 to 1990, be-
fore resuming real growth (Huang and Hu 2001). The slowdown in growth in annual
investmentsin the late’ 80s resulted in slower growth in the overall stock of research
in the '90s. The recent increase in government commitment to invest in agricultural
research is most welcome and should be encouraged and continued in the future.

4This measure does not include a big part of the temporary migrant community (the so-called floating popula-
tion). In the short run, this part of the population must be ignored since little is known about its consumption
patterns. Moreover, there is no reason to expect that, by adding it to the urban population at this time, its effect
on urbanization would increase. It may be that its consumption patterns are more rural than urban in the
temporary living conditions. But, to the extent that a part of these residents end up staying in cities perma-
nently, they will almost certainly eventually adopt some urban habits.
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Irrigation investment. China's progress in water control has been another major
source of productivity gain (Wang 2000). Irrigated areaincreased from less than 18%
of cultivated areain 1952 to more than 50% in thelate’ 90s (NSB 2001). Intheinitial
years, most construction was based on both locally organized small-scale projects
and publicly financed large-scal e surface projects (Stone 1993). In the late 1960s and
"70s, tubewell development drove the expansion of irrigated area construction, espe-
cidly in the North China Plain maize-wheat region. Development of the nation’s
water control infrastructure continued during the 1980s as the government launched
many new medium- and larger-scale water control projects (Stone 1993). Even though
pump set numbers stagnated in the ’ 80s, the overall quality of water control equip-
ment has been continually upgraded (MOWR 1999). Significant expansion of rice
areain northeast China, the region of rice (japonica) with the fastest growth in China,
would not have been possible without irrigation development in the region in the
'90s. Irrigation has also been a mgjor factor influencing land and labor use in the
cropping sector in the 1970s and * 80s as better water control stimulated the increase
in double-cropped area (Stone 1993).

Although local residents contributed much of the labor for China'sirrigation de-
velopment, public irrigation expenditures financed alarge part of the construction of
the national water control network. Irrigation investment and the stock of facilities
have followed patterns similar to those for research (Rozelle and Huang 1998). The
investment in irrigation facilities has been by far the largest component of total con-
struction investment in agriculture (Wang 2000). It is several times higher than in-
vestment in agricultural research. Real annual expenditureson irrigation rose rapidly
until 1975, before beginning a ten-year decline. However, in 1985, annual expendi-
tures began to grow again and reached an all-time high in the early * 90s (Wang 2000).
Changing agricultura strategies and periods of fiscal control, however, have made
public expenditures on water control follow a more variable path.

Marketing and pricing policies. Price and market reforms associated with China's
policy shift from a socialist to a market-oriented economy began with nonstrategic
commodities such as vegetables, fruit, fish, livestock, and oil and sugar crops. The
early reforms aimed to raise farm-level prices and gradually deregulate the market.
Astheright to private trading was extended to include surplus output of all categories
of agricultural products after contractual obligations to the state were fulfilled, the
foundations of the state marketing system began to be undermined (Rozelle et a
1997b).

After record growth in agricultural production in 1984 and 1985, a second stage
of price and market reforms was announced in 1985 aimed at radically limiting the
scope of government price and market interventions and further enlarging the role of
market allocation. Other than for grains and cotton, the intention was to gradually
eliminate the planned procurement of agricultural products, with government com-
mercial departments being required to buy and sell in the market. Because of the
sharp drop in the growth of agricultural production and food priceinflation inthe late
1980s, however, implementation of the new policy stalled. Mandatory procurement
of grains, il crops, and cotton continued. To encourage farmersto raise productivity
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and sell to the government, contract prices were raised over time, but by lessthan the
rate of inflation. After agricultural production and prices stabilized in 1990 to 1992,
another attempt was made in early 1993 to abolish the compulsory quota system and
salesat low pricesto consumers. Both the state distribution and procurement systems
were substantially liberalized, but the policy was reversed when food price inflation
reappeared in 1994. Since then, several new policies have been implemented and
government grain procurement once again has become compul sory. A provincial gov-
ernors’ grain responsibility system wasintroduced in 1994-95, aimed at encouraging
greater grain salf-sufficiency at the provincial level. Furthermore, acontroversial policy
in the grain marketing system began in 1998. Under the 1998 policy, individuals and
private companies were prohibited from procuring grain from farmers (who must
deal solely with the commercial arm of grain bureaus and the grain reserve system),
but they were allowed to operate in wholesale and retail markets. Grain quota pro-
curement prices were set above market prices, which meant a transfer in favor of
thosefarmersableto sell at that price (Huang 1998, Lu 1999). Not surprisingly, stocks
started to accumulate and procurement and market prices had to come down relative
to international pricesin 2000.

Despite these periodic cyclesin the reform process, the proportion of retail com-
modities sold at market prices has kept rising. According to Lardy (2001), the share
for agriculture was just 6% in 1978 but had risen to 40% by 1985, 79% by 1995, and
83% by 1999.

What have these policies together with macro and trade policies meant for nomi-
nal rates of agricultural protection in China (the percentage by which domestic prices
exceed prices at the country’s border)? Table 8 shows our recent estimates based on
guota and negotiated procurement prices and on wholesale market prices since 1985
for selected agricultural commaodities. The requirement that farmers submit amanda-
tory delivery quota at below-market prices has represented alump-sum tax on farm-
ers and a lump-sum subsidy to the consumers lucky enough to gain access at
below-market value to that procured grain (Sicular 1995). From 1990 to 1997, the
average price they received for compulsorily delivered grains and soybean was from
one-eighth to one-third below the border price. Rice was most heavily penalized by
the quota procurement policy. In the late 1990s, although those prices for wheat,
maize, and soybean were above the border price, the rice price was till below the
border price.

Negotiated procurement prices were somewhat higher, of course, but still below
wholesale market prices. Wheat and soybean, China's main imported farm commodi-
ties, have received amore favorabl e treatment than rice. That istrue not only in each
price category but alsointhat ahigher proportion of rice productionis procured at the
low quota procurement price. More recent estimates by Huang and Rozelle (2001),
which take quality differences into account more carefully, suggest that thereis less
protection in place than Table 8 implies (Table 9). In particular, wheat wholesae
prices may be no higher and possibly even lower than the import prices of similar-
quality grain, and high-quality japonicarice has been heavily taxed while high-qual-
ity indicarice has been highly protected.
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Table 8. Nominal protection rates (NPR) for grain, China, 1978 to 2000.7

Quota procurement Negotiated procurement Wholesale market
price price price
Years
Rice Wheat Maize Soy- Rice Wheat Maize Soy- Rice Wheat Maize Soy-
bean bean bean
NPR at official exchange rate
1978-79 -42 15 12 2 -6 72 65 22 10 89 92 40
1980-84 -43 -3 -15 13 2 50 28 25 9 58 46 44
1985-89 -30 4 -13 -13 -5 34 17 15 -4 52 37 39
1990-94 -37 -14 -35 -32 -16 14 -7 7 -7 30 12 26
1995-97 -23 -12 -14 -22 -4 6 3 8 -1 19 20 19
19982000 -3 10 22 33 -16 9 19 39 -6 26 32 49
1998 2 16 33 8 -16 5 26 37 -6 22 40 37
1999 -6 22 30 53 -19 12 20 59 -9 30 33 67
2000 -4 -7 2 38 -13 9 11 21 -2 26 23 44
NPR at “black market” real exchange rate
1978-79 -61 -23 -26 -32 -37 14 10 -19 -27 26 28 -6
1980-84 -53 -20 -30 -6 -16 23 5 3 -11 30 20 19
1985-89 -46 -21 -33 -32 -29 -1 -12 -12 27 11 2 5
1990-94 -50 -31 -48 -45 -33 -9 -26 -15 -26 5 -10 0
1995-97 -25 -15 -17 -25 -7 3 0 5 -4 15 16 15

19982000 6 6 17 28 -19 5 14 34 9 21 27 44

NPR at effective real exchange rate

1978-79 -73 46 48 -2 56 -20 -23 -43 -49 -12 -10 -34
1980-84 -73 54 -60 -47 52 -30 -40 -41 49 -26 -32 -32
1985-89 69 -54 -61 -61 -58 -42 -48 -49 -57 -34 -40 -38
1990-94 -70 59 -69 67 60 -46 -55 -49 -56 -38 -46 -40
1995-97 -45 -38 -38 -45 -32 -25 -27 -24 -30 -16 -15 -16
19982000 -26 -16 -7 2 36 -17 -9 6 -28 -4 1 14

aBorder prices are average prices of exports (rice and sometimes maize) or imports (wheat, soybean, and
sometimes maize) for the varieties that are comparable with domestic grains. Data for 2000 are for the first 6
months of that year.

Source: Huang (2001).

In sum, despite substantial efforts to liberalize the price and market structure of
the agricultural sector, producers of major agricultural commodities continue to be
penalized by commodity-specific policies of procurement. When the effect of the
overvauation of the domestic currency is aso taken into account, the situation is
even worse. It istherefore not surprising that many farm families have invested their
surplusfundsand labor in nonfarm activitiesrather than back into agriculture (Huang
2001). Much of that investment has gone to township and village enterprises (TVES),
whose employment, output, and exports have boomed. Despite the migration of farm
workersto rural industrial and service activities (not to mention to urban jobs such as
in construction), the average farm size and the share of farm household income from
farming have fallen steadily since the late 1970s. Whether that tendency is accentu-
ated or reduced by entry into the WTO depends on the consequent reform'’s effect on
farm relative to nonfarm incentives.
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Table 9. Nominal protection rates (NPR) of cereal grain in China in 2001.

Comparable Border prices

S o
Variety or quality domestic price (US$ t1) NPR

Yuantt  US$ t? C..LF.  F.O.B.

Estimated at official exchange rate

Rice Thai super-quality rice 3,690 446 380 17.3
High-quality japonica 2,930 354 398 -11.1
Medium-quality indica 1,519 184 185 -0.5

Wheat US DNS (super quality) 2,350 284 190 49.4
Canadian #3 1,800 218 181 20.1
Australian soft 1,625 196 175 12.2
U.S. hard red 1,550 187 169 10.8
UK 1,350 163 145 12.5
China, high quality 1,350 163 145 12.5
China, medium quality 1,250 151 140 7.9
China, low quality 1,100 133 133 -0.1

Maize Common variety 1,150 139 105 32.3

Estimated at estimated “real” exchange rate in China in 20012

Rice Thai rice 5% broken 3,690 366 380 -3.6
High-quality japonica 2,930 291 398 -26.9
Medium-quality indica 1,519 151 181 -16.6

Wheat US DNS 2,350 233 190 22.8
Canadian #3 1,800 179 181 -1.3
Australian soft 1,625 161 175 -7.8
U.S. hard red 1,550 154 169 -9.0
UK 1,350 134 145 -7.6
China, high quality 1,350 134 145 -7.6
China, medium quality 1,250 124 140 -11.4
China, low quality 1,100 109 133 -17.9

Maize Common variety 1,150 114 105 8.7

aThe estimated “real” exchange rate is 10.075 in 2001, while the official exchange rate is 8.2771. It is roughly
estimated as the official exchange rate in 1994 x (CPl¢yi,42001/CPl china1994)/(CPlys2001/CPl ys1904)- CPI = con-
sumer price index.

Other factors. In addition to research, water control, and relative price changes,
institutional changes, wage trends, and environmental factors may also affect agricul-
tural output. Leaders first implemented decollectivization policiesin the late 1970s,
focusing first on poorer regions of the nation and then gradually extending the policy
to the whole country. By 1980, 14% of villages had returned land-use rights to farm
households, afigure that moved rapidly upward in the early ' 80s, reaching and stay-
ing at 99% of villagesin 1984. McMillan et al (1989) and Lin (1992) argue that these
reforms are responsible for most of the growth in the early reform era, though these
were one-time effects that were exhausted by the mid-’ 80s.

Trends in environmental degradation, including erosion, salinization, and loss of
cultivated land, show that the agricultural land base may be receiving considerable
stress: erosion has increased since the 1970s, although in a somewhat erratic pattern.
This and other factors (e.g., salinization) have been shown to affect the output of
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grain, including rice and other agricultural productsin several recent studies (Huang
and Rozelle 1995, 1996, Huang et a 1996).

Increasing opportunitiesin the noncropping and off-farm sectors have led to large
shifts in labor-use patterns (Table 4). After putting increasing amounts of labor into
grain production in the 1950s, ' 60s, and early ' 70s, labor usein al cropsfell substan-
tially from 1975 to 1994 (SPB 1988-95). Ricefarmersuse lessthan half the prereform
levels of labor; on a person-day per hectare basis, labor fell from more than 600
person-daysin 1978 and 567 person-daysin 1980 to 270280 in the mid-1990s (Table
4). Higher wages attracted tens of millions of workers to the industrial and commer-
cial sectors during the reform period and some of the biggest flows came out of the
highest-producing rice provinces. Sichuan, Yunan, Guizhou, and Jiangxi.

The characteristicsinherent to China s devel oping and transitioning rural economy
have both facilitated and constrained labor mobility. The labor-intensive nature of
Chinese farm management practices (without great investmentsin an expensive capi-
tal stock) allows labor to enter and exit the cropping sector without incurring high
start-up or close-down costs. Employment opportunities in local township and vil-
lage enterprises and the rapid expansion of the self-employed labor force may make
the flow of labor between agriculture and industry more fluid. At the same time,
natural barriers, such as moving costs (which exist within al economies), impede
flows. China's factor markets also still contain several structural imperfections, such
as employment priority for local workers, housing shortages, and the urban house-
hold registration system (Lin 1991). One of the costs of these kinds of barriersisthat
they may slow down the movement of factors among alternative economic activities,
thus reducing the efficiency of the sector’s producers.

China’s commitments in agriculture upon entry into the WTO

Many analysts had been expecting Chinato become ever more dependent on agricul-
tural imports in the course of the economy’s rapid industrialization over the past
20-25 years. Some researchers (e.g., Brown 1994) have even suggested that China
could deprive the rest of the third world of food. China has sustained being a net
exporter of rice, meat, fish, fruits, and vegetables (Anderson et al 2001). Its net agri-
cultural imports have not grown significantly in the past. How much of that is dueto
government policies that constrain domestic demand, including import restraints by
statetraders, isamoot point that hasled China' strade partnerstoinsist on there being
someimports of key farm productsfollowing entry into the WTO and someimporters
other than just state trading enterprises.

In its WTO Protocol of Accession, China has agreed to have no agricultural
export subsidies and to limit its domestic support to farmers to 8.5% of the value of
production (compared with 10% for other developing countries). The import market
access commitments China has made to WTO members look substantial on paper.
Tariff-rate quotas (TRQ) will beretained only on wheat, rice, maize, edibleoils, sugar,
cotton, and wool. Specific details for grain, cotton, and edible oil are summarized in
Table 10.

China’s rice economy and policy: ... 49



Table 10. Tariff rate quota (TRQ) of agricultural products.

Quota for
TRQ (million tons) Tariff (%) nonstate-owned
Product enterprises (%)
2002 2005 At quota  Above quota 2000-05
Wheat 7.3 9.6 1 65 10
Maize 4.5 7.2 1 65 25-40
Rice 2.6 5.3 1 65 50
Cotton 0.743 0.894 - - 67
Soybean oil 1.7 3.2 9 121 50-90

Ricewill have agloba TRQ of 2.66 million t, growing with annual incrementsto
5.32 million t by 2005, at atariff of 1% (with the out-of-quota bound tariff falling
from 114% to 65%). Given the nature of China's rice demand, supply, and trade bal-
ance and rice’'snominal protection rate (NPR) presented above, it is expected that this
TRQ for rice may not be a binding condition in the coming years. Wheat, a major
imported commaodity in China, will have aglobal TRQ of 7.3 milliont, growing with
annual increments to 9.6 million t by 2005, at a tariff of 1% (with the out-of-quota
bound tariff falling from 114% to 65%). Maize, a currently exported commaodity with
an export subsidy that reached 30-40% of border prices in 2000-01 and was phased
out in January 2002, will have a global TRQ of 4.5 million t, growing with annual
incrementsto 7.2 milliont by 2004, at atariff rate of 1% (with the out-of-quota bound
tariff falling from 114% to 65%).

In addition, thereisto be atariff-only regime on other agricultural and food prod-
ucts whereby the tariff rates will be cut upon entry and phased down to the much
lower bound rates by 2005. State trading monopolies will aso gradually disappear
(except for tobacco) because China has agreed to allow an increasing degree of com-
petition from private firmsin the importing and exporting of farm products.

Projection of rice demand, supply, and trade

To project the likely demand, supply, and trade and eval uate the effects of trade liber-
alization on China s agriculture in the future, we apply an existing agricultural policy
simulation and projection model (CAPSiM) developed and maintained by the Center
for Chinese Agricultural Policy. CAPSIM is a partial equilibrium model or sector-
wise general equilibrium model (considering all cross price effects for both demand
and supply equations). In the projection or policy simulation, prices can be deter-
mined endogenously or exogenously. CAPSIM explicitly accounts for urbanization
and market development (demand side), technology, agricultural investment, envi-
ronmental trends, and competition for labor and land use (supply side), aswell asthe
price responses of both demand and supply. Details of the model description can be
found in Huang and Li (2000) and Huang and Chen (1999).
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Defining projection scenarios

Baseline scenario. Population growth rates in the projection period (2000-20) are
from the United Nations’ most recent demographic predictions. The shares of urban
population will rise from 31% in 2000 to 34% in 2005 and 43% in 2020. The baseline
per capita income growth rate is forecast to average about 3% to 4% in the rura
sector, which would decline over the projection period. The per capitaincome growth
assumption for the urban sector ranges from 4.0% to 4.5% per year.

The NPR of fertilizer price is assumed to fall from the current 15% to zero by
2005 and then follow the world trend projected by the World Bank. The opportunity
costs of land for crop production and labor for the whole agricultural sector are as-
sumed to grow by 1% and 2%, respectively, in 2000-20.

The annual growth rates of research and irrigation expenditure in real terms are
assumed to be 4.0% and 3.5%, respectively, in the future. Erosion and salinization are
expected to continue to increase at a steady but slower pace than in the past.

China's WTO entry commitments in the agricultural sector discussed in the last
section are imposed in the baseline. It is assumed that the current NPRs will drop to
zero (when considering the changing Chinese imports or exports that will have ef-
fects on the border prices, and these are simulated through the GTAP model, which
links CAPSIM with GTAP). The TRQ for mgjor agricultural commodities for 2002-
05 are incorporated into the simulation as a constraint to imports. Meanwhile, we
assume that China's agricultural market will be fully liberalized after 2005.

Alternative scenarios. To evaluate the effects of China's joining the WTO, we
assume that the current trade policy (tariff and nontariff restrictions) would remain
and that domestic prices would be determined at the domestic demand and supply
balance, while al other assumptions under the baseline were maintained. To explore
how important agricultural research on China's future grain and rice economy will
be, we further assume that the annual growth rate of the agricultural research expen-
diture will increase from 4% (baseline assumption) to 6%.

Results of baseline projections

According totheanalysis, per capitarice consumption in Chinacrested in 1999. From
abase-year high of 91 kg, rice consumption per capita startsto decline at avery slow
rate in the first 10 years of the forecast period, before falling in 2020 to 84 kg (Table
11). The average rural resident will consume greater amounts through 2010. Urban
rice consumption per capita peaks in 1999 and declines over the whole projection
period. Aggregate rice demand per capita drops faster than either rural or urban de-
mand because the total demand for the product falls as migration occurs.

Although per capitarice demand is falling in the projection period, total rice de-
mand continues to increase through 2020 mainly because of population growth. By
the end of the forecast period, aggregate rice demand will reach 142 million t (Table
12). Tota grain demand is projected to increase by about 30% (Table 12). Rice will
fall from ashare of about 32% of total grain use to only alittle more than 26%.

Baseline projections of the supply of rice show that China's producing sector
produces slightly more than theincrease in demand. The surplus of thericebalanceis
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Table 11. Projected annual per capita grain and rice consumption under
baseline scenario, 1999-2020.

Per capita rice food consumption (kg)

ltem Base year 2005 2010 2020
(1999)

Grain
National average 190 191 189 180
Rural 220 224 225 221
Urban 121 121 121 119

Rice
National average 91 90 89 84
Rural 104 104 105 103
Urban 60 58 57 55

Source: Author’s estimates.

Table 12. Projections of grain production, demand, and net imports under
various scenarios, 2005-20.

Scenario 2005 2010 2020
Baseline: WTO regime
Grain: production (million t) 457 476 507
Net imports (million t) 11 28 49
Demand (million t) 468 504 556
Self-sufficiency (%) 98 94 91
Rice: production (million t) 143 147 154
Net imports (million t) -4 -6 -12
Demand (million t) 137 141 142
Self-sufficiency (%) 104 104 109
Alternative one: without WTO entry
Grain: production (million t) 461 486 527
Net imports (million t) -5 -4 -4
Demand (million t) 456 482 523
Self-sufficiency (%) 101 101 101
Rice: production (million t) 141 144 147
Net imports (million t) -2 -2 -3
Demand (million t) 139 142 144
Self-sufficiency (%) 101 101 102
WTO regime + increase in agricultural research expenditure?
Grain: production (million t) 457 476 522
Net imports (million t) 11 27 35
Demand (million t) 468 504 557
Self-sufficiency (%) 98 94 94
Rice: production (million t) 143 147 157
Net imports (million t) -4 -6 -16
Demand (million t) 137 141 141
Self-sufficiency (%) 104 104 111

aThe annual growth rate of agricultural research investment is assumed to increase
from 4% to 6%.
Source: Authors’ projections.
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expected to increase after 2000. Rice production is expected to reach 147 milliontin
2010 and 153 by 2020, about 10% higher than in the base year.

Under the projected baseline scenario, the initial widening gap between the fore-
cast annual growth rate of production and demand implies arising surplus. Rice ex-
portsincrease somewhat in 2000-05 from about 4 milliont per year to 6 milliont, and
reach 12 million t (about 9% of domestic consumption or 8% of domestic production)
in 2020 (Table 12).

Alternative projections

To test the sensitivity of the results to changes in the underlying forces driving the
supply and demand bal ances, several aternative scenariosarerun, atering the baseline
growth rates of the key variables, including income, population, and investment in
technology. The results (not shown in the tables) indicate that the population growth
rates and urbanization are the most important factors that will affect rice consump-
tion. The effect of income is small as the income elasticities are low for rice in the
whole projection period.

Perhaps the most important supply-side simulation result shownin Table 12 isthe
effect of investment in agricultural research on rice production and trade balances.
The variation caused by changing the growth of investment assumption is hardly
surprising given the large contribution that agricultural research—and the technol ogy
it has produced—has made to agricultural productivity in recent years (Huang and
Rozelle 1996, Huang et al 1996). Increases in the rate of growth in investment in
agricultural research from 4% to 6% per year are projected to reduce China's grain
imports by about 15 million t in 2020 (Table 12, comparing baseline with the last
scenario) and morethan 20 million t in 2025 (not shown). Rice exportswill rise from
12 to 16 million t by 2020.

Hence, high continuing levels of grain imports could be expected only if there
were a continued decline in the growth of agricultural investment, and if the govern-
ment did not respond with countervailing policy measures as imports rose. Such a
scenario could unfold only if the government were unwilling or unable to undertake
policies to stimulate growth in food production. However, agricultural research and
irrigation investments have already recovered in recent years as China prepares to
jointhe WTO.

Tables 12 and 13 a so show that, although Chinacould achieve self-sufficiency in
almost al agricultural products and could even be anet exporter of grain, as occurred
in the late 1990s, the costs of implementing a grain self-sufficiency policy in the
future would be very high. For example, under a nearly “closed economy,” China's
domestic maize price would double in 1999-2020, while the WTO scenario produces
adeclinein maize price of more than 20% in the sample period (Table 13). A similar
story is found in soybean and other edible crops. This could dampen and hurt the
benefits of livestock expansion from trade liberalization. Rice seems to be the only
grain that is projected to benefit from China's entry into the WTO.
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Table 13. Major agricultural price (yuan kg-*) changes under alternative scenarios, 1999-2020.

Product 1999 2005 2010 2015 2020 Price change in
1999-2020 (%)

Without WTO entry

Rice 2,070 2,048 2,034 1,969 1,874 -9
Wheat 1,449 1,441 1,428 1,382 1,319 -9
Maize 1,220 1,669 1,939 2,197 2,448 101
Soybean 3,112 3,360 3,677 3,853 3,852 24
Qil crop 8,558 8,266 8,823 9,315 9,683 13
Sugar crop 3,526 4,151 4,387 4,611 4,798 36
Pork 14,010 14,887 15,238 15,834 16,660 19
Beef 14,674 14,370 14,710 15,236 15,629 7
Mutton 17,399 15,667 15,120 14,685 14,286 -18
Poultry 11,042 11,479 11,189 11,205 11,478 4
Eggs 6,583 6,358 6,450 6,558 6,702 2
Milk 3,164 2,306 2,112 1,964 1,856 -41
With WTO entry
Rice 2,070 2,088 2,090 2,091 2,092 1
Wheat 1,449 1,253 1,254 1,254 1,253 -14
Maize 1,220 968 968 969 970 -21
Soybean 3,112 1,971 1,973 1,974 1,975 =37
Qil crop 8,558 7,268 7,272 7,276 7,279 -15
Sugar crop 3,526 2,438 2,440 2,442 2,444 -31
Pork 14,010 15,426 15,434 15,433 15,433 10
Beef 14,674 14,798 14,802 14,808 14,808 1
Mutton 17,399 17,428 17,433 17,140 17,140 -1
Poultry 11,042 11,506 11,508 11,507 11,507 4
Eggs 6,583 6,550 6,551 6,551 6,551 0
Milk 3,164 2,333 2,334 2,334 2,334 -26

Sources: Authors’ estimates.

Conclusions

The purpose of this paper was to examine the trends in China’s rice economy and
policies governing the agricultural sector, review the current trends in supply, de-
mand, marketing, and trade, and then, on the basis of more comprehensive and struc-
turally sound models, predict China' s future involvement in world grain markets. The
authors’ framework includes a demand-side model that, in addition to the effects of
income and population trends (as well as income response parameters that vary as
income levelsrise), accounts for the effects of urbanization and the changing level of
the development of rural consumption markets. The supply response model considers
the effect of prices, public investment in research and irrigation, institutional change,
and environmental factors.

The study shows that, while the rice sector has been heavily penalized by price
and marketing policies aswell as macroeconomic policy such asthe overvaluation of
the domestic currency, rice productivity has gained substantially from productivity-
enhancing investment such as agricultural research and irrigation. The projections
show that, under the most plausible expected growth rates in the important factors
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(most of which are broadly consistent with the major projection models at the World
Bank and International Food Policy Research Institute), China's grain imports will
rise over the projection period. But, rice trends are in stark contrast to those of feed
grains (maize) and soybean. Increasing maize imports arise mainly from the acceler-
ating demand for meat and feed grains. The expected increasing rice exports will
offset parts of the increase in feed grain imports and make the total amount of grain
imports less than 50 million t by 2020.

The most important difference between the projectionsfor grain imports and rice
exportsisin the sensitivity of the predictions to the simulation assumptions. Thereis
considerable range in the projections for total grain (mostly maize) and rice when
baseline assumptions are varied in both the short and long run. Different rates of
agricultural investment create some of the largest differencesin expected imports, but
this is what should be expected from the factor that has the largest marginal output
response. For rice projections, dight changes in assumptions result in predictions of
China having large variations from the baseline results. Most of the major demand
factors—urbani zation, income growth (and low or negative expenditure el asticities),
and market liberalization—are pushing China's consumers to reduce rice demand
over the next 20 years. With asignificant change in agricultural policy in responseto
China'sWTO entry, supply will be able to keep up with demand and rice exportswill
increase. Hence, if China's grain imports were to grow to the high level predicted by
others in the coming decades, thisis not going to be because of the demand for rice
(or wheat).

On the basis of the results presented in this paper and other work by the authors,
for total grain as a whole, it appears that China will neither empty the world grain
markets nor become a major grain exporter. Although China will become a more
important player in world grain markets as an importer in the coming decades, its
importance will primarily be in world feed markets. In contrast, Chinamay continue
to export rice. Over the long run, if the baseline assumptions hold and the structural
parameters used in this study are and remain reliable, China may become one of the
world's leaders in rice exports.
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Medium- and long-term prospects
of rice supply and demand
in the 21st century in India

P. Kumar, M. Hossain, and S. Mittal

This paper assesses the total factor productivity (TFP) of rice grown in vari-
ous regions of India and examines the sources of productivity growth and
marginal rates of return to public investment in rice research. The paper also
projects the supply and demand of rice in the 21st century in India. The
results of the study highlight a spectacular increase in rice yield from 1.1 t
ha™in 1967-71t0 1.9 t ha*in 1997-99. The TFP index has risen at 0.9% per
annum and has contributed one-third of production growth. A decelerating
tendency in TFP growth is observed. The cost per unit of rice has declined
steadily. The cultivation of basmati rice has benefited farmers in the north-
ern states of India. Demand for rice will be met in the future with a marginal
surplus for trade. To maintain the surplus status of rice, the study empha-
sizes the need to strengthen efforts to increase production by maintaining or
increasing TFP through public investment in irrigation, infrastructure develop-
ment, research, and efficient input use. More than half of the required growth
in yield to meet the demand target must be met from research efforts in
developing location-specific and low-input-use technologies with emphasis
on the regions where current yield is below the required national average
yield. All efforts need to concentrate on accelerating growth in TFP while
conserving natural resources and promoting the ecological integrity of the
agricultural system.

Rice is an important food grain that is produced and consumed worldwide. India
contributes 23% of the total world rice production. The public investment in irriga-
tion, other rural infrastructure, and research and extension, together with improved
crop production practices, has added 43 million t of rice from 1970 to 1999. The 62%
incremental rice production that came from small farmers (less than 2-ha farm size)
underlinestheimpressiverole of smallholdersin the Green Revolution process (Singh
and Kumar 2001). In the years to come, higher economic growth as well as the siz-
ableincreasein population, despite decel erating popul ation growth, will increaserice
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demand. Rice is a highly export-competitive commodity in India. The net trade of
Indian rice will probably increase in the near future, especialy the high-value seg-
ment of basmati rice. Rising demand will continue to put increasing pressure on the
ever-shrinking and degrading land and water resources. Steps to improve rice pro-
ductivity to meet the growing domestic demand and to produce an exportable surplus
for the world rice market require an in-depth analysis of rice productivity, supply, and
demand. This paper examines rice productivity and itsimplications for food security
with the specific objectives (1) to assess total factor productivity (TFP) growth for
rice in different regions of India, (2) to examine the sources of productivity growth
and estimate the returns to public investments in rice research, and (3) to assess the
medium- and long-term prospects of rice supply and demand in India. This paper on
TFP is an extension of the work of Kumar and Rosegrant (1994, 1997) and Jha and
Kumar (1998). It uses more recent data and has devel oped a simultaneous model for
identifying the sources of TFP growth and an extended supply analysis methodol ogy
with amore realistic approach.

The data

The farm-level data on yield and the use of inputs and their prices from 1971-72 to
1997-98 collected under the “ Comprehensive scheme for the study of cost of cultiva
tion of principal crops,” Directorate of Economics and Statistics (DES), Government
of India(GOl), were used in the analysis of TFP and supply projections. The missing
year data on inputs and their prices were predicted using interpolations based on
trends of the available data. The time-series data on area, yield, production, irrigated
and high-yielding variety (HY V) areafor therice crop, and source-wise areairrigated
were taken from the various published reports of the DES (GOI). Crop production
across the country isdiverse and agricultural production and the use of inputs depend
on the physical environment, which includes factors such as soil quality and climate.
State-wise time-series datawere aggregated into four regions:. the eastern region cov-
ering the states of Assam, Bihar, Orissa, and West Bengal; the northern region, which
includes Haryana, Punjab, and Uttar Pradesh; the western region covering Gujarat,
Maharashtra, Madhya Pradesh, and Rajastan; and the southern region comprising
Andhra Pradesh, Tamil Nadu, Karnataka, and Kerala. The share of the hills region
(Himachal Pradesh and Jammu and Kashmir) in rice production was margina and
was therefore not included in the analysis. The data on research and extension stock
investment compiled by Evenson (for details see McKinsey et al 1991) and updated
by Kumar (1999) were used. The national sample survey (NSS) data of variousrounds
covering 1983-93 on the consumption pattern were used in projecting rice demand.
The population projections for India given in the state of world population of the
United Nations Population Fund were used (UNFPA 1998).
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Growth in area, yield, and production

Changesin cropping patterns represent responses to changing economic, technol ogi-
cal, and institutional factors. Land constrains Indian agricultural production. An in-
crease in crop area and production is strongly associated with the crop’s relative
profitability. Farmers allocate their land among alternative crops in order to maxi-
mize their expected return. India has also experienced considerable changesin rice
area, production, and yield since the Green Revolution began. Levels of yield, the
adoption of modern varieties, irrigation, and price policy have been some important
factors that have influenced changes in the cropping pattern. Rice yield increased
spectacularly from 1.1t hal in 1967-71 to 1.9 t hal in 1997-99. The extension of
irrigation facilities has brought about drastic changes in the cropping pattern that
replaced coarse cereals with high-yielding and high-value crops such as wheat and
rice. From 1967 to 1999, rice areaincreased 0.6% annually and the output showed an
increase of 2.8%, mainly because of yield growth (Table 1). The northern states, which
were not traditionally rice-growing states, have contributed more to the growth of
riceyield and production. The share of rice from the northern region was merely 12%
in 1970 but increased to 28% of the total rice production in 1999 (Table 2). From
1967 to 1999, rice production in the northern region increased at 5.7% annually, with
nearly two-thirds of this increase being contributed by yield gains. The rice area,
production, and yield growth attained were highest in 1973-81. In the following de-
cade, the rate of production increase declined to 5.2% per year, with yield gains still
showing ahigh growth of 4.0% annually, which further declined to 3.2% during 1991-
99, while area and yield growth decreased to 1.9% and 1.3%, respectively. In the
southern region, growth in production was 2.5% during 1973-81, 3.5% during 1982-

Table 1. Annual compound growth rates (%) in area, production, and yield of rice, India.

Region Iltem 1967-99 1967-72 1973-81 198290 1991-99
Eastern Area 0.2 -0.0 -0.4 1.2 0.6
Production 2.2 0.1 0.3 6.8 2.1
Yield 2.0 0.1 0.7 5.6 1.5
Western Area 0.7 0.7 1.2 0.2 0.5
Production 2.3 -1.2 2.8 2.0 1.0
Yield 1.6 -2.0 1.5 1.8 0.5
Northern Area 2.0 1.3 4.4 1.1 1.9
Production 5.7 5.9 9.0 5.2 3.2
Yield 3.7 4.6 4.6 4.0 1.3
Southern Area -0.2 -0.6 0.2 -0.3 0.2
Production 1.9 2.8 2.5 3.5 1.4
Yield 2.1 3.4 2.4 3.8 1.2
India Area 0.6 0.3 0.8 0.7 0.7
Production 2.8 1.4 2.8 4.7 2.1
Yield 2.2 1.2 2.0 4.0 1.4
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Table 2. Share (%) of region in rice area and production, India.

TE2 1970 TE 1980 TE 1990 TE 1999
Region
Area  Prod. Area  Prod. Area  Prod. Area Prod.
Eastern 46 43 43 36 43 36 42 35
Western 17 13 18 12 18 12 18 11
Northern 15 12 18 20 20 25 22 28
Southern 22 31 21 32 19 27 18 26

aTE = triennium ending. Area = total area under rice.

90, and 1.4% during 1991-99 and virtually al of it came from yield increases as the
proportion of rice area under modern varieties and irrigation increased. It is encour-
aging that the eastern region realized high growth rates in production (6.8%) and
yield (5.6%) during 1982-90. This growth declined steeply during 1991-99. The east-
ern region accounted for the highest share (35%) in total production in the triennium
ending in 1999. Although the western region faced irrigation constraints, an increas-
ing trend in production was observed. The gainsin rice output have come essentially
from a steady increase in yield. A steady growth in yield was observed in the 1980s
and ' 90s, despite the decline in capital formation. Part of the explanation lies in the
significant lag between investmentsin irrigation, research, education, extension, etc.,
and realization of the potentia created. A decelerating growth in area, production,
and yield has now been observed in all the regions. The scope for area expansion is
limited. The deceleration in technol ogical components might have slowed production
growth (Kumar 2001).

Growth in inputs

From 1967 to 1999, rice area under irrigation and modern varieties exceeded 85% of
the total cultivated area in the southern region. The growth in planting of modern
varietiesin the northern region has been similar, but the irrigated area under rice was
dightly lower (75%). The adoption of modern varieties and irrigation has been sl ower
in the eastern and western regions (Table 3).

The average fertilizer use was near or at the recommended dose in the northern
and southern regions versus 57 kg in the western region and 46 kg in the eastern
region (Table4). Whererelatively high levels of input use have already been attained,
the growth in the use of fertilizer and its marginal contribution to yield increases are
expected to be lower in the future, especially in the northern and southern states. The
eastern and western regions have lagged behind the northern and southern regions
with respect to the application of fertilizers and adoption of HY'V technology, and a
further growth in input use and rice yield in the eastern areas could occur. The use of
organic manure was in a small quantity and also has shown a declining trend.

The use of labor-saving technologies, especially tractors, expanded rapidly and
replaced animal labor (Table 5). The most prominent change occurred in animal
[abor, whose growth declined by as much as 11.6% per annum in the northern region
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Table 3. Trends in area under irrigation and modern varieties of rice, India.

Irrigated area (% ) Modern variety area (%)
Region
TE21970 TE 1980 TE 1990 TE 1996 TE 1970 TE 1980 TE 1990 TE 1996

Eastern 29 30 29 32 6 27 45 65
Western 18 21 23 27 7 35 57 68
Northern 29 43 61 75 13 56 83 87
Southern 82 84 85 86 24 73 84 88
India 38 42 45 50 11 43 62 74

aTE = triennium ending.

Table 4. Trends in fertilizer use in rice cultivation by region, India.

Organic manure Chemical fertilizer

Region (quintals ha™) (kg nutrient ha™)
TE21975 TE1985 TE 1995 TE 1975 TE 1985 TE 1995

Eastern 22 18 20 11 28 46
Western 6 13 10 20 24 57
Northern 23 27 20 68 87 184
Southern 51 65 38 81 129 174
India 26 26 20 33 54 86

aTE = triennium ending.

Table 5. Trends in labor use in rice cultivation by region, India.

Human labor (h ha) Animal labor (h ha™)
Region
TEZ21975 TE 1985 TE 1995 TE 1975 TE 1985 TE 1995

Eastern 834 978 998 225 248 203
Western 599 587 675 144 148 138
Northern 871 802 591 112 82 26
Southern 1,074 1,143 1,164 172 146 62
India 855 904 900 191 182 142

aTE = triennium ending.

and by 2.5% in the southern region. The traditional labor use in other regions seems
to be high. Human labor use did not decline except in the northern region.

Evidence on the use of inputs revealed that the existing level of application of
moderninputsisrelatively low in the eastern region. A further spread of inputsin this
region, or to new areas wherethe existing level of applicationisrelatively low, would
contribute to arise in the productivity per unit of input and ensure a more equitable
distribution of benefits. Thisisfollowed by the increased investment in minor irriga-
tion, including pump sets and bamboo tubewells, and increased use of fertilizer. There
isgreat scopefor afurther increaseinyield and productioninthe eastern statesthrough
a substantial investment in flood control and in minor irrigation. The eastern region
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occupied 42% of thetotal rice areain the country and contributed 35% of the country’s
total rice production. Any slight improvement in productivity in the eastern region
will contribute significantly to the domestic rice supply in India.

Real cost of production, price, and profit

The nominal cost! per unit of rice production showed an upward trend despite the
rapid growth in yield caused by technical change.2 However, we need to ascertain
whether theincreasein nominal unit cost of production came mostly from anincrease
in prices of farm inputs at arate higher than the rise in productivity or from a higher
use of inputsin real terms for obtaining the same yield. This question was examined
by assessing the cost of production at constant prices (base year 1981-82). Annual
growth rates of the real cost of production, real rice price, and real profit were com-
puted and are presented in Table 6.3

The unit cost of production of rice has decreased steadily in real terms, at —1.6%
in eastern India, negligible in western India, —1.1% in northern India, and —-3.2% in
southern India. Modern variety adoption; investment in irrigation, infrastructure, and
research; and subsidies appear to have lowered the unit cost of rice production. From
the results, it appears that, in the later period of fast growth of modern variety adop-
tion in the southern region, there was a sharp decline in the unit cost of rice produc-
tion. Thus, the adoption of modern varieties and public policies has lowered the unit
cost of production and rice pricesin real terms. The real price in the northern states
did not decline because of the adoption of high-priced basmati rice. The increasing

Table 6. Annual rates of growth (%) in real cost of production, price, and profit (at
1981-82 price) in rice production, India, 1971-72-1997-98.

Region Real cost? Real price Real profit
Eastern -1.57** -1.37** 4.83**
Western -0.07 ns -0.80** 0.70 ns
Northern -1.10** 0.74%* 11.00**
Southern -3.29%* —1.12*%* 7.69**
India

1971-85 —1.21** —2.34** 2.5ns

1985-97 -1.51** 0.31%** 7.00**

197197 -1.64** -1.00** 5.81**

ans = nonsignificant; ** = 1% level of significance, * = 5% level of significance, and *** = 10%
level of significance.

1Cost includes all cash and kind expenses actually incurred, rent paid, interest on owned and borrowed capital,
and imputed value of family labor.

2Detailed statistics are available in the reports of the Commission for Agricultural Costs and Prices for the crops
sown during various seasons, Department of Agriculture and Cooperation, Ministry of Agriculture, Government
of India.

3The unit cost of production was deflated by an input price index series to obtain the real cost per unit of output.
The real price is computed by deflating the rice price received by farmers with the wholesale consumer price
index. Real profit is measured as net profit in rice-equivalent terms.
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trendsin real profit areevident in all the regions. The annual growth inreal profit was
estimated to be 11% in the northern region, followed by the southern region (7.7%)
and eastern region (4.8%). The cultivation of basmati rice benefited the northern re-
gionfarmerssubstantially. In al theregions, the declinein thereal cost of production
was more than the declining trend in real price. The resultsinferred that farmers and
consumers have shared the benefits of higher production efficiency and lower prices,
respectively.

Total factor productivity growth

The Green Revolution phase is characterized by widespread variety turnover and the
adoption of improved varietieswas made possible by agricultural research and policy
support. This brought about boosted productivity growth per unit of land, which re-
sulted in steady output growth for crops. The first “post-Green Revolution” phase
saw continued growth in returnsto land through intensification of chemical input use
and labor input per hectare. The second “post-Green Revolution” phase began when
input use was high, and further gains in productivity largely depended on increased
efficiency of input use. The process of intensification of agricultureis central to achiev-
ing sustained growth in output. Conceptually, the increased use of inputs, to acertain
extent, allows the agricultural sector to move up along the production surface by
increasing yield per unit of land. Efficient input use may also induce an upward shift
in the production function to the extent that a technological change is embodied in
their use. The TFP concept, which implies an index of output per unit of total factor
input, measures these shifts or increases in output properly, holding al inputs con-
stant.

TheDivisia-Torngvist index (see Christenson 1975, Diewert 1976) isused in this
study for computing the total output, total input, and TFP for rice using state averages
based on farm-level datafor 1971-97 for 15 states of India. Rice grain and straw are
included in the output index. The inputs included in the input index are land, seed,
manure, fertilizer, pesticide/herbicide, human labor, animal 1abor, machine labor, and
irrigation. The total output, total input, and TFP indices are calculated as

Total output index (TOI) and total input index (TI1I):
TOITOl—1 = M (Q/Qjt - )Rt * Rir— P2

THdTH 1 =M X! Xie— 1) S+ Se s V2

Input price index (IP1):

IPI/IPL_1 = M (Pi/pie—1) St ¥ Sie— V2

where R;; is the share of output j in the total revenue, Q;; is output j (j = 1 for main
product and j = 2 for by-product), S; is the share of input i in the total input cost, X;;
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isinput i, and p;; is price of input i in period t. To measure productivity over along
period of time, chaining indicesfor successivetime periodsare preferable. With chain
linking, an index is calculated for two successive periods, t and t — 1, over the whole
period t, to T (sample from timet = 0 tot = T) and the separate indices are then
multiplied together:

TOI (1) =TOI (1) X TOI(2) v TOI (t-1).
TH@=TH @) XTHE) oo eeeeeeeeenns TIl (t—1).
IPI(t) = 1P (1) X IPI(2).eeeeeeeee . IPI (t—1).

Total factor productivity index (TFP):
TFP, = (TOIJ/TII,)

The chain-linking index takesinto account the changesin rel ative val ues/costs through-
out the period of the study. This procedure has the advantage that no single period
plays a dominant role in determining share weights and biases are likely to be re-
duced. The above equations provide the indices of total output, total input, and TFP
and input price indices for the specified period t. The aggregate index of input and
output at the country level isderived asthe weighted average of the state-level index.
The state share in total rice areais used as the weight.

The average annual growth rates of output, input, and TFP indices are given in
Table 7. Theresultsreveal that, in the northern region, theinput index during 1971-97
rose by 4.1%, whereas it rose by 1.7% in the southern region, by 1.9% in the eastern
region, and by 2.7% in the western region. With increasesin inputs and technological
change, output has increased by 5.1% annually in the northern region, followed by
the southern region (3.2%), the eastern region (2.9%), and the western region (2.0%).
Thevariationin TFPisdue amost entirely to variation in output, asthetotal input use
increased smoothly over time. Overall, the TFPindex hasrisen by around 1.5% annu-
ally in the southern region, by 1.1% in the eastern region, and by 1% in the northern
region. In the western region, wide variation in the TFP index was observed because
of wide fluctuations in weather and the estimated annual growth was negative and
statistically insignificant. Productivity growth represents 48% of total output growth
inthe southern region, 36% in the eastern region, and 20% in the northern region. For
the country as awhole, TFP growth was estimated at 0.91%. TFP contributes nearly
30% of the output growth in Indian rice.

TFP growth during the post-Green Revolution period (1985-97) declined from
the growth rate estimated for the early period of the Green Revolution (1971-85).
Thistendency serves to emphasize two points. First, research challenges remain and
there is no scope for complacency in the light of the current comfortable food supply
situation. Fast growth may not be sustained if further technological improvementsdo
not occur. Second, it is essential for the country to cover adiverse research portfolio.
Quality improvements such as basmati rice have added to the value of production.
Rice research has helped break the seasonal barrier and expand rice area in north-
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Table 7. Annual rates of growth (%) in total input, output, and total factor produc-
tivity (TFP) for rice in India, 1971-97.

Region Total input Total output TFP
Eastern 1.86** 2.93** 1.06**
Western 2.68** 2.03** -0.65 ns?
Northern 4.07** 5.10** 1.03**
Southern 1.66** 3.17** 1.51%*
India

1971-85 1.89%* 2.87** 0.98**
198597 2.50** 3.25** 0.75*
197197 2.23** 3.14** 0.91**

ans = nonsignificant; * = 5% level of significance, ** = 1% level of significance.

western Indiaand in the rabi season. The new varieties bring stability to rice produc-
tion by providing tolerance of or resistance to adverse environmental conditions. All
these contributions are subsumed under a residual TFP measure. This decelerating
processwill be examined in more detail bel ow. Some researchers attributed this slow-
down to areduction in growth following the exploitation of early productivity gains
from the adoption of modern varieties, the declining trend of investment in agricul-
ture during the 1990s, and, more importantly, the increasing problems of water qual-
ity and soil salinity (Joshi and Agrihotri 1982, Joshi and Jha 1991).

Theindicesof land, labor, and fertilizer productivity and TFP were cal culated for
the triennium ending (TE) in 1977, TE 1987, and TE 1997 and normalized with re-
spect to the eastern region and year 1997.4 The results appear in Table 8. Land and
labor productivity increased in al the regions and fertilizer productivity declined in
all of them. TFP increased in all the regions, except in the northern states in 1995
relative to 1985. Basmati rice isincreasing in the northern states. The TFP measure-
ment did not capture the value added by basmati rice cultivation. The notable produc-
tivity gains have come from the more efficient use of the existing inputs of land and
labor. The increased labor productivity was a result of a reduced use of labor on
account of mechanization. Similarly, theincreasein land productivity hastaken place
on account of the increase in land-saving modern inputs, particularly fertilizer and
irrigation. It isto be noted that the productivity of fertilizersfell significantly because
increasing amounts of fertilizer were being used to maintain current yield levels. This
has shifted the concern from simply increasing the levels of fertilizer use to improv-
ing its efficiency. Promoting efficient fertilizer practices, improving soil-testing
services, strengthening the distribution channel of critical inputs, especialy high-
quality seeds, and developing the physical and institutional infrastructure will
particularly help resource-poor farmersby increasing TFP growth. Yield-based growth

4Data normalization is done to provide a comparative picture across regions.
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Table 8. The indices and growth of factor productivity and total factor productivity (TFP) in rice
production, India (eastern region = 100).

Index (%) Decadel changes (%)
Region
TE21977 TE 1987 TE 1997 1977-87  1987-97

Partial factor productivity in
Land

Eastern 61 73 100 20 37

Western 61 62 90 2 45

Northern 60 80 64 33 -20

Southern 56 78 100 39 28
Labor

Eastern 69 73 100 6 37

Western 66 66 7 0 17

Northern 60 92 82 53 11

Southern 60 78 98 30 26
Fertilizer

Eastern 592 187 100 -68 -46

Western 382 330 192 -14 -42

Northern 433 363 330 -16 -9

Southern 476 380 394 -20 3
TFP

Eastern 80 84 100 5 19

Western 76 67 78 -12 16

Northern 71 96 71 35 -26

Southern 73 86 99 18 15

aTE = triennium ending.

has rapidly increased nutrient removal fromthe soil at aratethat has not been matched
by balanced growth in the supply of nutrients through chemical and organic fertiliz-
ers. The result of the unbalanced application of fertilizers has been a decline in the
efficiency of their use over time (Kumar and Desai 1995).

Total factor productivity decomposition

The TFP index varies not only across states but also over time. In this section, we
analyze how technol ogies and infrastructure have contributed to productivity growth.
Factorsthat account for a change in TFP include changes in technol ogy, institutional
reform, infrastructure development, human resource development, and others. The
crop-related technology changes that are often embodied in the seeds adopted by
farmers can be divided into two components: quality and quantity. The former repre-
sents either cost reduction or yield improvement technologies, or both, while the lat-
ter represents the amount of area in which the technology is adopted by farmers.
Distinguishing these two components of technology in ng their impact on pro-
ductivity growth is important, as the mechanism by which they affect TFP differs.
Quiality reflectsresearch output that is determined by investment inresearch and isan
exogenous variablein the TFP equation. The quantity of technology islinked to adop-
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tion and is affected by extension, literacy, infrastructure devel opment, as well as on-
farm and off-farm characteristics. Adoption is a farmer’s choice variable and there-
fore must be considered an endogenous variable in the TFP model. The empirical
specification of the endogenous technology and the determinants of the TFP model
are defined as follows:

TFP =f (RES, HYV, RAIN, DUMMY)
HYV =g (RES, EXT, RLIT, RINF, IRRINF, DUMMY)

where RES = research stock of rice crop (Rsha of ricearea), EXT = extension stock
(Rs ha of net crop area), RAIN = July to September rainin mm, HY'V = percent of
crop areaunder high-yielding varieties, RLIT = percent of total rural literate popula-
tion (primary and above education), RINF = rural infrastructure, proxies by percent
of villages eectrified, IRRINF = irrigation infrastructure, measured as the percent
share of irrigated areato total net cultivated area, DUMMY = dummy for region, DE
= dummy for eastern states (Assam, Bihar, Orissa, West Bengal), DW = dummy for
western states (Madhya Pradesh, Rgjasthan, Maharashtra, Gujarat), DN = dummy for
northern states (Punjab, Haryana, Uttar Pradesh), and DS = dummy for southern states
(Andhra Pradesh, Tamil Nadu, Karnataka) of India.

Cross-section time-series dataare used in the estimation of the simultaneous equa-
tion model of rice TFP decomposition using the three-stage least squares (3SLS) es-
timation framework. The econometric estimates of the model are presented in Table
9. The system R-square was high (0.98), indicating the goodness of fit. The estimates
of the model were statistically significant. Research, extension, rural literacy, and
rura infrastructure (rural electrification and irrigation) were significant determinants
that influenced the adoption of modern varieties. The adoption of modern varieties
had a significant influence on TFP. Thus, research investment leads to increases in
TFP through itsimpact on variety turnover. Using TFP elasticity and growth rates of
each factor, the contribution of each determinant to TFP growth was computed and is
presented in Table 10. Rural infrastructure has accounted for 42% of TFP growth,
followed by public research (21%), literacy (15%), irrigation infrastructure (14%),
and extension (8%).

Theratio of amount spent on extensionto researchisfalling (Pal and Singh 1997).
A wide untapped yield potential exists (Siddiq 2000). This, coupled with the com-
plexity of second-generation technologies and heterogeneity of production environ-
ments, warrants much moreintensive extension efforts. The lowing downinemphasis
on extension will further widen the gap in the adoption of technology. Extension
services should be strengthened by scaling up investment levelsand by improving the
quality of extension. Thefirst step in thisdirection should be to increase the avail abil -
ity of operating funds. Thiswill result in increasing TFP trends and raise the share of
extension in TFP growth.
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Table 9. Estimated parameters of total factor productivity (TFP) decomposition
model for rice, 1971-95.

TFP equation HYV equation

Variable

Parameter estimate?  T-ratio Parameter estimate  T-ratio
Intercept 0.437** 2.7 -0.056 0.3
RES 0.003 0.2 0.074%** 4.1
EXT 0.041%* 2.2
HYV 0.100%** 3.0 - -
RLIT 0.270%** 3.2
RINF 0.386%** 9.3
IRRINF 0.286** 5.6
RAIN 0.5425%* 25.4
Dummy
DW -0.064 1.2 0.462%* 6.7
DN 0.243** 4.6 0.340%** 4.6
DS 0.153** 2.9 0.622%* 10.6
R-square 0.77 0.89

System R-square 0.98

ax* = gignificant at 1% level.
Source: Kuchhal (Mittal) (2000), unpublished PhD thesis.

Table 10. Sources of total factor productivity (TFP) growth in rice, India.

Annual Elasticity Share (%)
Sources growth of TFP of TFP growth
(%) explained
Public research 8.9 0.011 21
Extension 8.6 0.004 8
Literacy 2.5 0.027 15
Rural infrastructure 5.1 0.039 42
Irrigation infrastructure 2.3 0.029 14

Returns to rice research

Using the elasticity of TFP with respect to research stock, one can easily estimate the
value marginal product (EVMP) of research stock (R) as

EVMP(R) = b, . (V/R)
V =Q.FHP.STFR

where R is the research stock and V is the value of rice production associated with
TFP. Q isrice production, FHP is the farm harvest price, STFP is the share of rice
production accounted for by TFP growth, and b, is the TFP elasticity of research
stock. The benefit stream is produced under the assumption that the benefit of invest-
ment made in research in period t will start producing a benefit after a lag of five
years, produce a benefit at an increasing rate in the next nine years, remain constant

70  Kumaretal



for the subsequent nine years, and thereafter decline (Evenson and Pray 1991).5 The
benefit stream is discounted at the rate r, at which the present value of the benefit is
equal toone. Thus, r isconsidered asthe marginal internal rate of return to the public
research investment.

The returns to public investment in rice research given in Table 11 revealed that,
for the period 1973-97, aone-rupeeincrement in research stock generated on average
an additional income of Rs 7.2. The marginal internal rate of return to public rice
research is estimated to be 41%. Thisindicates that the returns to investmentsin rice
research have been highly rewarding. Returns are quite stable over time, ranging
from 39% to 43% and reaching apeak during 1986-91. Thereafter, returnsto research
steadied somewhat.

Supply of rice

The supply model presented in Appendix 1 was estimated for rice.f The model was
estimated by using three-stage least squares (3SLS) and the seemingly unrelated
regression equations (SURE) estimation procedure. Double-log forms were used for
all the equations in the system. The model based on SURE estimates presented in
Appendix 2 was selected for the analysis in the study as it had a higher adjusted
R-square and alower level of standard errorswhen compared with the 3SLS. Most of
the coefficientsin the estimated system were statistically significant at the 5% confi-
dence level (one-tail test) or better. The explanatory power of the estimated system
was quite high and statistically significant. The model had the expected sign and
supported the trends observed in several previous studies (Kumar and Muruthyunjaya
1989, Chand 1991, Kumar and Rosegrant 1997, Gulati and Kelley 1999).

Table 11. Returns to rice research in India.

Period Value marginal Internal rate
product (rupees) of return (%)
1973-76 6.7 40.6
1976-81 7.3 41.8
1981-86 7.5 42.1
1986-91 8.1 43.2
1991-97 5.8 38.8
197397 7.2 41.5

5The investment of one rupee in year t in research will produce a benefit equal to 0.1*EVMP in year t + 6,
0.2*EVMP in year t + 7, and so on, and it will be 0.9*EVMP in year t + 14. After this, the benefit will be equal
to EVMP up to t + 23. Then, the benefit for year t + 24 onward will be equal to 0.9*EVMP and in t —i + 25 it will
be 0.8*EVMP, and so on. This gives the benefit stream from research investment.

6The cross-section cum time-series data for 1971-96 were used. The averages at the state level were derived
from the farm-level cost of cultivation data collected and published under the “Comprehensive scheme for the
study of cost of cultivation of principal crops,” Directorate of Economics and Statistics, Government of India.
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Choice of technique

The choice of technique (irrigation, variety) for the crop is afunction of investment
decisions of the farmer and the government and this induces the use of inputs and
thereby affectsyield. The choice of techniqueis measured as the percent of rice area
under irrigation and HY'Vs. The elasticity of irrigated rice areawith respect to the net
sown irrigated area was 0.61. The literacy rate, electrification, and irrigation influ-
ence the decision on the adoption of modern varieties significantly. All of these vari-
ables had expected positive signs. The elasticity of HYVs with respect to rural
electrification wasthe highest (0.48), followed by literacy (0.38) and irrigated area of
rice (0.19).

Factor demand function

Human labor. Normalized wages, machine labor charges, and the adoption of HYV's
and irrigation significantly influenced the use of human labor. The wage el asticity of
human labor demand had the anticipated negative sign. A negative sign of cross-price
elasticity with respect to the price of other variable inputs showed that the pair
is complementary and a positive sign an indicator of a substitution relationship. The
cross-price elasticity in relation to machine labor price was positive and significant.
The elasticity of demand for human labor with respect to rice price was positive
and mild (0.09). With wage inflation, human labor would be replaced by machine
labor. This would induce efficiency in crop production and improve productivity
and yield. Irrigation had a positive and significant effect on labor employment. The
adoption of modern varieties had an insignificant influence on human labor demand.

Machine labor. Machine labor use is a function of wages, bullock labor charges,
machine labor charges, HYVs, and irrigated rice area. The cross-price elasticity of
machine labor demand with respect to wages and bullock labor charges was positive
and significant, indicating a substitution relationship. The substitution of machine
labor for human and bullock labor would take place asaresult of anincreasein wages
for traditional |abor. Theelasticity of machine labor employment with respecttoHYV's
and irrigation was positive and significant. Irrigation expansion and the adoption of
modern varieties induced the demand for machine labor.

Fertilizer. Chemical fertilizers are the mgjor nutrients in crop production. The
own-price elagticity of fertilizer demand had a positive sign but was statistically in-
significant. The gradual increase in fertilizer price has not decreased fertilizer use. A
complementary relationship of fertilizer use with irrigation, HY Vs, and mechaniza-
tion was strongly visible and had a positive and significant effect in inducing fertil-
izer use. Fertilizer demand was highly responsivetoirrigation and HY Vs. Itsdemand
with respect to HY Vs was estimated to be positive and significant.

Yield. The structural equation of yield function inthe model is specified asafunc-
tion of farm inputs (human labor, machine labor, fertilizer, farmyard manure), tech-
nology and quality of inputs (TFP indices are used to take care of these factors),
rainfall, and the dummy for the eastern (control), western, northern, and southern
states of the country. Machine labor, fertilizer, and FYM had a significant and posi-
tive effect on rice yield. The effect of TFP on yield was positive and strong. The
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elagticity of rice yield with respect to TFP was estimated at 0.58. TFP seemed to be
the most dominating source of yield growth. Organic manure had a positive and sig-
nificant effect on rice yield.

Regional dummy. A quick glance at the region dummy estimates for rice showed
that the eastern region (control) and the southern region dummy coefficients were
positive, high, and statistically significant. It can be inferred that the faster rate of
growth in rice yield could be achieved from the eastern and southern states of India.
The northern states had achieved high growth inyield mainly because of theintensive
use of inputs, which may not be cost-effective. These findings confirm earlier find-
ings (Kumar and Rosegrant 1994) that the future productivity gainsin rice production
will have to be achieved from the eastern and southern regions of India.

Cumulative effects of price and nonprice factors

The cumulative effects of price and nonprice factors on yield were computed by us-
ing the estimated model and the formulation presented in Appendix 1. Figure Lillus-
trates the process through which yield growth takes place as a result of price and
nonprice factors. The cumulative effect of price and nonprice factorsonriceyield is
presented in Table 12.

Price factors
Wages. Wages have a negative effect on the use of human labor and a positive influ-
ence on machine labor and fertilizer. This implies that, with the increase in wages,
human labor becomes more costly. Once human labor becomes costly, the process of
replacing human labor by machine labor takes place. Mechanization induces fertil-
izer use and the trade-off between these inputs improves the efficiency of rice pro-
duction. Hence, the net effect of anormalized wage on yield was positive and estimated
to be 0.23.

Bullock labor charges. Higher bullock labor charges will induce a higher use of
machine labor as this results in the replacement of bullock labor by machine labor.
With a10% increasein bullock labor charges, the use of machine labor will increase

Table 12. Cumulative effect of price and nonprice factors on rice yield

in India.
Variable Total effect of price and nonprice
factors on rice yield (elasticity)

Wages (w/P) 0.23

Bullock labor charges (b/P) 0.10

Machine labor charges (m/P) -0.23

Fertilizer price (r/P) 0.02

Organic manure (q/ha) 0.04

Net sown area irrigated (%) 0.08

Villages electrified (%) 0.08

Rural literacy (%) 0.06

Total factor productivity 0.58
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Total yield effect dY/d (w/P) = 0.23 Total yield effect dY/d (b/P) = 0.10

Bullock labor

charge

Human labor
-0.25
Machine labor D), | Fertilizer Machine labor | | Fertilizer
0.90 l 0.30 0.39 0.13
Yield Yield
0.23 0.10

Total yield effect dY/d (m/P) =-0.23

Machine labor

charge
A
Human labor Machine labor Fertilizer
0.16 -0.84 -0.28
\ '/
Yield
-0.23

Fig. 1. Effect of factor price on rice yield. Numbers are the elasticities.

by 3.9%. M echanization induces a higher use of fertilizer. The higher use of machine
labor and fertilizer resulted in productivity gains. The cumulative effect of bullock
labor charges was estimated to be 0.10.

Machine labor charges. The price elasticity of demand for machine labor was
highly negative and significant. With a 10% increase in machine labor charges, the
use of machine labor will decline by 8.4%. The high cost of machine labor will result
in less use of machines and fertilizer and more use of human and bullock labor. This
will result in a net negative effect on yield. The cumulative effect of machine labor
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charges on yield was estimated to be —0.23%. It is necessary to keep the price of
machine labor low and thereby help to induce crop production efficiency in the light
of food needs and nutritional household security.

Fertilizer price. Chemical fertilizers are the major nutrients in crop production.
Rice and wheat are the technologically advanced crops and their relative profitability
is high (Kumar et a 1998). Rice yield elasticity is highly inelastic with respect to
fertilizer price. Thus, areductionin fertilizer subsidy will not affect the use of fertil-
izer and rice yield.

Nonprice factors

Irrigation. The impact of net sown irrigated area induces the allocation of irrigated
land to specific crops. Crop irrigated area induces the adoption of modern varieties.
Both yield-enhancing nonprice technol ogiesinduce the use of inputs and hence influ-
enceyield. Asseenin Figure 2, crop irrigation induces the adoption of HY Vs, with an
elagticity coefficient of 0.11. The irrigated area of the crop and adoption of HYVs
induced a higher use of human labor, machine labor, and fertilizer. Among the inputs,
irrigation had the highest effect on fertilizer use, followed by machine labor and hu-
man labor. The total effect of irrigated land expansion on yield was estimated to be
0.16 for rice. The government investment in irrigation increased the growth of irri-
gated area at 10% annually, and yield growth of rice would gain at 0.8%.

Literacy effect. Figure 3illustratesthe effect of literacy onyield through the adop-
tion of modern varieties and the higher use of modern inputs. Rural literacy had a
significant effect on the adoption of modern varieties. The elasticity of HY Vsfor rice
with respect to literacy was 0.38. The higher use of fertilizer and machine labor was
induced through modern varieties of rice as a result of the higher rural literacy rate.
However, the effect of literacy on human labor use was negligible and negative. A
10% improvement in the literacy rate would induce growth inrice yield of 0.6%. An
increaseinyield resulting from animprovement in literacy rate seemed to be small on
average but it still had substantial implications for the domestic supply of rice.

Electrification. Rural electrification induced the adoption of modern inputsinthe
rice crop (0.48). Capital investment in rural electrification in the eastern states in-
creased the use of fertilizer and machine labor and improved the rice supply. Electri-
fication had a mild negative effect on human labor employment. The higher use of
modern inputs as aresult of rural electrification was responsible for increasing yield
growth fromitsexisting level. A 10% increasein rural electrification will correspond
to anincrease of 0.8% inriceyield.

Total factor productivity. TFP is a significant determinant for yield growth. The
elagticity of rice yield with respect to TFP was estimated to be 0.58. Literacy ac-
counted for 15% growth in TFPfor therice crop (Table 10). Thisimplied that literacy,
through TFP, would contribute an 8.7% improvement in rice yield growth, which is
quite substantial.
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Total yield effect dY/d (NSIRR) = 0.08
NSIRR
CRIRR | HYV
0.61 0.11
Machine labor Fertilizer Human labor
0.23 » 0.62 0.12

Yield
0.08

Fig. 2. Effect of irrigation on rice yield.

Total yield effect dY/d (LIT) = 0.06 Total yield effect dY/d (VELECT) = 0.08
HYVs HYVs
0.38 0.48
"\\ ‘\‘
Machine Fertilizer Human Machine Fertilizer Human
labor > 0.48 labor labor » 0.62 labor
0.17 0.00 0.22 0.00

Fig. 3. Effect of literacy and rural electrification on rice yield. Numbers are the elasticities.
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Supply growth

TFP, price environment, infrastructure, literacy, and organic manure are the major
sources of yield growth (Table 12). The estimated rice yield growth equation in terms
of relative changes of exogenous variables could be expressed as

Y =0.23 (W/P) + 0.10 (b/P) —0.23 (m/P) + 0.02 (r/P) + 0.04 FYM + 0.08 NSIRR
+0.06 LIT +0.08 PVELECT + 0.58 TFP

Yield and area are the sources of output growth. The production growth equation
would be

S = Y + CRAREA

whereY isriceyield per unit of land and w, b, m, r, and P are wagerates, bullock |abor
charges, machine labor charges, fertilizer price, and crop output price, respectively.
NSIRR is the percent of net sown area under irrigation, LIT is the rura literacy,
PVELECT isthe percentage of total villages electrified, TFPistotal factor productiv-
ity, CRAREA isrice sown area, and adot (.) represents growth in the corresponding
variable. This formulation has the advantage of separating the effect of price
and nonprice factors. The first four terms measure the price effects and the other
terms measure the contribution of irrigation, literacy, electrification, and TFPto yield
growth.

The yield and production (supply) growth equations given above were used to
predict the supply of rice under the assumptions given in Appendix 3 for factor and
product prices, infrastructure variables, TFP, organic manure, and area growth. Me-
dium- and long-term prospects of rice supply were explored up to 2030 under the
following scenarios:

S1 = baseline assumptions as given in Appendix 3

S2 = baseline assumptions without TFP growth

S3 = baseline assumptions without area growth

$4 = baseline assumptions without TFP and area growth

Under these assumptions, the annual growth in rice supply and the sources of its
growth were predicted by using the yield and output growth equations (Appendix 4).
The projected growth inrice supply isgivenin Table 13. The results reveal ed that rice
supply would grow at alower rate than that achieved in the past. The predicted annual
growth of rice supply, corresponding to the baseline, would decline from 2.16% in
2000 to 1.71% in 2010 and further to 1.50% in 2030. The projected growth in
rice supply would be lower than that achieved during 1991-99. In the absence of TFP
growth, rice supply would grow by 1.51% in 2005, 1.41% in 2010, 1.36% in 2020,
and 1.31% in 2030. The possibility of area expansion is limited. Under the assump-
tion with no growth in rice area, the supply would grow annually by 1.23% in 2005,
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Table 13. Predicted annual growth (%) of domestic rice production

in India.
Year Scenario 1  Scenario 2  Scenario 3 Scenario 4
(baseline)

1995 2.51 1.98 1.95 1.42
2000 2.16 1.73 1.55 1.11
2005 1.87 1.51 1.23 0.87
2010 1.71 1.41 1.08 0.78
2015 1.66 1.39 1.03 0.76
2020 1.60 1.36 0.98 0.74
2025 1.55 1.33 0.94 0.72
2030 1.50 1.31 0.90 0.70

1.08% in 2010, 0.98% in 2020, and 0.90% in 2030. If no serious efforts are made to
accelerate TFP growth, we could use the scenario without growth in TFP and rice
area. Under this scenario, the rice supply would grow at asmaller rate of about 0.87%
in 2005, 0.78% in 2010, 0.74%in 2020, and 0.70% in 2030 vis-&Vvisthe baseline. The
projected growth in rice supply is lower than that achieved during 1982-90 (4.7%)
and 1991-99 (2.1%) and much less than what has been envisaged in variousfive-year
plans. In most of the area, theinvestment in irrigation has remained static or has even
falen. The natural resource base is under severe pressure. It therefore looks difficult
to increase the incremental rice output unless large investments in irrigation, infra-
structure, literacy, mechanization, research, and extension are made.

Sources of supply growth

As per the long-term perspective (1973-97), the rice supply grew annually at 2.51%.
The shares of sources of rice supply growth are presented in Appendix 4. In scenario
1, during 1973-97, prices contributed a maximum share to supply growth (26.3%),
followed by area (22.3%), TFP (21.1%), electrification (16.3%), irrigation (7.2%),
literacy (5.9%), and FYM (0.9%). A significant declinein the shares of irrigation and
electrification in the total rice supply growth was predicted in the projected period.
Thishas occurred because of aslowdown in the growth of net sown irrigated areaand
village el ectrification. A declining growth in public investment in canal irrigation was
observed. Electrification had reached a high level and in many states aimost al the
villages were electrified. Price environment is a potentially important instrument in
influencing efficiency and investment in agriculture. Unfavorable agricultural terms
of trade persist along with favorable technological frontiers. Although thisworksasa
disincentivetoinvest in agriculture, it has shifted incentivesto use avail able resources
efficiently. Price environment induced the replacement of traditional inputs (human
labor, FYM, local varieties, etc.) by modern inputs (machines, fertilizer, modern va-
rieties, etc.). The modern inputs have induced efficiency to improve productivity over
and above their own contribution as adirect input into production. The price environ-
ment, TFP, literacy, and area are the major sources of output growth. Literacy plays
an important role in the output supply through the adoption of advanced technology.
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Irrigation and electrification induced output growth during the Green Revol ution pe-
riod. These favorable sources of growth have lost their importance in the present
scenario.

Supply projections

Sometimes the growth figures are misleading in ng the actual need of supply.
Therefore, aneed arises to project supply in physical termsand it is easy to compare
with demand. The domestic supply projections for rice are calculated up to 2030
using TE 1999 as the base year. Using the base-year rice production in TE 1999, rice
supply is projected under various scenarios (Table 14). It is expected that, in the fu-
ture, increases in rice production will be only yield-based. The possibility of area
expansion is minimal. Therefore, scenarios 3 and 4 will be more realistic in the sup-
ply analysis. The domestic supply of rice under scenario S1 (baseline) in 2010 will be
about 108 million t. Domestic production will increase to about 127 million t in 2020
and to 148 million t in 2030. Considering the absence of TFP growth, the domestic
supply of ricewill be 103 milliontin 2010, 118 milliontin 2020, and 135 milliontin
2030. In the absence of area expansion under rice in the medium and long term, the
supply is projected at 100 million t in 2010, at 111 million t in 2020, and at 122
milliontin2030. The domestic supply in scenario 4 (without TFP and rice areagrowth)
is projected to be 96 million t in 2010, 103 million t in 2020, and 111 million t in
2030.

A comparison of scenarios S1 and S2 assesses the effect of TFP growth on rice
supply (Table 15). The TFP contribution to the rice supply is estimated at 4.6 million
t in 2010, 8.6 million t in 2020, and 12.9 million t in 2030. If TFP growth is not
maintained, the loss in the domestic supply by 2030 will be 9.5% of the production.
Theimpact of TFP on supply will be substantial. The area response remained one of
theimportant sources of domestic supply. Several statesgainedinriceareaasaresult
of substitution or expansion or both effects. The impact was substantial in the north-
ern states, where the rice area gained 4.4% annually during 1973-81 and 1.9% in the

Table 14. Projected domestic rice supply (million t), India.

Year Scenario 12 Scenario 2 Scenario 3 Scenario 4
(baseline)
TE 1999 85.7 85.7 85.7 85.7
2000 89.5 88.7 88.4 87.6
2005 98.7 96.0 94.6 91.9
2010 107.8 103.2 100.0 95.8
2015 117.1 110.6 105.4 99.5
2020 127.0 118.4 110.8 103.3
2025 137.3 126.6 116.2 107.1
2030 148.0 135.1 121.6 110.9

aScenario 1 = baseline assumption for price and nonprice exogenous variables. Sce-
nario 2 = baseline assumption without TFP growth. Scenario 3 = baseline assumption
without area growth. Scenario 4 = baseline assumption without TFP and area growth.
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Table 15. Effect of total factor productivity (TFP) growth on domestic production
of rice (million t), India.

Baseline Without TFP growth Effect
Year (scenario 1) (scenario 2) of TFP growth
2000 89.5 88.7 +0.8 (0.9)
2010 107.8 103.2 +4.6 (4.5)
2020 127.0 118.4 +8.6 (7.3)
2030 148.0 135.1 +12.9 (9.5)

Table 16. Effect of area growth on domestic production of rice (million t), India.

Year Baseline Without area growth Effect of rice

(scenario 1) (scenario 3) area growth
2000 89.5 88.4 +1.4 (1.6)
2010 107.8 100.0 +7.8 (7.8)
2020 127.0 110.8 +16.2 (14.6)
2030 148.0 121.6 +26.4 (21.7)

recent past. All the regions have shown a positive growth in rice area expansion at
about 0.6% on average nationally during 1967-99.

A comparison between scenarios S1 and S3in Table 16 assesses the effect of area
on supply. In the absence of area expansion, thelossin rice supply will be 7.8 million
tin 2010, 16.2 milliontin 2020, and 26.4 million tin 2030, which isabout 22% of the
total rice supply. This loss needs to be compensated for by increasing productivity
and yield. A comparison between scenarios $4 and S1 assesses the effect of TFP and
arearesponse and it is estimated to be equivalent to 12 million t in 2010, 24 milliont
in 2020, and 37 million t in 2030 (Table 17).

Demand projections

Several studies done in the past provide demand projectionsfor ricein 2020. Among
the most recent ones, the demand estimates given by Rosegrant et al (1995) provided
food projections based on the International Model for Policy Analysis of Agricultural
Commodities and Trade (IMPACT). Rice demand for Indiais estimated at 116 mil-
lion t in 2010 and 145 million t in 2020. The demand for rice is on the high side
considering the rice consumption pattern in India. The study does not account for
regional variationsin the consumption pattern and changes in income distribution. It
uses demand elasticities and technical coefficients synthesized from past studies. The
food characteristic demand system devel oped by Bouis and Haddad (1992), whichis
based on demand for energy, variety, and tastes of foods, is used to derive the demand
elagticities (Kumar 1998). These demand parameters are used to project the demand
for rice in 2020 under the assumptions that (1) total income grows at 4%, 5%, or 7%
per annum; (2) population grows at 2.0% per annum from 1991 to 1995, 1.9% from
1995 to 2000, 1.8% from 2000 to 2010, and 1.7% from 2010 to 2020; and (3) the pace
of urbanization will be consistent with the recent historical trend. Apart from therice
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demand for direct human consumption, an increasingly important component is the
requirement for feed, seed, industrial use, and wastage. After adding these require-
ments to the human consumption, the total domestic demand for riceis derived. The
results of domestic rice demand predictions corresponding to the three scenarios of
growth in gross domestic product (GDP) at constant pricesare givenin Table 18. The
domestic demand for rice will be about 104 million t in 2010 and 122 million t in
2020. During 2000-20, the domestic rice demand would grow at an annual compound
rate of 1.78%.

To meet the rice domestic demand, India must attain a per-hectare yield of 2.45t
by 2010 and 2.89 t by 2020. The average national yield must improve over the base
year 2000 by 23% by 2010 and by 45% by 2020. This yield improvement requires
serious efforts on the part of the national and international agricultural research sys-
tems. The emphasis for achieving the required incrementsin yield must be placed on
regionswhere current yield islow. Greater emphasis needsto be given in the states of
Bihar, Orissa, Assam, West Bengal, and Uttar Pradesh (Kumar and Mathur 1996).

Supply-demand gap

L ooking at the supply and demand gap of ricein 2000-30 given in Table 19, it appears
that the demand for rice will be met in the future with an annual surplus of about 4
million t by 2000, which will grow to about 5 million t in 2030. Thiswill occur if TFP
and areagrowth are maintained at historical levels. Without TFP growth (scenario 2),
the demand for rice will exceed domestic production in 2010 and India may experi-
ence adeficit of about 3.5 milliontin 2020 and 8 million t in 2030. Without rice area
expansion during the projected period (scenario 3), the trade deficit will grow to 12
million tin 2020 and to 21 milliontin 2030. However, under scenario 4 (without TFP
and area growth), the deficit is estimated at about 8 million tin 2010, 19 milliontin

Table 17. Effect of TFP and area growth on domestic production of rice (million t),

India.

Year Baseline Without TFP and area Effect of TFP and
(scenario 1) growth (scenario 4) area growth

2000 89.5 87.6 +1.9 (2.2)

2010 107.8 95.8 +12.0(12.5)

2020 127.0 103.3 +23.7 (22.9)

2030 148.0 110.9 +37.1(33.4)

Table 18. Projected domestic demand for rice in India.

Domestic demand (million t)

Income Growth during
growth (%) 2000 2010 2020 2000-20 (%)
4 85.4 103.7 122.4 1.82
5 85.4 103.6 122.1 1.79
7 85.6 103.7 121.9 1.78
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Table 19. Supply-demand gap for rice (million t), India.

Year Supply Demand Gap
S1: corresponding to baseline assumption for price and nonprice exogenous variables
(Appendix 2)
2000 89.5 85.6 +3.9
2010 107.8 103.7 +4.1
2020 127.0 121.9 +5.1
2030 148.0 143.0 +5.0
S2: corresponding to baseline assumption without TFP growth
2000 88.7 85.6 +3.1
2010 103.2 103.7 -0.5
2020 118.4 121.9 -3.5
2030 135.1 143.0 -7.9
S3: corresponding to baseline assumption without area growth
2000 88.4 85.6 +2.8
2010 100.0 103.7 -3.7
2020 110.4 121.9 -11.5
2030 121.6 143.0 -21.4
S4: corresponding to baseline assumption without TFP and area growth
2000 87.6 85.6 +2.0
2010 95.8 103.7 -7.8
2020 103.3 121.9 -18.6
2030 110.9 143.0 -32.1

2020, and 32 million t in 2030. This emphasizes the need for strengthening effortsto
increase production by maintaining or increasing TFP through public and private in-
vestmentinirrigation, rural infrastructure devel opment, research and technol ogy devel -
opment and transfer, human resource devel opment, and the sustainable management of
land by the efficient use of water and plant nutrients. The supply position remained easy
on account of areaexpansion with an annual growth rate of 1.9% inthe northern region,
0.5% in the western region, 0.6% in the eastern region, and 0.2% in the southern region
during 1991-99. The gain in rice areatook place as aresult of irrigation expansion and
the replacement of coarse cereals by rice. Rabi rice area continues to expand signifi-
cantly, with ahigher yield of 2.8t ha'l than the national averageyield of 1.9t haL.
Thesignificantincreaseinriceyield and production over the past 25 yearsstrongly
attests to the productivity of the Indian rice research system. The International Rice
Research Ingtitute (IRRI) was a dominant partner of the national research system in
earlier years, acting as a direct supplier of improved modern varieties. This has pro-
vided the respectable annual TFP growth of 0.91%. Evidence of decelerating TFP
growth is seen in Table 7. Technical change has not made much headway across
substantial areas. A high yield gap exists across pockets and regions. Under the sce-
nario illustrated in Table 19 (S1), the estimates of rice supply and demand give a
reasonable degree of confidence that the supply has been growing at a higher rate
than demand, which produced a buffer stock of 10 million t by April 1995. The stock
rose further to 14.9 million t in April 2000, despite a deceleration in growth in TFP,
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The favorable factors (area, irrigation, fertilizer, and TFP) of past growth may not be
available in the future. The supply scenario may not match the rice demand chal-
lenges ahead and the country may face arice trade deficit. All efforts need to concen-
trate on accel erating growth in TFP, while conserving natural resourcesand promoting
the ecological balance of the agricultural system.

Conclusions

From the foregoing analysis, the broad signals are clear. There is an urgent need to
exploit the potential of the eastern region. The northern region showsvery high growth
in production and yield mainly on account of the intensive use of inputs. Even with
the sharp drop in rice prices as a result of technological change and price policy
changes, rice research still yields high returns. The technological changein rice pro-
duction has lowered the unit costs of production and rice prices in rea terms and
benefited both consumers and producers. The TFP analysis for the later period could
not adequately capture theinfluence of the fast adoption of high-value basmati ricein
the northern region explicitly. The productivity of resources can be enhanced further
by improving the management of infrastructure as well as by extending it to the less
developed areas and by introducing new technologies. It is better to promote the effi-
cient allocation of resources and pay attention to the evolution of cost-reducing inno-
vations. There is aso a dire need to improve the efficiency of public investment in
irrigation by constructing field channelsin the eastern region (Kumar 1977) and other
public infrastructure.

The northern region witnessed the Green Revolution as aresult of the large-scale
adoption of yield-enhancing technologies of rice. There was some spillover effect of
improved ricetechnology in the eastern region. In aliberalized environment, the crop
pattern is moving in favor of rice.

TFP growth and a reduction in poverty have strong linkages. All future efforts to
improve TFP and arrest the deceleration in TFP growth will lead to a reduction in
poverty and hunger among small landholders. Farming systems research to develop
locati on-specific technol ogies and a strategy to make gray areas green by adopting a
three-pronged approach—watershed management, hybrid technology, and small farm
mechanization—will accelerate growth in TFP. These are some of the issues exam-
ined recently by Singh and Kumar (2001), whose study suggested that it is necessary
to make efforts to promote available dry-land technologies. Promating efficient fer-
tilizer practices, improving soil-testing services, strengthening the distribution chan-
nel of critical inputs, especially high-quality seeds, and developing physical and
institutional infrastructure will particularly help resource-poor farmers.

Thefarm situation will be characterized by areduction infarm labor, ahigher use
of fertilizer, and mechanization. Thiswould improve efficiency and rice yield. Rural
literacy emerged as an important source of growth in the adoption of technology and
the use of modern inputs to increaserice yield. Literacy will play afar more impor-
tant rolein the adoption of technology thanit did in the past (Mittal and Kumar 2000).
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The scope for areaexpansion islimited. A sustainable solution for food security can-
not be found in the manipulation of input and output prices without appropriate ad-
justments in nonprice factors and production strategies.

Looking at the demand-supply scenarios, it appears that the demand for rice
will be met in the future with amarginal surplus for trade. However, a surplus status
of ricewill not occur until growth in TFP and area are maintained at historical levels.
This emphasi zes the need to strengthen efforts to increase production by maintaining
or increasing TFP through public investment in irrigation, infrastructure develop-
ment, research, and the efficient use of inputs. The policies that induced efficiency
can keep the balance between domestic rice supply and demand. More than half of
the required growth in yield to meet the target demand must be met from research
efforts by developing location-specific and low-input-use technol ogies with empha-
sis on the regions where current yield is below the required national average yield.

Recognizing that serious yield gaps exist and that there are already proven paths
for increasing productivity, it is very important to maintain a steady growth rate
in total factor productivity. Indian rice deals with global trade. All efforts need to
concentrate on accelerating growth in TFR, while conserving natural resources and
promoting the ecological integrity of the agricultural system.
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Appendix 1

Supply model

Studies on agricultural supply response at the country or regional level have mainly
applied duaity theory to derive systems of output supply and factor demand equa-
tions from the underlying profit function (Lau and Yotopoulos 1972, Sidhu 1979,
Janvry and Kumar 1981, Chand 1991). In the application of the dual approach, the
technology and levels of quasi-fixed inputs have been treated as exogenous variables
that do not allow measurement of the dynamic effect of quasi-fixed inputs, technol-
ogy, and investments on the supply of commodities. Mundlak (1988) has devel oped
an alternative framework for the choice of techniquesin production, which permitsa
separate determination of optimal input and output combinations along a given pro-
duction function, and to determine the optimal combination of techniques. The ap-
proach provides a structure within which the choice of technique and quasi-fixed
inputs are determined endogenously. This approach was used for food supply analy-
sisin Indonesia (Rosegrant and Kasryno 1992) and in India (Kumar and Rosegrant
1997). The results have been close to redlity.

Adapting this framework, a simultaneous-equation model is specified in which
direct and indirect interactions are explicitly considered. It has three blocks—choice
of technique, factor demand, and yield equations—and consists of endogenous vari-
ables (yield, human labor, machine labor, fertilizer, crop irrigation, and high-yielding
varieties) and exogenous variables [factor product prices, irrigation, human resource
development (rura literacy), infrastructure (electrification), geographical location
(dummy for regions), agroclimatic factor (rainfall), and quality of inputsand technol-
ogy (TFP)]. Output supply is derived indirectly through this three-block model.

Specification of supply model

Repetitive exercises in estimating and revising the specification of the simultaneous
recursive model (in doublelog form) were undertaken by using three-stage | east squares
(3SLS) and seemingly unrelated regression estimates (SURE) estimation procedures.
Thefina form of the structural equations of the model is specified as follows.

Choice of technique

CRIRR =f (NSIRR, DUMMY) Q)

HYV =f (CRIRR, LIT, PVELECT, DUMMY) 2
Factor demand

HL =f (w/P, m/P, HYV, CRIRR) (3)

ML =f (w/P, b/P, m/P, HYV, CRIRR) 4

FERT =f (r/P, HYV, CRIRR, ML) (5)

Yield function
Y =f (HL, ML, FERT, FYM, TFP, RAIN, DUMMY) (6)
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| dentity
S=Y * CRAREA

where the variables in the model are defined as follows:

Endogenous: CRIRR = % of cropped area under irrigation (sum of both private
and public irrigation); HYV = % of rice area under high-yielding varieties; HL =
human labor in hours per hectare; ML = use of machinelabor (index); FERT = chemi-
cal fertilizersin terms of total plant nutrients in kilograms per hectare; Y = yield in
quintals per hectare for rice; and S = domestic supply of rice.

Exogenous: NSIRR =% of irrigated areato net sown areg; LIT = literacy rate (%
of rural literate population, primary or above education); PVELECT = % of villages
that are electrified; w = wage rate (Rs h1 of human labor); b = bullock labor charges
(Rs h per pair of bullock labor); m = machine labor charges (index); r = fertilizer
price (Rs kg™ of total plant nutrients); P = rice price; RAIN = rainfall in the critical
production period; DUMMY = region dummy and defined as ERDUMMY = eastern
region dummy and it takes the value one if the data pertain to the states of Bihar,
Orissa, Assam, and West Bengal, and zero otherwise. WRDUMMY = western region
dummy and it takesthe value oneif the data pertain to the states of Rgjasthan, Madhya
Pradesh, Maharashtra, and Gujarat, and zero otherwise. NRDUMMY = northern re-
giondummy and it takesthevalue oneif the data pertain to the states of Uttar Pradesh,
Haryana, and Punjab, and zero otherwise. SRDUMMY = southern region dummy
and it takes the value one if the data pertain to the states of Andhra Pradesh, Tamil
Nadu, Karnataka, and Kerala, and zero otherwise. FYM = use of farmyard manure
(g hal); TFP = total factor productivity index (Tornqvist-Theil index). CRAREA =
area under rice (predetermined endogenous variable).

Cumulative effects of price and nonprice factors on rice yield

The cumulative effects of price and nonprice factors on yield were derived from the
structural equations 1-6 of the supply model as specified above. Theformulationsare
presented bel ow. These formulations have the advantage of separating the effects of
congtituent forces on yield growth and help in understanding the process through
which yield growth takes place.

Wage effect
dY/d(w/P) = (aY/HL)(OHL/d [w/P])
(@Y/OML)(OML/o [(w/P])

(0Y/OFERT)(OFERT/OML)(OML/ [w/P])

+ + 1

As seen in the above eguation, wages have a direct effect on the use of human labor
and anindirect effect on the use of machinelabor by substitution, thusinducing fertil-
izer use through mechanization. Hence, there are greater yield improvement opportu-
nitiesin moving from traditional to modern inputs such as machinelabor and fertilizer.
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Bullock labor charges
dY/d(b/P) = (aY/OML)(@OML/0 [b/P])
+ (0Y/OFERT)(OFERT/OML)(0ML/0 [b/P])

Thebullock labor chargesinduce changesin machine labor use and also induce fertil-
izer demand. Bullock labor price hasan indirect effect on yield through the higher use
of machine labor and fertilizer.

Machine labor charges
dY/d(m/P) = (dY/OHL)(oHL/d [m/P])
+ (0Y/OML)(OML/0 [m/P])
+ (0Y/OFERT)(OFERT/OML)(0ML/0 [m/P])

Machine labor charges have both direct and indirect effects on yield. The first term
measures the effect of machine price on human labor and then yield. The second term
measures the direct effect of machine charges on the use of machines and then yield.
The third term measures the indirect effect of machine charges on yield through fer-
tilizer.

Fertilizer price
dY/d(r/P) = (0Y/OFERT)(OFERT/0 [r/P])

The above terms measure the fertilizer price effect on yield through fertilizer.

Net sown irrigation
dY/dNSIRR = (0Y/OHL)(0HL/OHYV)(0HY V/OCRIRR)(0CRIRR/ONSIRR)
+ (@Y/OML)(OML/OHYV)(0HY V/0CRIRR)(0CRIRR/ONSIRR)
+ (OY/OFERT)(O0FERT/OML)(OML/OHYV)(OHY V/ICRIRR)
(OCRIRR/ONSIRR)

+ (0Y/OFERT)(OFERT/OHY V)(OHY V/0CRIRR)(0CRIRR/ONSIRR)

+ (0Y/OHL)(0HL/ICRIRR)(0CRIRR/ONSIRR)

+ (0Y/OML)(OML/OCRIRR)(0CRIRR/ONSIRR)

+ (0Y/OFERT)(OFERT/OML)(0ML/0CRIRR)(0CRIRR/ONSIRR)

+ (0Y/OFERT)(OFERT/OCRIRR)(0CRIRR/ONSIRR)

This equation captures the effect of irrigation on yield (productivity) through yield-
enhancing technologies such as the alocation of irrigated land under the crop, the
adoption of improved varieties, and their effect on the use of inputs and thereby on
yield.
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Literacy
dy/dLIT (OY/OHL)(OHL/OHYV)(OHYV/OLIT)

(OY/OML)(OML/OHYV)(OHY V/OLIT)

(OY/OFERT)(0FERT/OML)(OML/OHYV)(OHYV/OLIT)

(8Y/OFERT)(OFERT/OHY V)(QHY V/ALIT)

+ 4+ + 0

This equation captures the effect of literacy on yield through improved varieties and
hence changes in the use of inputs, leading to increasesin yield.

Rural electrification
dY/dPVELECT = (0Y/OHL)(0HL/OHY V)(OHY V/dPVELECT)
+ (0Y/OML)(OML/OHYV)(0HY V/OPVELECT)
+ (0Y/OFERT)(0FERT/OML)(OML/OHY V)(OHY V/OPVELECT)
+ (0Y/OFERT)(OFERT/OHYV)(0HYV/0PVELECT)

This equation capturesthe effect of village el ectrification on yield through improved
varieties and changes in the use of inputs.

TFP
dY/dTFP = coefficient of TFP inyield equation
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Appendix 3

Baseline assumptions for projecting domestic rice supply, India.?

Price and nonprice

Observed annual
growth (%)

Predicted annual

growth (%)

exogenous variables

1971-85 198597 197197 2005 2010 2020

Factor and product prices

Human labor charges 8.62 12.62 10.36 10.36 10.36 10.36

Animal labor charges 7.49 10.40 8.81 8.81 8.81 8.81

Machine labor charges 10.18 6.29 8.02 8.02 8.02 8.02

Fertilizer price 4.04 5.50 4.50 4.50 4.50 4.50

Rice price 6.16 8.67 7.08 7.08 7.08 7.08
Infrastructure variables

Net sown irrigated area (%) 3.20 1.09 2.26 0.51 0.23 0.11

Villages electrified (%) 6.56 2.02 5.10 0.87 0.38 0.16

Rural literacy (%) 2.95 2.08 2.46 1.62 1.26 0.98
Supply factors

TFP 0.98 0.75 0.91 0.62 0.51 0.42

Organic manure 1.66 -1.90 0.59 0.00 0.00 0.00

Rice area 0.66 0.65 0.56 0.64 0.63 0.62

3t is assumed that the factor product prices would grow at the rate observed during 1971-97. The growth in the
infrastructure variables, total factor productivity (TFP), and rice area will decelerate at the rate observed from
1971-85 to 1985-97. Zero growth is assumed for farmyard manure.
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Appendix 4

Decomposition of domestic supply growth for rice, India (% share in total annual

supply growth).

Sources of growth? 1995 2005 2010 2020

Scenario 1: baseline
Price 26.3 35.3 38.6 41.1
FYM 0.9 0.0 0.0 0.0
Irrigation 7.2 2.2 1.1 0.6
Literacy 5.9 5.2 4.4 3.7
Electrification 16.3 3.7 1.8 0.8
TFP 21.1  19.3 17.4 15.2
Area 22.3 343 36.9 38.7
Annual supply growth (%) 2.51 1.87 1.71 1.60

Scenario 2: without TFP growth
Price 33.3 438 46.7 48.5
FYM 1.2 0.0 0.0 0.0
Irrigation 9.1 2.7 1.3 0.7
Literacy 7.5 6.5 5.4 4.3
Electrification 20.6 4.6 2.2 0.9
Area 28.3 425 44.6 45.6
Annual supply growth (%) 1.98 1.51 1.41 1.36

Scenario 3: without area growth
Price 339 538 61.1 67.1
FYM 1.2 0.0 0.0 0.0
Irrigation 9.3 3.3 1.7 0.9
Literacy 7.6 7.9 7.0 6.0
Electrification 21.0 5.7 2.8 1.3
TFP 27.1 29.3 27.4 24.8
Annual supply growth (%) 1.95 1.23 1.08 0.98

Scenario 4: without TFP and area growth
Price 46.5 76.1 84.1 89.1
FYM 1.7 0.0 0.0 0.0
Irrigation 12.7 4.7 2.4 1.2
Literacy 104 11.2 9.6 8.0
Electrification 28.7 8.0 3.9 1.7
Annual supply growth (%) 1.42 0.87 0.78 0.74

aFYM = farmyard manure, TFP = total factor productivity.
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Medium- and long-term prospects
of rice supply and demand in Indonesia

Tahlim Sudaryanto, Pantjar Simatupang, Bambang Irawan,
and Dewa Ketut Sadra Swastika

The rice industry remains a strategic sector in the Indonesian economy in
terms of its contribution to economic growth, food security, and poverty alle-
viation. Government policies for the rice sector have changed significantly
from “high support and high protection” since the 1970s to “low support
and low protection” since the mid-1980s. In line with changes in the policy
environment, rice productivity growth has tended to decline. However, under
the prevailing world market price, rice farming shows a comparative and com-
petitive advantage. For the medium- and long-term perspective, the Indone-
sian rice supply cannot meet increasing rice demand, which leads the coun-
try to import around 1-3 million tons of rice annually. Under the current
policy environment, an appropriate strategy to stimulate rice production is
through land development and innovation systems.

The Indonesian economy has experienced a massive structural transformation in the
past 30 years. Exports based on foreign capital and natural resource exploitation (oil
and forest) enabled the economy to grow rapidly from 1970 to the late 1990s (before
the economic crisisin 1997), such that the country was considered a significant con-
tributor to the so-called Asian “economic miracle” With the Indonesian economy
undergoing massiveindustrialization, the riceindustry and the agricultural sector asa
whole are no longer considered key sectors, especialy in terms of their contribution
tototal grossdomestic product (GDP). Meanwhile, the household consumption struc-
ture has also become increasingly diversified. The average rice share in the house-
hold expenditure declined significantly. Therice priceisno longer the most dominant
determinant of national price inflation.

Although its role in shaping Indonesia’s macroeconomic situation has decreased
significantly, the rice industry remains a strategic sector in the fight for food security
and for improving the well-being of the poorer households in rural areas. Rice re-
mains the major staple food of the population, especialy for those in lower income
groups. The industry remains the backbone of most rural economies and thus has
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always been resorted to as the rallying point for movements to alleviate poverty and
improve equity. The rice industry thus remains very important both socially and po-
litically. Accordingly, promating rice industry development remains a high priority
for the government of Indonesia.

Understanding the medium- and long-term prospects of rice supply and demand
is extremely important in formulating Indonesia’s national rice policy. However, be-
ing both the world’s major rice producer and consumer, Indonesia’s rice supply and
demand conditions significantly affect world rice market dynamics and hence the
markets of other food commaodities as well. Understanding Indonesia's rice supply
and demand outlook is important for better understanding the medium- and long-
term prospects of world rice conditions.

In this paper, we discuss the previous performance and long-term prospects of
rice supply and demand in Indonesia. Subjects on the supply side include a historical
analysis of growth in production and its sources (yields and harvested area), produc-
tion efficiency (input use and productivity), and rice-farming competitiveness (com-
parative advantage). The historical analysis is complemented with analysis on the
possibilitiesfor increasing rice supply through land expansion, irrigation investment,
and other policy instruments to reach some conclusions on the rice supply outlook.
The demand side, on the other hand, includes the historical changes in household
consumption and other rice use as well as their basic determinants and outlook. His-
torical changesin policy regimes that significantly affect the performance of therice
industry are also discussed. The paper also presents quantitative perspectives of rice
supply and demand. To some extent, this paper is an updated version of the project
report “Medium and Long-Term Projection of Supply and Demand in Indonesia’
(Simatupang et al 1995). This project was part of the multicountry studies organized
by the International Rice Research Ingtitute (IRRI) and International Food Policy
Research Ingtitute (IFPRI) and funded by Japan.

Changes in policy regimes

Realizing the dominant role of the rice industry in the Indonesian economy, the im-
portance of rice and rice farming for national food security, and the strategic impor-
tance of rice politically, former President Soeharto rightly decided that promotion of
national rice production leading to self-sufficiency was the top priority of his eco-
nomic development program soon after he took control of the government in the late
1960s. He then outlined a consistent “twin strategy” to develop the rice sector:

1. Short run: rice price stabilization at affordabl e prices to assure household food
security and economic (as well as political) stabilization.
2. Long run: boosting domestic rice production, leading to self-sufficiency.

With strong | eadership and determination, the Soeharto administration then set up

a comprehensive policy package to implement the twin strategy. First was the land
rehabilitation and development program. This program was designed to massively
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expand rice field area, enhance land suitability for intensive rice farming, and in-
crease potential productivity of theland. With large investment funds provided by the
government, this program was very successful in expanding rice field area suitable
for intensiverice farming, especially in the 1970s. Thiswas the key factor in the high
growth rate of rice harvested areain the 1970s up to the mid-1980s.

Second was the extensive and compl ete infrastructure devel opment program (ir-
rigation and rural roads). Theirrigation devel opment program complemented the land
development program in expanding irrigated rice fields. Up to the late 1980s, irriga-
tion water was available free of charge for rice farmers. Irrigation development was
instrumental in expanding rice planted area, cropping intensity, and yield. Rural road
development was the key factor providing extensive access to agro-inputs and creat-
ing efficient rural markets.

Third was support to the agro-industry (agro-inputs, agro-equipment, agro-pro-
cessing) development program. The government provided various incentives (cheap
credit, tax holidays) to promote private investment in this area. Private enterprisesin
rice processing, agricultural equipment, and pesticide manufacturing grew rapidly.
The government built five big fertilizer manufacturing companiesto meet the rapidly
growing demand for fertilizer. Presently, Indonesia has a surplus of ureafertilizer.

Fourth was the innovation system development program. The government set up
a comprehensive rice innovation system throughout the country. At the upstream of
the system lies research and institutional development equipped with sufficient hu-
man resources, research equipment, and operating budget. The national rice research
system has been quite successful in finding new high-yielding rice varietiesand rice-
farming management practices. The government al so constructed anational seed dis-
tribution system connecting the research and development institutes and farmers
throughout the country. To complete the innovation system, the government then set
up anational agricultural extension system. The innovation system has been instru-
mental in promoting the rapid adoption of the Green Revolution technology that was
the main source of rice productivity and production growth since the late 1960s.

Fifth wasthe provision of rice-farming incentives. Theincentives schemeincluded
input subsidies (fertilizer, seed, pesticide), cheap supervised credit, and supported
rice prices. The agro-input provision was managed by the government to make this
easily accessible to rice farmers. The provision of cheap inputs was instrumental in
their rapid adoption and intensive use, which led to the achievement of high yield
with the application of the Green Revolution technology. Rice farmers were guaran-
teed a minimum price (floor price) for the paddy they produced. The paddy floor
price contained a significant support element (higher than import parity) and was
effectively defended by the government. The incentive scheme was quite alluring for
the farmers.

Sixth was institutional development. Almost al rice farmsin Indonesia are small
in size. The average land size is around only 0.3 ha. Rice group farming is useful for
harmoni zing farming activities aswell aseconomizing on various empowerment pro-
grams conducted by the government. Accordingly, since the late 1960s, the govern-
ment has promoted the devel opment of farmers’ groups consisting of 25-30 farmers
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in each group. For irrigation management, the government also developed a water
users’ association. To coordinate the programs, the government set up a nationwide
Mass Guidance Supervisory Committee (MGSC). At the national level, the MGSC
was directly headed by President Soeharto himself, at the provincia level by the
governor, at the regency level by the regent, and at the district level by the head of the
district. With acentralized and hierarchical organization, President Soeharto wasable
to control all national rice policies.

To ensure policy enforcement, President Soeharto then declared that increasing
rice production was a “national policy,” meaning that it must be supported by all
parties. It was al so decided that rice production became an indicator of official perfor-
mance. Increasing rice production was the national priority. The supporting budget
was almost unlimited and official attention centered on rice. Farmers were forced to
plant rice on their irrigated land.

No wonder the comprehensive and mandatory policy package was very effective
in boosting national rice production. Rice production had been growing very rapidly
sincethe late 1960s until the mid-1980s. Rice self-sufficiency wasfinally achievedin
1984, which was considered a significant achievement. It was beyond anyone's pre-
diction that Indonesia could improve its status from being the largest rice importer in
the world. President Soeharto was appreciated by the FAO for his achievement.

The achievement of rice self-sufficiency seemed to be the turning point of the
impact of the national rice policies. Since 1984, the effort to increase rice production
declined gradually. The policy regime has changed radically from high support and
high protection to low support and low protection. As part of the structural adjust-
ment advised by the World Bank and International Monetary Fund, fertilizer subsi-
dies have been phased out since the mid-1980s and were completely abolished in
1998. The budget allocation for infrastructure development has declined. Water irri-
gation isno longer free of charge. Farmers are free to manage their farms. Rice farm-
ing is no longer compulsory even on technically irrigated land. Rice farming is now
based on a free-market environment.

The only significant policy that is still in placeisthe paddy floor price. However,
this policy has not been too effective as it has not been sufficiently supported by
complementary policies and implemented by concerned public agencies. The tariff
rate on rice importation, for example, has been too low (Rp 430 kg™) to support the
paddy floor price, which is at a high price of Rp 1,500 kgt. At the same time, the
volume of riceimports has not been restricted. Nonethel ess, the persistent undervalu-
ation of the rupiah provides significant price protection for rice farmers.

Growth in production and productivity

Growth in production

Theincrease in rice production is the main strategy of the Indonesian government to
support the food security program. As a result of the Green Revolution technology
established in mid-1960 and support from the government’s budget from the “petro-
leum boom,” rice production increased spectacularly from 11.8 million tonsin 1970
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to 23.7 million t in 1984. During 1970-84, rice production growth averaged 5.23%
per year. This growth was more than double the population growth, which enabled
the achievement of rice salf-sufficiency in 1984. Around 70% of the production growth
resulted from the increase in yield per hectare or, in other words, from technology
innovation (Table 1).

After the achievement of rice self-sufficiency, rice production growth dropped to
1.99% in 1985-99. The production growth rate almost matched the popul ation growth,
which was estimated at around 2% per year. This means that rice production growth
was just enough to meet the increase in rice demand caused by the population in-
crease, but not sufficient to fulfill the increase in consumption per capita because of
increased income. For thisreason, riceimports again increased markedly from 650,000
tin 1986 to 1.0-1.5 million t in 1990-95, reaching a peak of around 5.8 milliontin
1998.

The figures above revea that the problem of rice supply recently tended to in-
crease because of the slowing down of production growth. Such conditions worsened
because of the greater variability of the production growth rate. During 1970-84, the
coefficient of variation of rice production growth was 91% and it increased to 175%
in 1985-99. Evaluation by decade showed a similar tendency, in which instability of
production growth, harvest area, and yield during the last decade was much higher
than in the previous two decades. This means that the recent food security problem
was not only due to the decreasing trend of production growth, but also to the insta-
bility of the production growth rate (Simatupang 2000). The two major causes of
production growth instability in the last decade were the El Nifio eventsthat occurred
three times and the economic crisis that started in mid-1997.

Table 1 shows that the lower rate of production growth after the achievement of
rice self-sufficiency was due particularly to the decrease in yield growth from 3.79%
per year in 1970-84 to 0.80% in 1985-99. Furthermore, during the last decade, yield
growth was only 0.35% per year while growth of harvested areawas 1.05% per year.
Thesefigures a so indicate that the source of increased rice production during the last
decade was mainly from the increase in harvested area, which came from the expan-
sion of arable land or from increased cropping intensity. This phenomenon is not
desirable in the future since the expansion of arable land and irrigation construction

Table 1. Long-term growth of rice production in Indonesia.

Period Average growth (% y™) Coefficient of variation (%)

Production Harvested Yield Production Harvested Yield

area area
Before self-sufficiency (1970-84) 5.23 1.39 3.79 91 263 75
After self-sufficiency (1985-99) 1.99 1.20 0.80 175 285 266
By decade
1970-79 3.94 1.00 2.89 120 360 73
1980-89 5.52 1.83 3.64 73 160 87
1990-99 1.37 1.05 0.35 280 391 697
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require a very large investment budget, whereas the capacity of the government to
finance this investment is increasingly limited. Therefore, a technology innovation
capable of increasing yield potential isthe only option to assure sustainability of rice
production in Indonesia.

Growth in input use

High-yielding varietiesand chemical inputs arethe major agricultural inputsthat sup-
port rice production. Yet, because of constraints of capital and low farmers’ accessi-
bility, the use of these modern inputsin the 1960swasrelatively low. To support input
use and at the same timeto improve cultural practices used by farmers, variousinten-
sification programs were established. The basic objectives of the government’s rice
intensification programs were (1) to provide farmers with modern agricultural inputs
at affordable prices and (2) to provide access to credit to finance the required invest-
ment.

Mass Guidance called Bimbingan Massal (BIMAS) wasariceintensification pro-
gram proclaimed in 1965-66. This program covered five efforts: the use of good seeds,
fertilizer, plant protection with pesticides, better water management, and improved
cultural methods. Under this program, farmers were guided by skilled personnel and
aided by an adequate supply of inputs and subsidized credit package. Later, in 1979,
the BIMAS program was restructured and renamed the Special Intensification Pro-
gram (INSUS). In the INSUS program, 50-100 farmers were encouraged to operate
as a group that was responsible for farm planning and decision making, with exten-
sion agents ready to provide required services when needed.

Table 2 shows aspectacular increase ininput useintensity, particularly after the
INSUS program was implemented. For instance, the use of fertilizer increased from
16.3kgha?in1972-73to 255.2 kg halin 1990-91 but decreased slightly to 247.1 kg
halin 1997-98. The use of pesticide also increased from 0.46 kg hal in 1972-73 to
2.42 kg hal in 1997-98. In 1980-89, fertilizer and pesticide use increased at 6.81%
per year and 5.69% per year, respectively. In Java, fertilizer and pesticide application
was much higher than in off-Java, indicating more advanced technology develop-
ment in Java. The significant increase in input use, among other things, was caused
by theincreasing coverage area of thericeintensification program: 47%in REPELITAL
11 (1974-79) and 76% in REPELITA IV (1984-89).

During the last decade, the use of fertilizer was declining outside Java, whilein
Java it till showed an increase, with a lower rate than in the previous decade. The
decrease in fertilizer use might be due to the gradual input subsidy reduction since
1983. Furthermore, in December 1998, the subsidy for fertilizer was abolished be-
cause of the economic crisis, which in turn made the price of urea and triple super-
phosphate increase 64% and 52% vis-a-Vis the previous month.

1 REPELITA (Rencana Pembangunan Limang Tahun) refers to Indonesia’s 5-year development plan.
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Table 2. Use of major agricultural inputs in rice farming, 1972-73-1997-98

(kg ha™).
Year Java Off-Java Indonesia
Seed
1972-73 40.4 36.4 37.4
1978-79 40.8 40.1 40.2
1984-85 40.2 33.9 35.1
199091 39.3 35.1 35.9
1997-98 43.4 42.1 42.4
Fertilizer
1972-73 56.1 3.4 16.3
1978-79 116.3 32.0 48.9
1984-85 344.2 146.5 186.0
199091 397.9 222.8 255.2
1997-98 400.6 208.7 247.1
Pesticide
1972-73 1.03 0.27 0.46
1978-79 1.64 0.56 0.77
1984-85 3.21 1.42 1.78
199091 3.71 1.21 1.71
1997-98 6.70 1.47 2.42

Growth (% year?)

Seed
1972-79 0.80 2.21 1.71
1980-89 0.32 0.67 0.59
1990-98 1.80 3.06 2.80
Fertilizer
1972-79 2.29 4.36 2.51
1980-89 4.05 8.74 6.81
1990-98 0.37 -1.20 0.61
Pesticide
1972-79 8.68 2.41 3.18
1980-89 9.73 3.38 5.69
1990-98 8.50 4.40 5.60

Source: Central Bureau of Statistics.

Competitiveness of rice production
The gradual decline in the world price of rice from the early 1980s was partly due to
thelower import demand as several of the major rice-producing and -consuming coun-
triesin Asiaachieved self-sufficiency in the commodity. At thislower pricelevel, the
guestion was posed as to whether Indonesia would have competitiveness in produc-
ing rice, particularly in thelong term. The question isrelevant because the low cost of
rice production in Indonesiawas basically dueto the government’ sintervention through
subsidy of fertilizer and seed. One of the effects of the economic crisisin 1997 has
been the withdrawal of the fertilizer subsidy. In addition, as the GATT comes into
force, any kinds of subsidy and trade barriers to agriculture would be removed in the
long term.

A study conducted by USAID/DAI and CASER (Center for Agro and Socio-Eco-
nomic Research) tried to answer the above question. The study was carried out in five
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rice-producing regions in and outside Java. The competitiveness of rice production
was analyzed by season (wet or dry season) since both productivity and pricevary by
season. Some results particularly related to the competitiveness of rice are presented
in the following section.

Financial and economic profitability. The calculation of financial profitability
was based on current prices, while the economic profitability calculation was based
on the shadow prices of production inputs and outputs. The production cost was clas-
sified into tradable input costs (seed, fertilizer, pesticide) and domestic factor costs
(Iabor, land rent, credit).

With productivity of 4.2-5.1t hal in the wet season and 4.3-5.0t halinthedry
season, the financia revenue of rice farming ranged from US$501 to $568 per hect-
are (Table 3). Therevenue varied across sites and seasons because of the differencein
productivity and rice price. In the districts of Mgaengka, Klaten, and Sidrap, the

Table 3. Return, cost, and profitability of rice farming in five districts of Java and outer islands.

Item Java Outer islands

Majalengka  Klaten Kediri Sidrap Agam

Financial value

Return (Rp 000 ha™t)

Wet season 1999-2000 4,606.3 3,759.7 4,092.6 3,970.0 3,872.7
Dry season 2000 4,199.9 4,958.8 4,517.7 3,871.5 5,001.0
Production cost (Rp 000 ha)
Wet season 1999-2000 3,758.7 3,154.4 3,662.9 3,354.6  3,407.9
Dry season 2000 3,649.7 3,386.9 3,749.7 3,298.5 3,980.8
Profit (Rp 000 ha)
Wet season 1999-2000 847.6 605.3 429.7 615.3 464.7
(18.4)2 (16.1) (10.5) (15.5) (12.1)
Dry season 2000 550.2 1,571.9 768.0 573.0 1,020.2
(13.1) (31.7) (16.9) (14.8) (20.4)

Economic value

Return (Rp 000 ha™t)

Wet season 1999-2000 3,704.0 3,257.4 3,866.2 3,970.0 3,491.4
Dry season 2000 3,463.0 4,551.5 3,292.3 4,089.2 4,057.5
Production cost (Rp 000 ha)
Wet season 1999-2000 3,596.6 3,052.2 3,526.0 3,362.6  3,320.3
Dry season 2000 3,539.2 3,263.4 3,759.8 3,107.8 3,874.9
Profit (Rp 000 ha?)
Wet season 1999-2000 107.4 205.2 340.2 607.4 171.1
(3.0) (6.3) (8.8) (15.3) (4.9)
Dry season 2000 -76.2 1,288.1 -467.5 981.4 182.
(-2.2) (28.3) (-14.1) (24.0) (4.5)

aNumbers in parentheses are percentage of profit to gross return (%).
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productivity of rice farming in the dry season was higher than that in the wet season,
but the rice price was lower, whereas the reverse was true in Kediri and Agam districts.

The financia production cost ranged from $421 to $501 per hectare in the wet
season and from $375 to $452 per hectare in the dry season. Around 75% of the
production cost was domestic factor cost, which consisted mainly of land rent (30—
50%) and labor cost (20-35%). Therelatively high cost reveal ed the scarcity of land,
particularly in areas with high population density. Because of the conversion of agri-
cultural land into nonagricultural uses, land rent is expected to increase continuously
in the future.

Because of inconsistency in seasonal productivity and seasonal price variationin
each district, there was no consistent pattern in the seasonal profitability of rice farm-
ing. In some districts (Klaten, Kediri, Agam), the profitability of rice farming might
be higher in the dry season than in the wet season, but the reverse was observed in
other districts (Maalengka, Sidrap). Financia profit in the wet season ranged from
$57 to $113 per hectare and from $62 to $179 per hectare in the dry season. It ac-
counted for around 10.5-18.4% and 13.1-31.7% of thefinancial returnin thewet and
dry season, respectively. With aninterest rate of 12—15% per year, the profitability of
rice farming was only marginally higher than the opportunity cost of capital.

Although positive returns of rice farming based on the financia analysis were
established in al districts across all seasons, the economic analysis indicated nega-
tive economic returnsin Majalengkaand Kediri, particularly in the dry season (Table
3). Ingeneral, economic profit in rice farming waslower than financial profit, mainly
because the shadow price of rice was lower than its actual price. Thisindicated that
the government’s policy for the rice industry gave an economic incentive to rice pro-
duction. The amount of the economic incentive varied across districts and seasons,
which was generally higher in the wet season. Hence, |ocation-specific technology
development isrequired to maintain proper economic profitability in rice production.

Comparative and competitive advantages. Table 4 showsthat rice farming in five
districts had competitive advantages in rice production, shown by the profitability to
cost ratio (PCR) value of less than 1. Those five districts also showed comparative
advantages except for the dry season 2000 in Mgjalengka and Kediri. Some factors
that promoted comparative advantages in those districts were (1) the availability of

Table 4. Domestic resource cost ratio (DRCR) and profitability to cost ratio (PCR) of wetland
rice farming in some districts of Java and outer islands.

DRCR PCR

Island/province District Wet season  Dry season Wet season Dry season
1999-2000 2000 1999-2000 2000

West Java Majalengka 0.96 1.03 0.77 0.84
Central Java Klaten 0.92 0.66 0.80 0.62
East Java Kediri 0.89 1.19 0.87 0.79
West Sumatra Agam 0.94 0.95 0.86 0.77
South Sulawesi Sidrap 0.73 0.82 0.81 0.82
Average 0.89 0.93 0.82 0.77
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irrigation infrastructure favorablefor rice cultivation, (2) theimplementation of more
developed technology than in other districts, and (3) farmers' accessibility to an eco-
nomic infrastructurethat wasrelatively strong. Still, the comparative advantageswere
relatively marginal, shown by the domestic resource cost ratio (DRCR) values that
arevery closeto 1:0.89 in the wet season and 0.93 in the dry season.

Results of sensitivity analysis showed that the comparative advantage was rela
tively sensitive to the decrease in productivity and rice price (Table 5).

If productivity or rice price decreased by as much as 23%, those five districts
would also lose their comparative advantage in rice production. Both productivity
and rice price are critical factorsin maintaining comparative advantages in rice pro-
duction because (1) therice price in the world market tended to decrease and (2) the
productivity of rice farming during the last 10 years grew very slowly (0.35% per
year) because of the lack of atechnology breakthrough. In such conditions, improve-
ment of efficiency through the application of site-specific technology, rationalization
of production input use, and improvement of input and output market institutions are
necessary to maintain comparative advantages in rice production.

Effects of the incentive policy. The incentive policy in the food crop sector was
basically aimed at protecting farmers and stimulating an increase in rice production
and productivity. The policy analysis matrix (PAM) has been applied to evaluate the
effects of the policy. The analysis was conducted for various irrigation statuses and

Table 5. Sensitivity analysis of comparative advantage in producing rice.

Java Outer islands
Item
Majalengka Klaten Kediri Agam Sidrap

Actual productivity (quintals ha)

Wet season 1999-2000 48.65 41.97 51.15 45.56 48.46

Dry season 2000 49.59 48.55 47.52 43.61 49.83
Productivity under DRCR = 1 (qt ha™)

Wet season 1999-2000 37.91 34.09 44.08 39.08 38.40

Dry season 2000 41.78 37.18 39.41 36.99 40.03
Productivity gap (%)

Wet season 1999-2000 22.1 18.8 13.8 14.2 22.8

Dry season 2000 15.7 23.4 17.1 15.2 19.7
Actual price (Rp kg?)

Wet season 1999-2000 947.6 894.4 800.0 850.0 819.5

Dry season 2000 8459 1,025.0 955.5 39.1 775.1
Price under DRCR = 1 (Rp kg?)

Wet season 1999-2000 741.5 733.4 716.4 732.4 653.6

Dry season 2000 715.4 868.2 793.8 888.6 624.5
Price gap (%)

Wet season 1999-2000 21.7 18.0 10.4 13.8 20.2

Dry season 2000 15.4 15.3 16.9 22.0 19.4
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across seasons. Table 6 presents someindi cators aggregated by district and by season.

The nominal protection coefficient on output (NPCO) is more than 1, ranging
from 1.06 to 1.37. Thisindicates that the current government policy onrice had led to
afarm-gate pricethat isaround 6-37% higher than theinternational price. Thismeans
that the policy gave benefits to farmers. Yet the government policy in the market of
tradable inputs was unfavorable for farmers since those input prices were more ex-
pensive by 7-32% than their respectiveinternational prices. Thetradableinputspolicy
provided benefits only to farmersin the district of Kediri, where prices paid for inputs
were 7% lower than their respective international prices, particularly in the dry sea-
son.

Intotal, government policy in the market of outputs and tradabl e inputs produced
an effective protection coefficient ranging from 1.03 to 1.52, except for the district
of Sidrap inthedry season (0.90). This showed that, in the current situation of outputs
and tradable inputs markets, rice farmers obtained higher added value, around
3-52%, compared with added value obtained in perfectly competitive market condi-
tions. Hence, we can conclude that the government’s policy for the markets of outputs
and tradable inputs is fairly effective in protecting the income of most rice farmers,
although the policy on tradable inputs (seeds, fertilizers, pesticides) increased their
prices and thus made them more expensive. The effect of this policy was not signifi-
cant on the net return of rice farming because of the relatively low contribution of
these inputs to the production cost, which was around 25%.

Table 6. Some indicators of the incentive policy in rice production.

Java Outer islands
Item
Majalengka Klaten  Kediri Agam Sidrap

Nominal protection coefficient

on output (NPCO)

Wet season 1999-2000 1.24 1.15 1.06 1.07 1.11

Dry season 2000 1.21 1.09 1.37 0.95 1.24
Nominal protection coefficient

on input (NPCI)

Wet season 1999-2000 1.13 1.08 1.12 1.32 1.10

Dry season 2000 1.07 1.11 0.93 1.31 1.15
Effective protection coefficient (EPC)

Wet season 1999-2000 1.27 1.17 1.05 1.03 1.11

Dry season 2000 1.25 1.09 1.52 0.90 1.25
Profitability coefficient (PC)

Wet season 1999-2000 7.73 2.94 1.27 1.09 2.75

Dry season 2000 -7.39 1.22 -1.65 0.58 5.62
Subsidy ratio to producer (SRP)

Wet season 1999-2000 0.20 0.12 0.02 0.01 0.09

Dry season 2000 0.18 0.06 0.37 -0.10 0.21
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In the current situation of output and input markets (tradable and domestic in-
puts), thefinancia profit of rice farming isgenerally higher than the economic profit,
indicated by the profitability coefficient (PC), which ismorethan 1, except in thedry
season in Sidrap. This situation occurred particularly because of the higher output
pricethan the parity price. In addition, farmersalso paid alower production cost than
opportunity cost of production. This was shown by the positive value of the subsidy
ratio to producer (SRP) from 0.01 to 0.07, except for the dry season in Sidrap.

Long-term competitiveness. Competitiveness was highly dependent on the price
in the domestic and world markets. In the wet season of 1999-2000, the farm-gate
price of rice was Rp 850 kg or $0.113 kgL. At the same time, the price parity of
imported rice was estimated at Rp 686 kg or $0.091 kg1, leading to a 24% price
divergence. In the dry season, the farm-gate price was higher in local currency at Rp
750, but was slightly lower when converted to US$ ($0.107) because of the rupiah
devaluation. Thus, the price divergence increased dightly from 24% in the wet sea-
son to 25% in the dry season. The price parity of imported rice during that same
period was estimated at Rp 754 kgt or $0.086 kg1.

Table 7 shows that rice farming was more competitive in the dry season than in
the wet season because of higher prices during the dry season. Total divergences of
rice production in the dry and wet seasons were 58% and 60%, respectively. This
means that current policy induced a net transfer to farmers of about 58% and 60% of
the return to management in rice farming, resulting from import tariff (58.4% and
60.8%), seed subsidy (0.6% and 0.9%), and credit imperfection (—1.2% and —1.4%).

Thequestionis, Canthelocal farmers compete with foreign farmersin producing
rice when al divergences resulting from government intervention are eliminated?
IRRI estimated that the long-term world price of rice (25% broken, f.o.b. Bangkok)

Table 7. Competitiveness of rice production in East Java for technical
irrigated land.

Iltem (Rp 000) (%)?
Wet season 1999-2000°
Return to management 1,738.2 100.0
Protection for rice cultivation 1,057.3 60.8
Seed subsidy 15.2 0.9
Credit imperfection -24.1 -1.4
Total divergences 1,048.4 60.3
Dry season 2000¢
Return to management 2,137.1 100.0
Protection for rice cultivation 1,248.1 58.4
Seed subsidy 16.7 0.6
Credit imperfection -24.6 -1.2
Total divergences 1,240.2 58.0

aPercentage of return to management. Private price of rice (farm level) = Rp 850 kg1;
world price (f.0.b. Bangkok) = US$170 t1; exchange rate = Rp 7,500 = US$1; social
price of rice (farm level) = Rp 686 kg1. “Private price of rice (farm level) = Rp 950 kg*;
world price (f.0.b. Bangkok) = US$150 t-1; exchange rate = Rp 8,800 = US$1; social
price of rice (farm level) = Rp 759 kg.
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would be about US$200 t2. In this case, the long-term social advantage was esti-
mated at around $54 to $227.4 (1.2-1.8 million rupiahs) and $166 to $232 (1.3-1.9
million rupiahs) for the wet and dry season, respectively, for various irrigation sta-
tuses (Table 8). The share of social profit in social revenue would be about 29-33%
for the wet season and 29-31% for the dry season. This means that farmers’ profit
from rice production was about one-third of total revenue, without any government
support. It can be concluded that rice farming in Indonesiais very competitive.

Role of rice farming in household income

Until recently, the government’s policy on the rice industry had as the top priority to
increase agricultural household income and to support economic growth in rural ar-
eas. The question is, How important is rice farming in rural household income which
makes the government put so much emphasis on further improvement of the industry?

A study conducted by the World Bank and CASER in 1999-2000 revealed some
information on the current situation. The study was carried out in 35 villages. It cov-
ered 589 households in Java that came from 13 villages and 971 households in the
outer islands from 22 villages. Household samples were drawn based on the village
census in accordance with agroecosystem status. Income structure by village cat-
egory is presented in Table 9.

Average household incomein 1995 in rice equivalence was about 2.18 t per year
in the wetland villages of Outer Java and 2.4 t per year in those from Java. This
increased, respectively, to 3.8t and 4.1t per year in 1999. The contribution of agricul-
tural income to total income was dominant compared with that of nonagricultural
income in the wetland villages of Outer Java and this increased from 63% to 64%

Table 8. Long-term social profit and breakeven point of the rice price in East Java
for various irrigation statuses.

Long-term Breakeven point
Irrigation status social profit? of world price®? Actual
farm-gate
Farm-gate price
(Rp 000) (%) (US$t1) price (Rp kgt)

(Rp kg™)
Wet season 1999-2000
Technical irrigated 1,819 33 133 579 850
Semitechnical irrigated 1,729 32 134 584 850
Simple irrigated 1,694 33 132 575 850
Rainfed 1,230 29 140 610 850
Dry season 2000
Technical irrigated 1,856 31 135 621 950
Semitechnical irrigated 1,708 30 138 632 950
Simple irrigated 1,700 31 136 622 950
Rainfed 1,326 29 139 639 950

alf world price = US$200 t* (f.0.b. Bangkok), exchange rate = Rp 8,000 = US$1, social and
private prices at farm level = Rp 861 kg for wet season 1999-2000 and Rp 905 kg for dry
season 2000. “If long-term social profit = 0, exchange rate = Rp 8,000 = US$1 and total
divergences = 0. °Percentage of social return.
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Table 9. Income structure of rural households by agroecosystem in Java and off-Java, 1995 and
1999.

Java Outer islands

Item
1995 1999 1995 1999

Wetland villages
Household income in rice equivalent (kg year?) 2,439.4 4,085.0 2,184.2 3,805.0

Agriculture share (%) 43.0 50.8 62.5 63.6
Rice farming 8.1 13.6 28.1 21.2
Nonrice farming 24.0 31.9 28.5 34.4
Agricultural labor 10.9 5.2 5.9 7.0

Nonagriculture share (%) 57.0 49.2 37.5 36.4

Dryland villages excluding estate crops
Household income in rice equivalent (kg year?) 3,835.4 4,306.0 2,858.7 4,697.0

Agriculture share (%) 84.5 73.5 76.3 66.9
Rice farming 0.1 0.1 9.4 7.8
Nonrice farming 75.5 68.4 59.9 51.6
Agricultural labor 8.9 5.0 6.9 7.5

Nonagriculture share (%) 15.5 26.5 23.7 33.1

Dryland villages including estate crops

Household income in rice equivalent (kg year) na? na 2,506.8 4,958.0

Agriculture share (%) na na 52.2 56.0
Rice farming na na 5.3 5.0
Nonrice farming na na 40.1 46.4
Agricultural labor na na 6.7 4.7

Nonagriculture share (%) na na 47.8 44.0

Coastal villages

Household income in rice equivalent (kg year?) 3,156.6 4,148.0 na na

Agriculture share (%) 52.4 49.9 na na
Rice farming 0.2 0.3 na na
Nonrice farming 39.0 39.6 na na
Agricultural labor 13.1 9.9 na na

Nonagriculture share (%) 47.6 50.1 na na

ana = data not available.
Source: modified from Adnyana et al (2000).

from 1995 to 1999. In Java, the share of agriculture to total income was smaller than
that of the nonagricultural sector in 1995 but it grew much faster to surpassitin 1999.
Average household incomein rice equivalencein thedryland villagesaswell asinthe
coastal areas was much higher than in the wetland villages for both periods. Simi-
larly, the relative contribution of agricultural income to total income was al so bigger
than that of nonagricultural income. For the whole agroecosystem, the contribution
of agricultural incometo total incomein Javadecreased from 61.1%in 1995 to 58.1%
in 1999, whereas, in the islands outside Java, the contribution decreased from 64.0%
to 61.8% (Adnyana et a 2000). However, there was no clear pattern when the analy-
sis was broken down in accordance with agroecosystem status. The contribution of
agricultural incomein 1995 and 1999 decreased for dryland villages excluding estate
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crops and coastal villages, but increased for dryland villages including estate crops
and wetland villages, in Javaas well as in the outer islands (Table 9).

Household incomein wetland villages was the lowest compared with that of other
villages, in both Javaand in Outer Javafor the same years. In wetland villages, riceis
the main commodity usually grown by farmers. Thus, rice-based households actually
werethe poorest community group compared with other groupsin rural areas. Around
80% of agricultural householdsin rural areascultivaterice (Agricultural Census, 1993).

In wetland villages, where rice is the main commaodity, the contribution of rice
farming was relatively small: 13.6% in Java and 21.2% in Outer Java in 1999. The
relatively small contribution of ricefarming isbasically because the analyzed income
structure was constructed for the rural community level, not for the household level.

A study conducted by CASER (2000) showed that the contribution of rice farm-
ing to total income became higher when the analysis was executed at the household
level. The contribution of rice farming to total household income in Javawas around
19.3-34.9% for landowner farmers and 29.1-55.3% for landless farmers, wheress, in
the outer islands, the contributions were 24.1-39.9% and 36.7-59.7%, respectively,
for the same farmer categories.

Consumption and demand for rice

In line with a decreasing share of rice in household expenditure, per capitarice con-
sumption in the last two decades showed a decreasing trend. This trend occurred in
both urban and rural areas. The magnitude of the negative trend in urban areas was
higher than in rural areas. This difference might be attributed to the higher per capita
income in urban areas than in rural areas.

Similar to that of urban versusrural areas, the declinein per capitarice consump-
tion in Java was more significant than that of outside Java. In Java, per capitarice
consumption was decreasing at —2.30% and —1.36% in urban and rural areas, respec-
tively. On the other hand, for off-Java, per capita rice consumption declined at
—1.76% and —1.19% in urban and rural areas, respectively. On average, per capitarice
consumption in Java decreased from 128.3 kg in 1981 to about 92.4 kg in 1999, or at
—1.81% per year. For off-Java, it declined from 138.8 kg in 1981 to about 106.4 kg in
1999, or at —1.47% per year.

In absolute terms, the quantity of per capita rice consumption in urban areas was
lower thanin rurdl areas, in both Javaand off-Java. For example, in 1981, per capitarice
consumption in urban Java was 126.3 kg, whereas in rural Java it was 130.3 kg. In
1999, per capitarice consumption in urban Java was 83.1 kg, whereas in rura Java it
was 101.9 kg. Another interesting figure is that per capita rice consumption was lower
in Java than outside Java. These two figures indicate that the role of rice as a single
staple food in urban areas is diminishing, especialy in Java. Food consumption by
people in urban areas and in Java is more diversified than for their counterparts in
rural and off-Java, who are highly dependent on rice. It is common that the peoplein
urban areas sometimes consume bread for breakfast, and noodles for lunch, espe-
cialy in Java. This change in food habits reduces the consumption of rice over time.
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Table 10 presents more details on per capitarice consumption in rural and urban
areas, aswell asin Javaand off-Java

As happened in urban and rural areas, per capita rice consumption by income
group aso showed a negative trend. This phenomenon was observed in al income
groups. For thelow-income group, average per capitarice consumption declined from
134.8 kg in 1981 to about 97.7 in 1999, or at —1.77% per year. The decline in per
capita rice consumption was more significant in Java (—1.89% year 1) than outside
Java (-1.67% year1).

The decline in per capita rice consumption was aso happening for the medium
income group. In 1981, per capita rice consumption was about 133.0 kg, and then
declined to about 103.0 kg in 1999, or at —1.41% per year on average. Per capita
consumption growth in Java was —1.77%, while in off-Java it was —1.09% per year.

Similar to what occurred for low- and medium-income groups, per capita rice
consumption for the high-income group, for the last two decades, was also decreas-
ing. In 1981, it was 131.8 kg, whereasin 1999 it was 99.2 kg on average, or it grew at
—1.57% per annum. The most significant decline was in Java, where it decreased
from 126.2 kg in 1981 to about 88.9 kg in 1999, or at —1.93% per year, whereasin off-
Javait decreased at —1.25% per annum.

There was no consistent pattern in quantity of rice consumption among income
groups. In 1981 and 1996, lower income groups consumed more rice than higher
incomegroups. Thisislogica and reasonable. Theoretically, the higher income group
is concerned more about quality instead of quantity of rice. In addition, the higher
income group has a higher purchasing power to buy morediversified food (other than
rice), such as vegetables, fruits, meat, and dairy products, which are definitely more
expensive.

In contrast, in 1993 and 1999, the average rice consumption for the high-income
group was higher than that of the low-income group. In Java, the high-income group
consistently consumed lessrice than did the low-income group. The higher rice con-
sumption for the high-income group also occurred outside Java. This might be dueto
the lower income of the people outside Java compared with those in Java. For the
lower income group, it is common that, the higher the income, the morericeis con-

Table 10. Per capita rice consumption in urban and rural areas, 1981-99 (in kg).

Urban Rural Av

Year

Java Off-Java Java Off-Java Java Off-Java
1981 126.3 136.5 130.3 141.0 128.3 138.8
1984 110.7 125.9 114.2 136.5 112.5 131.2
1990 107.2 122.0 110.4 142.4 108.8 127.2
1993 103.0 115.2 112.6 129.5 107.8 122.4
1996 96.6 111.8 108.1 123.4 102.4 117.6
1999 83.1 99.1 101.9 113.7 92.4 106.4
Growth -2.30 -1.76 -1.36 -1.19 -1.81 -1.47

Source: SUSENAS, various years.
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sumed. In rural areas, especially for the low-income group outside Java, rice has a
high status as a staple food compared with maize, cassava, or sago. Therefore, as
incomeincreases, for this group rice consumption also increases. Thisimpliesthat, to
reduce the degree of dependence on rice, there are generally two ways. First, create
more job opportunities to increase per capita income from the low level to the me-
dium and high levels. Second, limit population growth so that growth in total rice
consumption can be controlled.

Table 11 presents more details on per capita rice consumption by income group.

In aggregate, per capitarice consumption decreased from an average of 133kgin
1981 to about 98 kg in 1999, or at —1.68% per year. During the same period, popul a-
tion growth was 1.92% per year. Therefore, total household consumption increased
from 19.89 milliont in 1981 to about 20.64 milliont in 1999, or at 0.21% per annum.

Based on the food balance sheet data set, total use of rice during 1981-99 was
much higher than total household consumption, as presented in Table 12. The total
rice use increased from 20.04 million t in 1981 to about 31.57 million t in 1999, at

Table 11. Per capita rice consumption by income group, 1981-99 (in kg).

Growth

Income group 1981 1993 1996 1999 (%)
Low

Java 129.1 112.2 107.4 91.6 -1.89

Off-Java 140.4 124.3 122.0 103.7 -1.67

Av 134.8 118.3 114.7 97.7 -1.77
Medium

Java 129.0 110.5 101.0 93.5 -1.87

Off-Java 137.0 125.4 119.1 112.4 -1.09

Av 133.0 118.0 110.1 103.0 -1.41
High

Java 126.2 111.9 93.9 88.9 -1.93

Off-Java 137.3 133.9 114.1 109.5 -1.25

Av 131.8 122.9 104.0 99.2 -1.57
Source: SUSENAS, various years.
Table 12. Household rice consumption and total use, 1981-99.

Per capita household Total Total household Total use
Year consumption population consumption (000 t)
(kg year™) (000) (000 t)

1981 133 149,520 19,886 20,045
1984 120 158,531 19,024 22,567
1990 116 179,829 20,860 26,948
1993 114 189,136 21,562 26,320
1996 108 201,353 21,746 31,572
1999 98 210,591 20,638 -
Growth (%) -1.68 1.92 0.21 3.07

Sources: SUSENAS, 1981-99, computed; Food Balance Sheet, 1978-99.
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3.07% per year. Thisindicatesthat the use of rice for other purposes (i.e., food indus-
try, consumers for home stock, etc.) was increasing substantially. This might be one
factor causing substantial imports of rice every year.

Possibility of increasing the rice supply

Arable land for rice

Because of the decreasing growth of yield, the expansion of harvested area has be-
come an important factor for the increase in rice production in recent years. Thein-
crease in harvested area may happen because of the increase in arable land or the
construction of irrigation networks, which enable the increase in cropping intensity.
Increasing arable land could only be done on islands other than Java, whereas, in
Java, the rice bow! of Indonesia, this cannot occur because of the limited land re-
source. In general, arable land in Javais more fertile than on other islands.

Total arable land in 1980 was roughly 9.4 million ha, with an allocation of 72%
for wetland and 28% for dryland. During 1980-89, total arable land in the outer is-
lands increased on average by 4.56%, whereas in Java it decreased at —0.13% per
year. Thesignificant increasein arableland on outer islands was due to the opening of
forest area, which was stimulated by the transmigration program. Generally, thisland
had low fertility and its impact on harvested area was relatively low at 1.96% per
year. Since most of the land was not suitable for rice farming, cropping intensity
decreased by —2.6% per year in 1980-89 (Table 13).

The opposite occurred in Java, where harvested area and cropping intensity in-
creased even though arable land decreased. This shows that the growth in harvested
area in Java was particularly due to the construction of irrigation networks. In this
area, new land openings could hardly be conducted because of the limited land re-

Table 13. Long-term growth in harvested area, arable land, and cropping intensity
in Indonesia. Estimated by fitting semilogarithmic trend lines with the time-series

data.
Period Average growth (% year)
Harvest area Arable land Cropping intensity
1980-89
Java 1.33 -0.13 1.45
Outer islands 1.96 4.56 -2.60
Total 1.63 2.35 -0.72
1990-98
Java 0.54 -0.76 1.29
Outer islands 2.18 1.05 1.13
Total 1.36 0.33 1.03
1980-98
Java 0.76 -0.30 1.06
Outer islands 2.11 2.54 -0.43
Total 1.42 1.28 0.14
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source and high population growth. Therefore, economic growth that led to demand
for land for the nonagricultural sector has caused land conversion, which made arable
land decrease in Java. In the last decade, land conversion increased, resulting in a
greater reduction in arable land, which was estimated at about —0.76% per year. The
conversion of agricultural land occurred particularly during REPELITA 1V (1984-89)
at 47,500 ha per year.

Irrigation

The construction of irrigation infrastructure has been the major government strategy
to increase rice production and reduce the fluctuation in rice production between the
dry and wet seasons. Total wetland in 1980 was 7.20 million ha, consisting of 57%
irrigated land and 42% nonirrigated land. During the last two decades, irrigated land
increased from 4.14 million hain 1980 to 4.78 million hain 1998. Average growth of
irrigated land in 1980-98 was 1.01% per year. Growth increased slightly from 0.74%
per year in 1980-89 to 1.09% per year in 1990-98 (Table 14).

Most of theirrigated land is located in Java. Thisis because irrigation construc-
tion during 1970-80 focused on Java for three reasons: (1) land in Java was more
fertile than on other islands, (2) the supporting infrastructure was more available in
Java, and (3) the investment cost for irrigation in Java was cheaper than on other
islands. Therefore, it was reasonabl e that the proportion of irrigated land in Java (70%)
was higher than on the islands outside Java (40%). As a result, around 62% of the

Table 14. Growth of irrigated land in Indonesia.

Item Java Other islands Indonesia

Area (million ha)
Irrigated land

1980 2.52 1.62 4.14
1985 2.48 1.67 4.15
1990 2.53 1.91 4.45
1995 2.56 2.13 4.69
1998 2.54 2.25 4.78
Nonirrigated land
1980 0.97 2.09 3.06
1985 0.97 2.37 3.34
1990 0.88 2.88 3.77
1995 0.80 3.00 3.80
1998 0.78 2.94 3.72

Growth (% year?)
Irrigated land

1980-89 0.52 1.06 0.74

1990-98 -0.01 2.46 1.09

1980-98 0.15 2.17 1.01
Nonirrigated land

1980-89 -0.65 4.72 3.26

1990-98 -1.82 0.09 -0.33

1980-98 -1.52 1.91 1.05

Source: Ministry of Public Works.
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wetland in Java could be cultivated with rice two times per year, whereas on other
islands the percentage was around 31% (Irawan 1998).

The REPELITA V (1989-94) irrigation construction in Java became more diffi-
cult because of natural resource constraints. This situation motivated the government
to move new irrigation construction to outside Java. The policy changeled to ahigher
investment cost for constructing a new irrigation system. If in 1979-84 the required
investment for constructing anew irrigation system had been around 0.8 million rupi-
ahs per hectare at constant 1975-76 prices, in 1989-94 the required investment in-
creased to 1.35 million rupiahs per hectare (Rosegrant and Pasandaran 1990).

The increase in irrigation investment cost, coupled with large losses in govern-
ment revenues because of declining oil prices, motivated the government to reorient
itsirrigation development program. In 1979-84, around 23% of the areaincluded in
the irrigation development program had been new construction area, but in 1989-93
the proportion decreased to 17%. During the last-mentioned period, around 48% of
theareaincluded in the irrigation development program was rehabilitation area, or, in
other words, government policy in irrigation development focused more on rehabili-
tation activity rather than on the construction of anew irrigation system. The change
in policy caused theirrigated land in Java during the last decade to decrease because
of the higher rate of land conversion than the construction of new irrigated land. As
shown in Table 14, the decrease in agricultural land because of land conversion in
Javaoccurred particularly in nonirrigated land, with an increasing rate from —0.65%
in 1980-89 to —1.82% in 1990-98 (Table 14).

Technology

Technology development isthe major factor for increasing rice production efficiently
for particularly densely populated countries. Theincreasein yield per hectare related
to technology devel opment may come from the use of improved varieties or improved
farm management. The use of improved varieties enables an increase in production
capacity of each unit of cultivated land, whereas farm management improvement
could reduce the yield gap between potential and actual yield.

Both aspects of technology have been developed in Indonesia to increase rice
production. Theimprovement of farm management was conducted through the appli-
cation of the rice intensification program, such as BIMAS and INSUS, which cov-
ered “fiveefforts.” Theintensification program al so introduced seeds of high-yielding
varieties to farmers. These seeds are packed in BIMAS or INSUS credit packages.
Therefore, the rice intensification program was actually an effort to increase produc-
tion capacity and to reduce the yield gap between potential and actual yield at the
sametime.

During 1950-99, as many as 129 improved varieties of rice were introduced to
farmers, including 27 varieties developed by IRRI. Only afew of them had become
popular, with different types of variety according to the period. During the 1970s,
four popular types of improved varieties were adopted by farmers. PB-5, Pelital,
PB-26, and PB-36. In general, those varieties had alessfavorabl e taste, and they even
had a shorter cultivation period and higher yield than the traditional varieties. Those

116  Sudaryanto et al



high-yielding varieties were then replaced by |R64 in the mid-1980s because it had a
good taste while its cultivation period and potential yield were not significantly dif-
ferent from those of the previous popular high-yielding varieties. In 1990, around
90% of lowland rice areain Indonesiawas grown with modern rice varieties (Irawan
1998).

Table 15 shows the succession of the major improved varieties that were popular
with farmers. Table 15 reveals that improved varieties adopted by farmers were not
significantly different in potential yield, but they matured in ashorter time. Consider-
ing that most of therice areais cropped with modern varieties, afutureyield increase
can be obtained only by introducing new varieties that have a higher yield. Another
option is by improving farm management applied by farmers so that the obtained
yield can reach the maximum attainable yield (MAY), which, for tropical areas that
include Indonesia, isaround 7.2t hal for irrigated wetland (Hossain 1997 as cited by
Simatupang 2000).

Recently, some promising rice hybrids with high yield potential and moderately
resistant to brown planthopper and bacterial leaf blight have beenidentified (Budianto
2001). These hybrids should be intensively evaluated for their yield stability, adapt-
ability, and other important characters. Current hybrid rice technology is suitable for
irrigated lowlands and requires more labor, especially for seed production. This char-
acteristic is suitable to the situation in Indonesia, which has around 5 million ha of
irrigated lowland and relatively high labor scarcity. It is expected that a 10-20% in-
crease in yield potential will be obtained through the breeding program, which has
been devel oped recently.

Projection of rice supply and demand

Supply projection
The supply projection in this study focuses on the ability of domestic production to
meet the increasing domestic demand for rice because the sustainability of rice self-

Table 15. Succession of the major improved rice varieties adopted by farm-
ers in Indonesia.

Item Period

1972-74 197577 197887  1988-now

Variety PB-5 PB-26 PB-36 IR64

Year of release 1967 1971 1977 1986
1975

Average yield (t ha™) 5.5 5.5 4.5 5-8
5.0

Cultivation period (d) 145 135 115 115
125

Taste Less Good Less Good
Less

Source: modified from Simatupang (2000).
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sufficiency much depends on domestic production. The production projection is the
product of harvested area and the yield projection, while the harvested areaand yield
projections are estimated by using their elasticities with respect to the dominant ex-
planatory variables. The elasticities used in this projection are those estimated by
Altemeier (1991), as presented in Table 16.

By using the above estimated elasticities, CASER (2000) estimated the rice sup-
ply projection by using the following formulas:

Arearesponse: A=A (L+gp+Zgp)t (6.1
Yiddresponse: Y, =Y;q(1+&p+Z W w)! (6.2
Supply: Qs =AI XYy (6.3)

whereA, ;= areaplanted toricein periodt, A; _; = areaplanted toricein period t — 1,
A= areaplanted toricein period O (base year), €, = elasticity of areawith respect to
own price, p; = growth of real own price, &; = cross-price elasticity of area with
respect to price of other commodity j, p; = growth of other commodity’s real price
(commodity j), t=timeperiod (years),Y; = yield of ricein periodt, Y, =yield of rice
in period O (base year), §; = elasticity of yield with respect to own price, Y, = elastic-
ity of yield with respect to input prices (labor, urea, triple superphosphate), and wy =
growth of real input prices.

Data from the last 10 years (1988-98) were used in computing the growth of all
explanatory variables of equations 6.1 and 6.2, for both Java and off-Java. It was
assumed that the last ten years' growth will be more appropriate as a proxy for the
next ten years' growth of the variables. The projection of rice harvested areaand yield
was made for both Java and off-Java by using the 1996 areaand yield data as the base
year. The projected harvested area and yield of dryland and wetland rice in Java and

Table 16. Area and yield responses with respect to output and input prices.

Area response Yield response
Prices Wetland rice Dryland rice Wetland rice  Dryland rice
Java
Rice 0.120 0.145 0.212 0.274
Maize -0.083 0.000 - -
Cassava 0.000 -0.023 - -
Urea? - - -0.058 -0.078
TSP - - -0.027 0.000
Wage - - -0.126 -0.197
Off-Java
Rice 0.013 0.171 0.241 0.101
Maize -0.019 -0.04 - -
Cassava 0.000 -0.033 - -
Urea - - -0.044 -0.078
TSP - - -0.025 0.000
Wage - - -0.172 -0.022

aTSP = triple superphosphate. Source: Altemeier (1991).
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off-Java were used to compute the total rice production in Indonesia simply by mul-
tiplying their respective projected area and yield. Assuming a closed market, rice
supply is obtained by multiplying the net production by the paddy to milled rice con-
version factor, which is 0.62. On the other hand, net production is obtained by sub-
tracting the use of ricefor seed and lossesfrom total production, whichis 10% (Bulog
1992, 1994). By using this approach, the projected area, yield, and supply of ricein
Indonesia are as presented in Table 17.

Thetotal areaplanted toriceis projected to declinefrom 11.31 million hain 1998
to about 11.29 million hain 2010, or at a growth rate of —0.01% per annum (Table
17). This decline is mainly caused by a decline in wetland area from 9.98 million ha
in 1998 to 9.94 million hain 2010, or at a projected growth rate of —0.04% per year.
Although the area planted to rice in dryland is projected to increase by 0.19% per
year, the contribution of dryland rice area to the total rice area is relatively small
(about 12%). Actually, in Java, wherericeis mostly produced, the areaplanted to rice
is projected to decline by 0.02% per year in dryland and 0.09% per year in wetland.
Although the area planted to rice in off-Javais projected to grow at 0.26% per year in
dryland and 0.02% per year in wetland, its contribution is not sufficient to make the
total area planted to rice increase.

Unlike the areaprojection, riceyield is estimated to increase, in both dryland and
wetland, by 0.27% and 0.24% per year, respectively. As aresult, total production is
projected to increase from 50.19 million t in 1998 to about 51.54 milliont in 2010, or
at agrowth rate of 0.22% per annum (Table 17). Therefore, rice supply is projected to
increase from 28.01 milliont in 1998 to about 28.76 million t in 2010, or at agrowth
rate of 0.22% per annum. The next question iswhether or not this growing supply of
rice will be able to meet the increasing demand. To answer this question, the follow-
ing section examines the demand projection.

Table 17. The projected area, yield, and supply of rice in Indonesia, 1998-2010.

Area Yield

Total Rice
Year Dryland Wetland Total Dryland  Wetland production supply
(000 ha) (000 ha) (000 ha) (tha™) (that) (000 t paddy) (000 t)
1998 1,323 9,983 11,306 2.22 4.73 50,192 28,007
1999 1,326 9,980 11,306 2.23 4.74 50,302 28,069
2000 1,328 9,976 11,304 2.23 4.76 50,412 28,130
2001 1,331 9,973 11,304 2.24 4.77 50,524 28,192
2002 1,333 9,969 11,302 2.25 4.78 50,636 28,254
2003 1,335 9,966 11,301 2.25 4.79 50,747 28,317
2004 1,337 9,962 11,299 2.26 4.80 50,859 28,379
2005 1,340 9,959 11,299 2.27 4.81 50,972 28,442
2006 1,342 9,955 11,297 2.27 4.83 51,085 28,505
2007 1,345 9,952 11,297 2.28 4.84 51,197 28,568
2008 1,347 9,948 11,295 2.28 4.85 51,311 28,632
2009 1,350 9,945 11,295 2.29 4.86 51,425 28,695
2010 1,353 9,941 11,294 2.29 4.87 51,539 28,759

Growth 0.19 -0.04 -0.01 0.27 0.24 0.22 0.22

Source: CASER (2000).
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Projection of demand for rice

In a standard form, the demand for a commodity is determined by two factors: per
capitaconsumption and total population. Per capita consumption is determined by its
own price, other commodity prices, and per capitaincome. In a mathematical form,
per capita consumption and total demand can be formulated as follows:

C=f(P,PS, 1, Ci_9) (6.4)

D, = C, x Pop (6.5)
where C, = per capita consumption in period t, C, _; = per capita consumption in
periodt—1, P, = own price of acommaodity in period t, PS, = price of other commod-
ity in period t, I, = per capitaincome in period t, D, = total demand in period t, and
Pop; = total population in period t.

By applying the above standard form, Swastika et a (2000) estimated the param-
eters determining rice consumption using the national CBS data. Table 18 presents
the estimated price and income elasticities of demand obtained from their study.

Asshownin Table 18, therewas atendency for anincreasein per capitaincometo
reduce the per capita consumption of rice. It may be true that, as per capita income
increases, one will reduce the quantity of rice but tend to consume a better quality of
rice. In addition, the higher incomewill lead consumersto eat amore noncarbohydrate
diet, such asanimal protein and fruit. For projection purposes, we used the price and
income elasticities of Table 18.

The per capita consumption projection is computed by using price and income
elagticities, while the population projection is done by using population growth. The
projection of demand for rice is simply the product of per capita consumption and
population in each respective year. In a mathematical form, the projection of per
capita consumption and population can be formulated as equations 6.6 and 6.7,
respectively, while total demand for riceis represented by equation 6.8:

Per capitaconsumption: C,=Cy(1+np+y it ...... (6.6)
Population: Pop; =Pop o (1+n)t............... (6.7)
Total consumption: TC,=C X POP; .vevvvvvvvenvnnenn. (6.8)

where C, = per capitaconsumption of ricein period t, C,= per capita consumption of
ricein period O (base year), n = own price elasticity, p = growth of own price (inreal
terms), y = income elasticity, 1= growth of real income, Pop, = populationin periodt,
Pop, = population in period O (base year), r = population growth, and TC, = total
consumption or demand for rice in period t.

Table 18. Price and income elasticities of demand for rice in Indonesia.

Variables Elasticities
Change in
Shortterm Long-term elasticity
Own price -0.0132 -0.0257 -0.0012
Maize price 0.0762 0.1478 0.0072
Income -0.1479 -0.2870 -0.0139

Source: Swastika et al (2000).
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By using the above equations, the projected per capita rice consumption, popula
tion, and demand for rice are presented in Table 19. The per capita consumption of
riceis projected to decline from 156.0 kg per year in 1998 to about 155.2 kg per year
in 2010, or at agrowth rate of —0.04% per year. Thisdecline isthought to be mainly a
result of the negative response of per capita income to the quantity of rice being
consumed. On the other hand, the total population is still growing at an average rate
of 1.2% per year from 1998 to 2010. Therefore, the demand for rice during the same
period is projected to grow at 1.16% per year (Table 19). With this projected trend of
rice demand, Indonesia is expected to import around 3.2 million t of rice in 2000,
which increasesto 5.2 million t in 2005 and 6.3 million t in 2010.

Some other studies were made on the projection of supply and demand for ricein
Indonesia. The following section will discuss the results of six studiesthat have been
made since 1992: CASER (2000), Sudaryanto et al (1992, 1998), Simatupang €t a
(1995), Mulyana (1998), and Sanim et a (1999).

CASER (2000) was projecting rice production by using the el asticities devel oped
by Altemeier (1991). These elasticities were applied to the CBS data for 1996 as a
base year and to 1988-98 datafor the growth of all variables. The results of the supply
projection have been discussed in a previous section. Demand was projected to in-
creasefrom 30.10 million t in 1996 to 33.12 million t in 2000 and about 41.54 million
t in 2010. The deficit is projected to increase from 2.22 million t in 1996 to 4.99
million t in 2000 and about 12.78 million t in 2010.

Sudaryanto et a (1992) used the trend to estimate the projection of rice supply
and demand. The results of their projection showed that rice production is projected
toincrease from 48.59 million t of paddy in 1995 to about 52.68 million tin 2000 and
57.15 milliont in 2005. It is projected to grow at 1.64% per year. In terms of equiva

Table 19. Projected per capita consumption and total demand for rice in
Indonesia, 1998-2010.

Year Per capita Total population Total demand
consumption (kg) (000 persons) (000 kg)
1998 156.00 208,186 32,477
1999 155.89 211,842 33,024
2000 155.85 215,348 33,562
2001 155.80 218,697 34,073
2002 155.75 221,881 34,558
2003 155.70 224,881 35,014
2004 155.64 227,711 35,441
2005 155.58 230,338 35,836
2006 155.52 232,761 36,199
2007 155.45 234,989 36,529
2008 155.37 237,008 36,824
2009 155.30 238,789 37,084
2010 155.22 240,356 37,308
Growth -0.04 1.20 1.16

Source: Swastika et al (2000).
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lent milled rice, net productionis projected to increasefrom 27.11 milliontin 1995 to
29.40 million t in 2000 and 31.89 million t in 2005.

On the demand side, they projected that the demand for rice will increase from
30.19 million t in 1995 to about 32.67 million t in 2000 and 36.25 million t in 2005.
Therefore, the deficit will increase from 3.08 milliont in 1995 to about 3.28 million t
in 2000 and 4.36 million t in 2005.

Simatupang et al (1995) used elasticity parameters resulting from a multimarket
model for the supply response and the almost ideal demand system (AIDS) for the
demand function to estimate the projection of supply and demand for rice. They pro-
jected that net rice production (rice supply from domestic production) will be 26.98
million t in 1995, and then increase to 30.06 million t in 2000 and 38.52 million tin
2010. Thedemand for rice is projected to increase from about 29.00 million t in 1995
to 32.94 million t in 2000 and 42.12 million t in 2010. Therefore, the deficit is pro-
jected to be about 2.01 million t, 2.88 million t, and 3.60 million t, respectively, in
1995, 2000, and 2010.

The fourth study made by Sudaryanto et a (1998) used the trends to estimate
supply and demand for rice. The results of their study showed that the rice supply
from net domestic production is projected to substantially increase, from 31.16 mil-
liontin 1998 to about 33.62 million t in 2000 and 40.69 million t in 2005. During the
same period, the demand for riceis projected to increase from 34.15 million t in 1998
t0 35.03 milliont in 2000 and 36.34 million t in 2005. The surprising result from this
projectionisthat, starting in 2002, Indonesiawill be self-sufficient in rice, with even
an increasing surplus that can be exported, from 0.50 million t in 2002 to about 4.36
million t in 2005.

Mulyana (1998) used elasticities resulting from the Nerlove model for a supply
response and the utility function for demand. Theresults of his study showed that rice
production is projected to increase from 48.6 million t of paddy in 1999 to about
56.13 million t of paddy in 2005. In net terms, the rice supply is projected to increase
from 26.92 million t in 1998 to 27.83 million t in 2000 and 29.91 million t of milled
ricein 2005.

Sanim et a (1999) used the Nerlove model for the supply response of multi-
inputs and multi-outputs for food crops and the AIDS for the demand function. They
projected supply and demand for rice using elasticities resulting from the
abovementioned models. The results of their projection showed that rice production
isincreasing from 48.60 million t in 1999 to about 56.13 million t of paddy in 2005.
In net milled rice, it is projected to increase from 27.12 million t in 1999 to 31.32
million t in 2005, or it isgrowing at 2.43% per year. The demand for riceis projected
to increase from 30.90 million t in 1999 to about 34.80 million t in 2005.

The model as discussed above shows superiority in the following sense: (1) it
contains a structural supply and demand equation consistent with economic theory,
(2) it enables simulating alternative policy scenarios, (3) and it has been widely used
by rice policy analystsin Indonesia. However, in this paper, we also compareit to the
results of other studies. Almost al of the studies showed that Indonesia is continu-
ously becoming a net rice-importing country. This is indicated by the continuous
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projected deficit in rice toward 2010. By considering more moderate results, rice
imports are projected at around 1.5-2.0 t in the near future, which will increaseto 3—
5 milliontinthe mediumto long term. These resultsremind usthat effortsto increase
rice production have to be given a high priority. The question is how to do it. The
government of Indonesia has implemented many programs to increase rice produc-
tion in the past. A lot of investment was made in irrigation, land expansion, input
subsidy, and price support that is now very difficult to make because of along eco-
nomic crisis and the WTO agreements.

Alternatives that might still be reasonable to follow to minimize the rice deficit
are (1) limiting the conversion of irrigated and fertile land (especially in Java) into
nonagricultural purposes and (2) looking for and using the new sources of production
growth. Some sources of production growth can be used, that is, minimizing yield
losses, expanding area planted to rice (land expansion), increasing crop intensity and
the quality of intensification, and giving more priority to developing high-yielding
varieties through research in rice breeding.

In the short run, minimizing yield lossesis apromising action program, based on
CBSdata that yield losses from inappropriate harvesting and handling in 1995 were
about 20.5% (Dillon et a 1999). The highest losses occurred during harvesting (9.52%)
and threshing (4.78%). If we can reduce yield losses from 20.5% to 15%, thisrealy
would make a significant contribution to national production. An alternative technol-
ogy to minimizeyield lossesis the use of a sharp sickle and power thresher.

In the medium and long run, the use of potential land for both extensification and
improvement of intensification is a prospective action program. The Center for Soil
and Agroclimate Research has identified about 10.15 million ha of wetland suitable
for rice cultivation. About 7.10 million ha of this are located in nine provinces that
have no political problem. If 50% of that potential land can be used gradually within
10 years, its contribution to national rice production will be significant.

Conclusions

This review indicates that, even with the most optimistic projection, Indonesia will
remain arice-deficit country at least over the next 5 years (medium term). Most stud-
ies, however, indicate that Indonesia will face an ever-increasing rice deficit in a
longer-term perspective. Indonesia will remain the major rice-importing country in
the world. The main reason is that on the one hand rice demand continues to rise
while on the other hand the rice supply has been slowing down since the late 1980s.

Rice consumption continues to rise primarily because of population growth. The
population growth rate is till very high, 1.87% per year, which is much higher than
the declining rate of rice consumption per capita at —0.73% per year. This means that
direct rice consumption increases at more than 1% per year.

Meanwhile, the rice supply has been slowing down since the mid-1980s. The
main reasons for thisare (1) the owdown (declining in recent years) in productivity
growth, (2) the decreaseinricefield expansion, and (3) cropping intensity isreaching
its limits. The phenomenon of productivity slowing down is caused by the
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overintensification syndrome induced by the long practice of intensive rice farming.
The decrease in rice field expansion is due to the increasingly limited government
investment in new irrigation construction and land devel opment. The exhaustion of
cropping intensity is also related to the limited expansion in irrigated rice fields.

Clearly, adrastic changein policy regime also contributes to the slowing down of
rice production. During the late 1960s to mid-1980s, there had been massive policy
supports for rice production. Now, however, there is little government support for
promoting rice production. The only policy still in place and yet not effective is the
paddy floor price.

Rice farming in Indonesiaiis quite competitive. But, the land size of rice farming
istoo small and hence is not sufficient as the major source of income for most farm
households. For household income, the problem islimited landholdings. For national
rice production, the problem is limited production capacity because of limited arable
land for rice-farming expansion and rice-farming technology reaching its limits.

The widening rice demand-supply gap is a problem of great concern to the gov-
ernment. Formulating a new comprehensive long-term program to revitalize the na-
tional riceindustry is needed to deal with such acomplex problem. Under the present
policy environment, the most important programs are perhaps investment in land
development, irrigation systems, and innovation systems (research and devel opment
in particular).
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Determinants of rice supply
and demand in Bangladesh:
recent trends and projections

S. Zohir, Q. Shahabuddin, and M. Hossain

*

Growth in Bangladesh agriculture has largely centered on the adoption of
modern rice varieties through investments in irrigation infrastructure, research,
and extension services, and by subsidizing fertilizer prices. This study aims
to provide an overview of recent developments in the rice sector of the economy
and to develop a perspective of the rice supply and demand balance for
Bangladesh in the early 21st century. It gives an overview of food and agricul-
tural policies in Bangladesh, including an assessment of some recent mac-
roeconomic and sectoral policy changes in terms of their implications for
production incentives. Sources of growth in rice production and productivity
are also analyzed. The projection exercise is based on two independent analy-
ses of rice supply and demand. The supply parameters for the projection are
estimated from modeling of the dynamic supply response of rice and substi-
tute crop enterprises. A multistage budgeting demand system is developed
and estimated to estimate the demand parameters. Based on these esti-
mates and introducing the concept of no-trade regime, a perspective of the
demand-supply balance for 2000-20 is presented in this paper.

Bangladesh, with a population of 129 million in 2001 within aland area of 144,000
km?2, is one of the most densely settled countries in the world. The cultivated land,
which reached 9.1 million hain the late 1960s, started declining in the 1970s under
pressure from urbani zation, housing needs, and infrastructure devel opment. The agri-
cultural census of 1996 reported total cultivated land at only 8.07 million ha. Theland
was cultivated on 11.8 million farms, with an average size of 0.68 ha (BBS 1999,
2000).

*This updated synthesis paper is based on the IRRI/IFPRI project report on Projections and Policy Implications
of Medium- and Long-Term Rice Supply and Demand: Country Report for Bangladesh. The report was prepared
by S. Zohir and Q. Shahabuddin and the synthesis and updating were done by M. Hossain.
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Rice, the dominant staplefood, accountsfor 70% of the cal orieintake and 43% of
household expenditures (HES 1995-98). It is therefore no wonder that three-fourths
of the country’stotal cropped areais devoted to rice production, with rice accounting
for 60% of the gross value of crop produced. Yet, with the exception of 1993-94 and
2000-01, domestic production has never been adequate to meet the country’s total
demand for rice. The primary policy concern for the agricultural sector has so far
been to increase rice production in pursuit of national food security.

Growth in Bangladesh agriculture haslargely centered on the adoption of modern
rice varietiesthrough investmentsin irrigation infrastructure, research, and extension
services, and by subsidizing fertilizer prices. Theland frontier haslong been exhausted
and cropping intensity (175%) is approaching its limit. The cost of further develop-
ment of irrigation infrastructure is likely to rise sharply and the relative price of rice
compared with that of alternative crops for which farmers could allocate their land
may not sustain incentives for afurther expansion of rice area. Rice, however, contin-
ues to be the main source of livelihood in rural areas. At the same time, the govern-
ment is concerned about ensuring the availability of cheap ricetoimprovethelivelihood
of the vast majority of the urban poor and rural landless and to maintain the compara-
tive advantage in rice production to sustain self-sufficiency. All these reasons provide
the rationale for looking at the prospects of the Bangladesh rice economy in the fu-
ture, based on the evolution and effect of agricultural policies and recent develop-
ment trends.

This study aimsto provide an overview of recent developments in the rice sector
of the economy and to develop a perspective of the rice supply and demand balance
for Bangladesh in the early 21st century. Since policies on pricing, irrigation, water
resource devel opment, research, and extension will critically affect both the supply of
and demand for rice, an important focus of the study is the evaluation of these poli-
cies. Other specific areas covered by the study are the sources of productivity growth
and an estimation of the determinants of rice supply and demand trends.

The second section gives an overview of food and agricultural policies in
Bangladesh, including an assessment of some recent macroeconomic and sectoral
policy changes in terms of their implications for production incentives. Sources of
growthinrice production and productivity are analyzed in thethird section. Thefourth
section estimates the parameters governing the supply of rice based on amodeling of
the dynamic supply response of rice and substitute crop enterprises. This section also
analyzes consumer expenditure patterns and estimates the parameters governing the
demand for rice using a“multistage budgeting demand system.” A perspective of the
demand-supply balance for 2000-20 is presented in the fifth section based on the
analysisin the previous section.

Review of food and agricultural policies

For decades, Bangladesh has strived to attain self-sufficiency in rice production. Since
there is little scope for extensive farming, most of the increased production is ex-
pected to come from the application of modern agricultural inputs and intensive cul-
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tivation methods. While one might intervene in both the output and input market to
stimulate growth, policiesin the past apparently associated mutually exclusive objec-
tiveswith two kinds of interventions (Zohir 1994, Hossain 1996): (1) interventionsin
the output market through government procurement and distribution primarily aimed
at stabilization of prices, and ensuring equity in the distribution of agricultural in-
come, and (2) interventions in the input market aimed at stimulating growth in rice
production.

Policies affecting the output market

Thericemarket in Bangladeshis perceived to be spatially integrated (Ravallion 1986,
Chowdhury 1992, Mahmud et al 1994, Baulch et a 1998). Concerns have been raised,
however, about the lack of temporal integration—both seasonal and annual (Ahmed
and Bernard 1989). Annual integration was to be achieved through the stock policy
supported by imports and domestic procurement. Two policy instruments used to
maintain seasonal price spreads within acceptable limits include the domestic rice
and wheat procurement program to maintain floor pricesto farmers and open market
sales (OMS) to moderate prices for consumers when there is exceptional upward
pressure on prices. The government procured up to a maximum of 3.5% of domestic
production and, during the peak of the operation in thelate 1980s, distributed through
government outlets nearly 10% of the domestic demand for food grains. The distribu-
tion of rice and wheat under public-sector marketing channels decreased from 2.9
milliontin 1988-89 to 1.8 million t in 1999-2000.

The government’s procurement program is believed to have been ineffective in
maintaining floor prices and thereby ensuring incentive prices for producers. It was,
however, relatively successful in containing sudden increase in prices, thereby benefit-
ing rice consumers. From 1977-78 to 2000-01, growers prices were below procure-
ment pricestwo-thirdsof thetime. While seasonal variationsin food-grain pricesdeclined
in the 1980s compared with the previous two decades (Ahmed and Bernard 1989), they
increased again during the 1990s (Hossain et a 2001).

The government retained a monopoly over food-grain imports until August 1992,
when private traders were alowed to import rice, initially without import duties. How-
ever, variable import duties were reimposed in 1994, but the tariff rates did not exceed
15% from 1994 to 2000. After the disastrousfloodsin 1998, the private sector imported
asubstantial amount of rice from Indiafairly quickly, which helped avert afood crisis.

The impact of government intervention in the output market is typically mea-
sured by nominal protection rates (NPR) defined as the percentage by which the do-
mestic price (of, say, rice) deviates from the world (border) price, converted at the
official exchangerate. The estimates of the coefficientsby several researchers (Rahman
1994, Shilpi 1998, Shahabuddin 2000) show that the domestic price of rice remained
within the export and import parity price band, except for 1996-97, when it fell below
the export parity price. Since Bangladesh has been amarginal importer of rice (except
for 1993-94 and 2000-01), at the import parity price domestic producers faced nega-
tive incentives. For most years, the domestic price followed more closely the export
parity price.
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Fertilizer markets and prices

Fertilizer, irrigation, and improved crop varieties are three important inputs, whose
procurement and distribution had once been under the sole control of the Bangladesh
Agricultural Development Corporation (BADC), a semigovernment organization.
Policy changes since the early 1980s aimed at reducing government interventions as
well as subsidies have completely transformed the markets for these inputs (Hossain
1996). Changes in privatizing the marketing system of fertilizer began in 1979 and
were pursued vigorously in the early 1980s. Beginning in July 1987, private dealers
were allowed to procure fertilizer in bulk at a higher discount rate from factories as
well as from the four large BADC supply centers known as transport discount points
(TDP). By 1992, BADC withdrew from wholesale trade, allowing the private sector
to procure, import (except urea), and distribute fertilizersin domestic markets. Subsi-
dies on phosphate and potash were also eliminated in 1992. The price of ureawasalso
adjusted upward to eliminate subsidy at the export parity price. However, fertilizer
subsidies were reintroduced in 1996 following an acute fertilizer crisisin the domes-
tic market during the 1995 boro season. In recent years, the government has been
importing some urea as domestic production could not cope with the rising demand.
The government virtually overtook the whol esal e distribution from the private sector
and started operating a buffer stock. Shahabuddin and Dorash (2001) estimated that
in 1999-2000 the fertilizer subsidy was about 39% for urea but a negative 23% for
triple superphosphate.

Policy changes involving mechanized irrigation

Private-sector participation in the market for irrigation equipment also began during
thelate 1970s. The private importation and sal e of minor irrigation equipment, mostly
shallow tubewells, were allowed in 1978-79. However, such imports were subject to
the“ standardization” requirement (Abdullah 1994) and agroundwater ordinance was
introduced to control the placement of shallow aswell asdeep tubewells. Since 1988,
the government has withdrawn al restrictions on the importation of irrigation equip-
ment by the private sector, eliminated import duties on agricultural machinery, and
removed restrictions on standardization and placement. Along with these policy
changes, subsidies for minor irrigation have been eliminated. More importantly, irri-
gation management has gone through a gradual metamorphosis: from public owner-
ship with bureaucratic management to public ownership with cooperative management
and, finally, to private ownership with private management. However, the govern-
ment retains control on the management of deep tubewells, which it found difficult to
transfer to the private sector. Some subsidy for irrigation is provided through the
provision of electricity and diesel, as power for irrigation hasbecomeamajor inputin
dry-season rice cultivation.

It is now widely recognized that the adoption of modern varieties of rice, and
therefore growth in the crop sector, has been largely dictated by the rapid expansion
of areaunder irrigation in Bangladesh. The recent policies of removal of restrictions
on standardization and placement of tubewells had a positive effect on private-sector
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investment in minor equipment for the expansion of groundwater irrigation in the
country. From 1987-88 to 1995-96, the number of shallow tubewells (and private
force-mode tubewells) fielded increased from 183,000 to 624,000. This spectacular
growth spurt was undoubtedly caused by the increased availability of cheaper Chi-
nese and Korean engines as aresult of destandardization and the reduction in import
duties. Not only did such policy changes make available to farmers cheaper (even if
less durable) brands of engines, but the resulting competition as well as the elimina-
tion of duties caused a fall in the prices of standardized brands (Abdullah and
Shahabuddin 1993). A vibrant water market has developed under which the owners
of shallow tubewells (mostly large and medium farmers) sell water to farmers operat-
ing land within the command area of the tubewell.

The seed market in Bangladesh has adual structurein which major crops such as
rice, wheat, jute, potato, and sugarcane are classified as notified crops. For these
crops, variety development, evaluation, maintenance, multiplication, quality control,
and distribution are done by different public agencies. The private sector’srolein the
seed business has been restricted to the distribution of nonnotified crops, mainly brand-
name hybrid vegetable seeds. In 1999, the government allowed the private sector to
import seeds of hybrid rice under the condition that it should produce the seed in the
country within the next three years. Recently, some nongovernment organizations
(NGOs) have signed an agreement with the Bangladesh Rice Research Ingtitute (BRRI)
to obtain breeder seeds so that they can produce the foundation and certified seeds of
rice for distribution among their members. As aresult, the marketing of the seeds of
the recently released high-yielding rice varieties hasincreased substantially (Hossain
et a 2001).

Public investment in agriculture

In spite of the high importance of agriculture in the Bangladesh economy,
underinvestment in the sector appears to persist. The share of agriculture in total
development expenditure declined steadily from about 40% in 1980-81 to about 20%
in 1986-87. The share increased, however, toward the end of the 1980s before declin-
ing again during the early '90s. While such fluctuations in shares may largely be
attributed to changesin policy toward fertilizer subsidy, declinesin real public expen-
diture aswell asin shares of total development expenditure are noteworthy (Agricul-
ture Commission 1999).

Research and extension

Agricultural research in Bangladesh seriously started only after the establishment of
the BRRI during the 1970s. However, the allocation of funds to agricultural research
rarely exceeded 0.3% of crop-sector gross domestic product. In spite of the very high
rate of return from rice research (Dey and Evenson 1992, Hossain 1998), rice's share
intota crop-sector research declined from more than one-third during the early 1970s
to 18% during the late ' 90s. The allocation of funds for rice research from the govern-
ment budget accountsfor only 0.08% of the val ue added from rice production (Table 1).

Determinants of rice supply and demand in Bangladesh: ... 131



Table 1. Public-sector investment in agricultural research, 1996-97.

. Investment Investment as %
Agricultural subsectors (US$ million) of income from the sector
Crops 16.41 0.28

Rice 3.02 0.08
Jute 1.47 0.99
Sugarcane 0.90 0.96
Others 11.02 0.64
Fisheries 1.83 0.11
Livestock 0.65 0.05
Forestry 1.06 0.10
Total agriculture 19.95 0.20

Source: GOB (1999).

Extension work in Bangladesh has gone through various phases in both coverage
and focus. During the 1970s, specializations were made in establishing individual
crop-based extension organizations for almost all major crops. Along with growing
emphasis on integrated rural development, extension organizations proliferated in
different sectors of rural development activities and created complex problems of
cooperation and coordination. With the introduction of modern inputs, the input and
credit functions of extension agents became prominent. The basic working approach,
however, remained unchanged until the introduction of the training and visit (T & V)
system of extension. This system comprised the formulation of location-specific im-
pact points; dissemination of information through contact farmers and group training
of local-level extension agents, subject matter specialists, and officers; and monitor-
ing of field extension activities. Recognizing that the T & V system was not function-
ing satisfactorily, a decentralized group-based extension system with elements
comprising the identification of farmer needs and a package of technological options
for different groups of farmers, keeping in view their complex livelihood systems,
was introduced in 1996 in the newly approved agricultural extension policy.

The Department of Agricultural Extension had atotal staff strength of 20,566 in
1999-2000, consisting of 1,717 supervisory and directing officials, 15,955 field-level
extension workers dealing directly with farmers at the village level, and 2,894 sup-
port staff. There was one field-level staff member for every 820 farmers. The depart-
ment spent US$14.42 million in 1999-2000, of which $8.57 million were spent to
implement specia projects supported by foreign donors. Several NGOs with better
connections with the small and marginal farmers are also engaged in disseminating
improved varieties and crop management practices. Although notable progress has
been madein recent yearsin reaching farmerswith improved varieties and crop man-
agement practices, the linkage between research and extension remains weak, and
rice yields could be increased further through better dissemination of knowledge-
intensive technologies.
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Sources of growth in rice production and productivity

The development of the rice economy

Agriculture now contributes nearly 26% to GDP and produces employment for nearly
55% of the labor force. The crop subsector overwhelmingly dominates agriculture,
contributing 59% to the agricultural value added in 1999-2000. Rice is the single
major crop, accounting for nearly three-fourths of the cropped area. It contributes
66% of theincome from cropsand 40% of theincomefrom agriculture. Hence, riceis
not only amajor food staple but also the main source of livelihood for the rural popu-
lation.

Table 2 shows the long-term growth rate in rice production over different
subperiods. In estimating the long-term growth rate (fitting semilogarithmic trend
lines on time-series data), we have excluded 1971 and 1972 because normal produc-
tion activities were disrupted because of the war of liberation with Pakistan and the
resettlement of 10 million refugees who fled to India during the war. Rice production
has increased from 14.4 million t (in paddy equivalent) during 1961 to about 34.4
million t in 1999-2000. The long-term growth has been about 2.5% per year, amost
on a par with the population growth rate. So, the per capita availability of rice from
domestic production hasyet to recover to the preindependencelevel of thelate 1960s.
Progress, however, isnoteworthy considering that growth was achieved without much
expansion of land inricecultivation. Nearly 90% of the growth in the postindependence
period was due to the increase in crop yield made possible through the diffusion of
the seed-fertilizer-water technology. Rice yield has increased from 1.7 t ha® during
the early 1960s to 3.2 t hal in 1999-2000.

Some qualitative changes in sources of growth in rice production over different
subperiods can be noted. The growth rate was nearly 3% per year during the 1960s,
but the growth was due almost entirely to the expansion of cropped area, particularly
from changes in single cropping to double cropping of rice in areas with favorable
rainfall and well-drained land. Since the potential for extending cultivation to new
land was almost exhausted by the end of the 1950s, farmers explored the possibility
of increasing cropping intensity by shifting from direct seeding to the transplanting
method of crop establishment for the wet-season (aman) rice crop. The delayed plant-
ing gave somelead timeto grow ashort-maturity drought-prone but low-yielding rice
crop known as aus (early rice) with premonsoon rains during the April-July period.
Theareaunder ausriceincreased from 3.4 to 4.0 million haduring the 1960s. Almost

Table 2. Long-term trends in growth (% per year) in rice production, 1961-

2000.

Factor 1961-70 1973-85 1985-2000 1961-2000
Production 2.3 2.2 3.0 2.5
Area 1.9 0.3 0.2 0.7
Yield 0.4 1.8 2.8 1.8

Source: Estimated by fitting semilogarithmic trend lines on time-series data pub-
lished by the Bangladesh Bureau of Statistics.
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82% of theincreasein rice production during this decade was due to the expansion of
cropped land. The marginal increase in yield occurred because of changes in crop
management practices, such asfrom direct seeding to transplanting and from random
transplanting to line transplanting. Modern agricultural inputs, such as chemical fer-
tilizers, irrigation water, and high-yielding seeds, were yet to play a significant role.
The area covered by modern irrigation was less than 5% of cultivated land and fertil-
izer use was less than 10 kg NPK  ha? by the end of the 1960s (Table 3). The high-
yielding varieties of rice had just been introduced and did not contribute much to the
growth of rice production during that decade.

The early 1970s were a period of stagnation because of disruptionsin production
and destruction of infrastructure caused by the war of independence (1971) and suc-
cessive crop failures caused by droughts and floods. The decline in per capita avail-
ability in domestic production, the skyrocketing of rice prices in the international
market following the oil price shock of 1973, and successive crop failures because of
droughts and floods from 1972 to 1974 led to the humanitarian disaster in late 1974
and early 1975 in which thousands died because of starvation.

Production recovered to the preindependence peak during 1976. The adoption of
modern varieties began to slowly pick up because of the limited expansion inirriga-
tion facilities and constraints in the supply of chemical fertilizers, which were then
controlled by government agencies, the BADC and the Bangladesh Water Devel op-
ment Board (BWDB). With the liberalization of the market for agricultural inputs,
including small-scaleirrigation equipment (power pumpsand shallow tubewells), the
irrigated area began to expand rapidly beginning in the early 1980s, and along with it
the adoption of high-yielding modern rice varieties and the use of chemical fertiliz-
ers. Fertilizer consumption grew at more than 10% per year during the '80s despite
the large increase in fertilizer prices caused by privatization in fertilizer marketing
and the gradual withdrawal of subsidies. From 1973 to 1985, the growth in rice-
cropped area decelerated sharply to only 0.3% per year, but production growth was
maintained at 2.2% because of technological progress, particularly in the dry-season
(boro) rice cultivation. This period also coincided with arapid expansion in the area
and production of wheat from avery low base. Wheat production increased from less
than 100,000t in 1993 to 1.5 million t by 1985 but stagnated around that level till the

Table 3. Adoption of modern agricultural technology, 1970-2000.

Year Irrigated area NPK fertilizer use Area covered by
(% of cultivated land) (kg ha) modern varieties (%)
1970 2.6 10 2.1
1975 7.7 17 13.0
1980 12.8 30 19.7
1985 20.9 42 27.1
1990 30.7 67 40.7
1995 43.0 73 49.6
2000 51.4 929 65.0

Source: Bangladesh Bureau of Statistics.
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mid-1990s. The production of cereal grains (rice and wheat) increased at 2.5% per
year during this period, surpassing the population growth rate.

Further policy changes were introduced in the mid-1980s with reduced tariffs on
the importation of agricultural machinery, the removal of the ban on imports by the
private sector, and deregulation in the prices of agricultural inputs, which gave fur-
ther impetusto the expansion of minor irrigation, particularly the extraction of ground-
water with shallow tubewells. The area irrigated by tubewells increased from 0.3
million hain 1985 to 2.9 million ha by 1999, of which nearly 80% was by shallow
tubewells. Along with the expansion of minor irrigation, a market for transactionsin
irrigation water was devel oped, which provided small and marginal farmers accessto
irrigation. The terms and conditions for water transactions have also changed over
time to improve efficiency in the use of irrigation equipment. Initially, the predomi-
nant practicein water pricing wasto collect afixed proportion of the harvest (25% of
the gross produce) in exchange for irrigation water, in which the farmer did not have
any incentive to save water. The current practice in many areasisto charge an hourly
rate depending on the duration of renting theirrigation equipment. Since this practice
provides incentives to save water, the capacity use of irrigation machines has in-
creased.

The system of renting irrigation equipment on an hourly basis is convenient for
supplementary irrigation during the wet season to cope with late-season droughts and
has thereby reduced the risk of crop failure. This devel opment has stimulated incen-
tives to grow modern varieties during the aman season on flood-free and shallow
flooded lands. Thus, the area under modern varieties has spread very rapidly and
reached 65% of rice-cropped area by 1999-2000. Rice production grew at a respect-
ablerate of 3.0% per year from 1985 to 2000 despite several disastrous floods (1987,
1988, 1998) and disincentivesin production because of adrastic declineinrice prices
from 1992 to 1996. Theincreasein yield from technological progress has accelerated
to 2.8% per year during 1985-2000 compared with 0.4% during the 1960s and 1.8%
from 1973 to 1985.

Many scholars argued earlier that the preponderance of small and marginal farm-
ers and the widespread use of crop-sharing tenancy that characterize the Bangladesh
agrarian structure would impede technological progress and constrain agricultural
growth (Jannuzi and Peach 1979, Boyce 1988). These apprehensions have proved to
be wrong. In-depth studies have shown that the adoption of modern varieties and the
intensity in the use of chemical fertilizers are not affected by farm size and tenure
statusif farmers have accessto water (Hossain et a 1994, Hossain 1996). In fact, the
diffusion of new technology has led to institutional changes, crop-sharing tenancy
has given way to fixed-rent tenancy in the cultivation of modern varieties, and the
tightening of the labor market during the busy agricultural seasonshasled to achange
in the contractual arrangement in the labor market from daily-wage to piece-rate con-
tracts. The areas that have not yet benefited from the new technology are those where
irrigation development is uneconomical at current input-output prices or those with
poor drainage and saline soils for which scientists have yet to develop appropriate
high-yielding rice varieties. There is also some potential for increasing the yield of
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Table 4. Annual growth rates? in total inputs, output, and total factor pro-
ductivity for rice, Bangladesh, 1952-2000.

Period Total inputs Total output Total factor

productivity
1952-60 1.4 0.5 -0.4
1961-70 1.1 2.0 0.9
1973-80 0.7 2.2 1.4
1981-89 0.5 1.6 1.0
1989-2000 1.3 2.3 1.0

aGrowth rates estimated by fitting semilogarithmic trend lines on three-year mov-
ing average of input and output indices.
Source: Dey and Evenson (1992) and Mustafi and Hossain (2001).

modern varieties in both the wet and dry seasons by using improved crop manage-
ment practices. The exploitation of this potential, however, would require a more
effective agricultural education and extension system and closer linkages with re-
search and extension.

Growth in total factor productivity

The growth rate in total production can be disaggregated into two components: (1)
growth attributable to the intensive use of inputs at constant levels of technical and
economic efficiency and (2) growth attributabl e to technical and economic efficiency
at constant levels of input use. The second component is known as total factor pro-
ductivity (TFP) and can be taken as a measure of savingsin unit production costs due
to technological progress.

Table 4 shows the average annual growth rates of inputs, outputs, and TFP for
rice. Input growth has slowed down substantially over timefrom about 1.4% per year
during the 1950s to only 0.5% in the ' 80s, but it increased again to 1.3% in the ' 90s.
During the 1950s, the growth in inputs was largely due to an increase in cultivated
area. In the’ 60s, the main source of growth was an increase in the effective supply of
land by growing additional crops on the same land during the year and thereby also
increasing labor use in crop production. Land cropped with rice has increased very
little since independence, but some increase occurred in labor use as traditional rice
varieties gradually gave way to modern varieties that required higher amounts of
labor in weeding and the harvesting and threshing of the additional biomass. The
main source of input growth during the period was the increasing use of chemical
fertilizers and the capital invested in irrigation equipment. The creation of additional
employment for agricultural workers in rice cultivation seems to have slowed down
since the early 1980s because of arapid rural-urban migration of population and the
movement of the rural labor force from agriculture to nonfarm activities (Rahman et
al 1996). Panel data produced through repeat surveys in 62 villages in Bangladesh
conducted by the Bangladesh Institute of Development Studies in 1987 and 1995
show an absolute decline in the number of agricultural workers and in the variety-
specific labor intensity in rice cultivation. The decline in the use of labor and draft
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animal power, however, was overcompensated for by the investment inirrigation and
the use of mechanical power in the 1990s.

Total factor productivity growth almost doubled from 0.6% per year from 1958 to
1970 to 1.1% per year from 1973 to 1989, mainly because of the substantial slow-
down inthe use of agricultural inputs. During the 1990s, TFP growth slowed margin-
ally, but still grew at arespectable rate of 1.0% per year.

Sources of productivity growth

Total productivity can be increased by investments in research, extension, human
capital, and infrastructure. It is useful to understand the importance of different fac-
tors in determining productivity growth. To shed some light on this issue, Dey and
Evenson (1992) estimated a multiple regression model relating TFPindicesfor seven
major crops to crop-specific research stock (RESEARCH), kilometers of metal road
per hectare (ROAD), number of literate adult males as a percent of total workers
(LITERACY), and the area damaged by floods, droughts, and cyclones as a percent
of total cropped area (WEATHER). The research stock variable was constructed from
past research investment using a time lag with variable weights, with the following
assumptions. (1) the reasearch will have an impact with a 2-year time lag, (2) the
intensity of impact will increase with time, and (3) full impact will be achieved inthe
seventh year.

The estimated models for rice for the pre- and postindependence period are
reported in Table 5. The value of the parameter is the elasticity of TFP on the change
in the explanatory variables. The results show that the impact of investment in roads
and agricultural research on TFP growth was stronger in the postindependence
period than in the preindependence period. For example, a 10% increase in invest-
ment in roads led to a growth in productivity of 1.8% during the preindependence
period, which increased to 4.0% during the postindependence period. Similarly, a
10% increasein expenditure on rice research led to aproductivity growth of 1% from

Table 5. Estimated parameters of total factor productivity decomposition
for rice, Bangladesh.

Preindependence
period? (1952-70)

Postindependence

Explanatory variables period (1973-89)

Intercept 4.29 3.80
RESEARCH 0.041% 0.104%
(4.52) (9.49)
ROAD 0.178% 0.403*
(2.06) (6.14)
LITERACY 0.003* 0.003
(2.74) (0.35)
WEATHER -0.237 -0.076
(1.51) (0.40)
Adjusted R2 0.76 0.96

aNumbers within parentheses are asymptotic t values. * denotes that the regres-
sion coefficient is statistically significant at less than 5% probability error.

Source: Dey and Evenson (1992).
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197310 1989, about 2.5 times higher than the contribution during the preindependence
period. The investment in education, however, did not have any significant effect on
productivity growth in the postindependence period.

Dey and Evenson (1992) estimated the marginal rates of return to investment in
rice research from the above findings of the TFP decomposition analysis. The stream
of marginal output produced from the investments was first computed from the esti-
mated parameters and then internal rates of return were estimated as the discount rate
at which the stream of output was equal to unity. Therate of return on research invest-
ment was found to be exceedingly high, at 149%. Bangladesh has benefited largely
from rice research conducted at IRRI in the Philippines. Studies on the impact of
IRRI’s research on germplasm improvement in national agricultural research and ex-
tension systems (Hossain et a 2001) show that Bangladesh has used IRRI materials
as parents for almost half of the improved rice varieties released to farmers. Assum-
ing that 50% of the productivity gainsin rice are attributed to the spillover effect from
IRRI, the internal rate of return of public investment in rice research in Bangladesh
was estimated at a robust 131%. This analysis provides strong empirical support to
the high productivity of rice research investment in Bangladesh.

Factors affecting supply and demand trends

Determinants of supply

Severa studies on the responsiveness of crop production to price changes are avail-
able for Bangladesh (Cummings 1974, Abedin 1985, Rahman 1986, Rahman and
Yunus 1993, Alam 1992, Dorash et a 2001). The price response was very low with
the exception of dry-season boro rice and jute, the major commercial crops. The most
recent study by Dorash et a (2001) shows ashort-run price elasticity of 0.16 for boro
rice, 0.11 for aus, and only 0.05 for aman rice. The studies used the single-equation
estimation of the Nerlovian supply response model, with the exception of Abedin,
which used atranslog profit function. Another limitation of the studiesisthat the area
response functions excluded nonprice variables such as irrigation, which influences
the production structure in Bangladesh most.

A modified version of the McGuirk and Mundlak (1971) model of dynamic sup-
ply response was used in this study to analyze the determinants of rice supply. The
model uses a systems approach to estimate the effect of incentives and infrastructure
variables on regulating supply. It distinguishes between irrigation techniques and be-
tween modern and traditional varieties, and decisionsto allocate land to various crop-
ping aternatives are assumed to be separable across seasons and within a season
across rainfed and irrigated land. We were unable to estimate the input demand func-
tions because of the lack of crop-specific data on input use.

Crop production in Bangladesh cycles over three distinct but overlapping sea
sons: aus (premonsoon, April to August), aman (monsoon, July to December), and
boro (dry season, December to June). A two-season framework, however, appears
more appropriate in analyzing crop and variety choices, given that (1) the average
cropping intensity in Bangladesh has been about 174%, (2) only about 12% of the
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area is under triple cropping, and (3) different crops and varieties have specific
agroecological requirementsin land levels, soil type, and flooding depth. Since the
aus and boro seasons largely overlap in the cultivation of different rice varieties (cul-
tivation of boro rice precludes growing aus rice, but, for most of the land types, the
cultivation of boro or aus rice does not preclude the cultivation of aman rice), we
decided to group the boro and aus season crops as dry-season activities and the aman
Ccrops as wet-season activities.

The scope of the choice of technique (crops and varieties of rice) is much greater
for the dry season than the wet season, when only rice and aspecial variety of jutecan
be grown because of flooding and high soil moisture. Modern rice varieties can be
grown during the dry season if irrigation facilities are available, but they will replace
many other crops that could also be grown with residual soil moisture and limited
rainfall, such as jute, wheat, aus rice, and many different pulses, oilseeds, and veg-
etables. The long-duration deepwater aman rice is established as a direct dry-seeded
crop during March-April and grows as an upland crop before the onset of floods in
July and as a deepwater crop during the flood period (July to November). It is har-
vested after the floods recede. Since the deepwater rice competes for land with crops
grown during the dry season, this aman rice variety is planted together with tradi-
tional aus rice and included in the set of crops for the dry season. For this study, the
following crops are included in the choice set, depending on season and availability
of irrigation:

« Dry-seasonirrigated: boro, wheat, pulses, mustard and rapeseed, potato

« Dry-season rainfed: rice (aus + deepwater aman), jute, wheat, pulses, and

mustard

« Wet-season rainfed: modern transplanted aman, traditional transplanted aman

TheMcGuirk-Mundlak model treatsirrigation asanimportant infrastructure vari-
able that stimulates the supply response through incentive variables such as relative
profitability among crops. For this study, the irrigated area has been classified into
two types, private irrigation and public irrigation. The area under irrigation reported
by the BBSincludestraditional irrigation by swing basketsand hollow wooden lifters
operated manually. Itishard to link thistype of irrigation with policy variables. Canal
irrigation has been under the control of the BWDB and is linked with flood contral,
irrigation, and drainage projectsimplemented by the government. Hence, it wastreated
in this study as public irrigation. The area irrigated by deep tubewells was also in-
cluded under this category since the government subsidized this type of irrigation
heavily and, until recently, BADC had rented deep tubewells to government-spon-
sored cooperatives. The area under low-lift power pumps and shallow tubewells is
under private irrigation. The land under private irrigation has been treated as a quasi-
fixed factor, whereas the land under public irrigation has been treated as an exog-
enous variable.

The main explanatory variables in the supply response model are the expected
relative profitability of crops that compete with land and other resources during the
growing season. Following McGuirk and Mundlak (1991), we measured expected
profits by revenue of the crop (price x yield) for the previous season. After experi-

Determinants of rice supply and demand in Bangladesh: ... 139



menting with alternative expectation variables, we used the average of the previous
two seasons' crop yield and one season’s price to produce the expected revenue vari-
able. Information on prices at the district level, obtained from the Department of
Agriculture Marketing, has been used for the study. For rice, the average price for
coarse varieties of aus, aman, and boro has been constructed from the weekly price
seriesin accordance with the seasons when these are marketed.

The system of supply equations has been estimated in two stages under a sequen-
tial decision-making framework. In the first stage, cropped land and private irriga-
tion, which are considered quasi-fixed factors, are assumed to be determined by (1)
the availability of total resources measured by per capita agricultural income and
rural population per unit of land; (2) farm and nonfarm activities, measured by the
expected revenue of the crop sector relative to the expected revenue of the noncrop
sector; and (3) the lagged dependent variables that measure the flexibility of adjust-
ment in the quasi-fixed factors over time. The amount of land and irrigation that
farmers have decided to allocate during the season were then introduced as exog-
enous variables in the next stage of decision making when farmers decide how to
allocate these resources among different crops depending on the set of incentive vari-
ables (expected relative profitability among crops, prices of variable inputs, etc.) and
other exogenous factors. At this stage, we related the share of different competing
crops of the total land-specific types to the set of incentives and infrastructure vari-
ables.

The model has been estimated with pooled time-series and cross-section data at
the greater district level for 1983-84 to 1990-91. The iterative seemingly unrelated
regression (SUR) method was used to estimate regression equations for each block.
In estimating the areaall ocation equations, symmetry restrictionswere imposed across
coefficients of expected revenue variables. Cross-equation restrictions were also im-
posed to ensure that the net effect of the price change on the sum of shares of all crops
is zero. Where necessary, corrections were also made for auto-correlations and
heteroscedasticity. In all cases of the area share egquations, we included district dum-
mies to take into account structural differences (agroecological and climatic varia-
tions) among the districts. Dummy variables were also used to separate the effect of
natural disasters and seasonal variationsin rainfall.

The estimated parameters of the incentives and infrastructure variables of the
area share equations are reported in Appendix Table 1. The parameters of the district
dummy variables are not reported in this Table. The results show that an increase in
the price and yield of competing crops—wheat and oil seeds—would reduce the allo-
cation of land to boro rice, as shown by the negative value of the coefficients of the
expected revenue variables, but the influence is not strong. The supply response of
boro riceto its own price and yield is positive and statistically significant. The infra-
structure variables, particularly private investment in shallow tubewells and low-lift
pumps, have a much stronger positive effect on the supply of boro rice, as shown by
the high statistical significance of the regression coefficient. The areaincrease under
boro rice in response to the expansion of private irrigation, however, comes at the
expense of wheat, asindicated by the negative and statistically significant coefficient
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of thisvariable in the area share equation for wheat. An increasein the priceand yield
of rice and oilseeds would also reduce the area under wheat.

The expansion of private irrigation has a large negative effect on traditional aus
and deepwater aman, but not on jute and oilseeds. Results show that the private in-
vestment inirrigation resultsin anincreasein the supply of boro rice at the expense of
irrigated wheat, traditional aus, and deepwater aman.

Inthe absence of any important nonrice crops grown during the wet season (aman),
we considered two rice varieties—traditional transplanted aman and modern trans-
planted aman for the wet season. A singlerice price variable (aman rice) deflated by
fertilizer price wasincluded in the area share equations as an incentive variable. The
result shows that the relative input-output price for rice did not have any significant
effect on the areaalocation decisions. Thisresult is expected because farmers do not
have any choice but to grow rice when the land remains flooded during the monsoon
season, irrespective of the price situation. Theavailability of irrigation, however, gives
them the option to grow higher-yielding modern varieties since they could protect the
investment through supplementary irrigation if alate-season drought occurs. Thisis
indicated by the positive coefficient of private irrigation in the area share equation of
modern transplanted aman and the negative coefficient in the equation for traditional
transplanted aman.

The dasticity of crop output on price and nonprice variables, as estimated from
parameters of the area share equations, is shown in Table 6. The own-price elagticity is
very low for rice (0.06) and wheat (0.15), but fairly high for jute (0.31) and mustard
(0.22). The cross-price elagticity between jute and mustard is positive, which indicates
that these two crops could coexist within the same cropping pattern, that is, jute could
be grown on the same land after harvesting mustard. The findings suggested that farm-
ersin Bangladesh are less responsive to price changes, at least in the short run.

In the long run, however, price changes could influence supply by inducing
investments in irrigation. The provision of irrigation changes crop choices and the

Table 6. Estimates of short-run elasticity of crop output to prices and irrigation.

Variables Rice Wheat Jute Mustard
Prices
Rice 0.06 -0.08 -0.11 -0.09
Wheat -0.00 0.15 -0.11 -0.09
Jute -0.01 -0.12 0.31 0.00
Mustard -0.00 -0.04 0.02 0.22
Irrigation?
Private sector 0.12 -0.21 -0.39 0.17
Public sector 0.06 0.10 -0.03 -0.15
Rice yield 1.02 -0.08 -0.11 -0.09

aPrivate-sector irrigation includes low-lift pumps, shallow tubewells, and hand tubewells.
Public-sector irrigation includes area irrigated by canals and deep tubewells.
Source: Estimated from simulation of the estimated model.

Determinants of rice supply and demand in Bangladesh: ... 141



relative profitability of various crops. Private investment in irrigation promotes rice
supply by facilitating the adoption of modern rice varieties in both the dry and wet
seasons. The public-sector investment in irrigation had amuch smaller effect onrice
production. Onereason for the differential effect of thetwo typesof irrigation may lie
in the management problem associated with the large- and medium-scale irrigation
projects implemented under the public sector. Farmers may not avail themselves of
the full benefits of irrigation for the area covered by these projects and they may
choose to grow crops requiring lessirrigation water, such aswheat and modern aman
varieties. The elasticities of output on rice yield were estimated indirectly from the
parameter of the expected revenue (price x yield) variable for rice. The value of the
elagticitiesis equal to unity, which showstheimportance of technological progressin
increasing rice supply. Theincreasein rice yield had negative incentives for growing
other crops.

Determinants of demand

There have been morefrequent attemptsto estimate demand parametersfor Bangladesh
than comparable studies on supply response. These studies initially focused on rice
and food grains (Alamgir and Berlage 1973, Mahmud 1979), but later studies at-
tempted to capture abroader set of commodities (Chowdhury 1982, Pitt 1983, Rahman
and Hossain 1988, Goletti and Boroumand 1992, Talukder 1993, Ahmed and Shams
1993). The studies have aso evolved in terms of the underlying conceptual frame-
work, which has been characterized by an increased use of sophisticated estimation
techniques. For example, efforts have been made to estimate the almost ideal demand
system (AIDS), which has atheoretical basis, and the econometric estimation tech-
nique permits imposing appropriate restrictions on parameters during estimation
(Goletti and Boroumand 1992). The main problem, however, has been associated
with incorporating price variables since most studies are based on cross-section data
collected by the household expenditure survey (HES).

For this study, we developed an aternative framework that enables the use of
published HES data for several years and can thereby capture the effects of price
changes on consumer choices. We have used a multistage budgeting framework in
which prices at different stages are linked to trace effects of changesin any one price.
Since the link is provided by sample data, we have estimated elasticities through
simulation rather than deriving them from estimated parameters.

At thefirst stage, it is assumed that the household will allocate total expenditure
on major expenditure groups depending on itsreal disposable income and real prices
for the expenditure groups. We consider three broad expenditure groups at this stage:
food, clothing, and fuel and lighting. The expenditure share of each group isassumed
to be afunction of the logarithms of the price and income variables, and household
size. A square term of the income variable isincluded to capture the nonlinear effect
of income on the demand for specific commaodity groups. At the second stage, the
total expenditure onfood estimated from thefirst stageisall ocated to different groups
of food items such as cereal's, protein group (meat, fish, pulses, and meat), vegetables,
edible oil and spices, fruits, and others. It is assumed that the allocation of food ex-
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penditure to these subgroups of food items would depend on the amount of real in-
come available for the group, the relative pricesfor these subgroups of food items, as
well as any scale effect due to variation in household size. At the fina stage, the
consumption of individual food items, such asrice, is expressed as a function of the
per capita expenditure for the subgroup (cereal) and the prices of substitute com-
modities within that subgroup. At each block of the equation, a square term of the
income (expenditure) variable was included to capture the nonlinear effect.

To estimate first-stage equations, we used the general price index and the price
indices for the major expenditure groups from which the Bangladesh Bureau of Sta-
tistics constructs the cost of living index. At the level of food subgroups, the price
indices were not available. We constructed the price indices using the harvest prices
for mgjor crops. For individual food items, we also used harvest prices.

At each stage, the relevant set of equations was estimated by the iterative SUR
method. The only exception wasin estimating third-stage equationsfor rice and wheat
for urban areas where the application of three-stage | east squares provided a better fit
to the data. The change in higher-level price index (say, cereals) caused by the price
change at alower level (say, rice) was worked out during simulation.

Theexpenditure and price el asticities of demand for rice estimated from the model
for rural and urban areas and for different income groups are reported in Table 7. The
average expenditure elasticity for riceis estimated at 0.41 for rural areasand 0.27 for
urban areas. The elasticity value declines sharply with the increase in income levels,
more so for urban areas than for rura areas. For urban households, rice has reached
the stage of being an inferior good only for the top 20% and will soon become so for
the top 40-80% of the householdsin the income scale. But, in rural areas, the expen-
diture elasticity is till large, even for higher-income groups.

The own-price elagticity of rice is negative. Thus, the substitution of other food
for ricein response to high rice pricesis much stronger for urban consumers than for
rural consumers. Rice-price increases raise the real incomes of rural households as
producers of amajor commodity, especially for those in the higher-income brackets.
It istherefore quite expected that the own-price el asticity would be lower for therural

Table 7. Estimates of expenditure and price elasticity of demand for rice, Bang-
ladesh, urban and rural areas.

Rural areas Urban areas

Income
groups Expenditure Own-price Expenditure Own-price

elasticity elasticity elasticity elasticity
Bottom 20% 0.96 -0.70 0.74 -1.08
20-40% 0.68 -0.43 0.28 -0.65
40-60% 0.53 -0.30 0.12 -0.50
60-80% 0.42 -0.21 0.04 -0.42
Top 20% 0.20 -0.03 -0.02 -0.41
All groups 0.41 -0.20 0.27 -0.65

Source: Authors’ estimation using a multistage budgeting approach.
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rich since the positive income effect will balance the negative substitution effect. The
low price elasticity of demand, however, suggests that the price of rice will increase
proportionately much more in response to any shortage in supply in relation to de-
mand. Since alarge proportion of the consumer expenditure is spent on rice, particu-
larly at lower income levels, arice shortage would have serious implications for the
poverty situation in the country.

Perspective on demand-supply balances

Will Bangladesh be able to sustain the self-sufficiency in food-grain production
achieved in 2000-017? In this section, we attempt to project the demand-supply bal-
ancesfor the 2000-20 period using a“ common sense” approach based on the findings
of the previous section on the determinants of demand and supply. The supply and
demand exercisesare carried out separately. No equilibrium priceisdetermined; hence,
the effect of the change in prices on demand and supply is ignored. This may not
affect the results much as the price elasticity of supply is insignificant (except for
boro rice). With the liberalization of external trade, we expect therice price to follow
the world market price (export parity), with some fluctuations in the short run de-
pending on supply shortages caused by climatic factors.

The demand for food grainswill be determined mostly by the increase in popula-
tion, the composition of the rural and urban population, and, to a marginal extent, by
the growth in per capitaincome and changes in the income elasticity of demand.

Thepreliminary report of the population census undertaken in January 2001 shows
that the population has reached 129.2 million, with 23.4% living in urban areas. The
rate of population growth declined sharply from 2.4% per year during the 1980s to
1.6% during the '90s. Following the population projection made by the United
Nations, we assumed agrowth rate of 1.3% from 2000 to 2010 and 1.1% from 2010 to
2020. The projected population is 160 million for 2020, about 12 million lessthan the
number projected on the basis of the report of the 1991 population census. The urban
population grew at 3.4% per year from 1991 to 2001, mostly because of the rural-urban
migration and expansion of urban areas. We assumed that urbanization will proceed at
the same rate from 2000 to 2020 as during the 1990s, and derived the rura population
as the residual. According to this projection, nearly 36% of the population will
be located in urban areas by 2020. The projected population is reported in Table 8.

Table 8. The projection of rural and urban population, 2000-20.

Population (million persons) Rate of growth
Year (percent y1)
Rural Urban Total
1991 (actual) 88.2 21.6 109.8 2.4
2001 (actual) 98.9 30.3 129.2 1.6
2010 104.2 40.9 145.1 1.3
2020 103.1 57.7 160.8 1.1
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The analysis of consumer demand as reported in the previous section shows that
the expenditure elasticity of demand is lower in urban areas than for rural areas and
the value of elasticity declines with the growth in income. The income elasticity of
demand is lower than the expenditure elasticity because of the high marginal rate of
savings. The National Agriculture Commission estimated, by analyzing the HES re-
port of 1996, that the income elasticity of demand for rice reached 0.18 in 1996 and
will decline to negative 0.8 by 2020. The Commission projected that per capitarice
consumption may continue to increase for rural areastill 2020, but for urban areas it
will decline sharply. However, per capitawheat consumption will grow for both rural
and urban areas, but at ahigher rate for urban areas because of changesin food habits.
The projections made under two alternative scenarios of income growth (5.0% and
7.0%) showed a marginal difference in the projected numbers for per capita con-
sumption of rice. We used the Agriculture Commission’s projection of per capita
consumption of rice and wheat at 7.0% growth in national income for the projected
rural and urban population to project the increase in demand for cerea grains for
2010 and 2020.

The estimates show that the demand for rice will grow at 1.5% per year from
2001 to 2010 and by only 0.7% per year from 2010 to 2020. The demand for wheat,
however, will grow at 3.2% per year from 2001 to 2010 and by 2.8% from 2010 to
2020. It can be noted here that in Bangladesh the gap in the price of coarse and fine-
quality rice has grown substantially in recent years. This indicates that the demand
for fine-quality rice has been growing fast with urbanization and the increase in in-
come, but the supply has not been able to catch up with the demand because most of
the high-quality rice comes from traditional varieties. Although the average demand
for ricewill grow at amuch slower rate over the next two decades, we expect afaster
growth in the demand for high-quality rice while there might be an absolute decline
in the demand for standard-quality rice. This change in the composition of the de-
mand for rice has important implications for future rice breeding strategies.

As noted in the previous section, the magjor determinants of supply are (1) the
distribution of land by agroecology, which constrains farmers’ choice of alternative
crop varieties; (2) the area under irrigation, which affects the choice between tradi-
tional and modern rice varieties; and (3) the agricultural research and extension effort
that will determine the growth in total factor productivity inindividual crop varieties
and the reduction in unit costs of production.

We assume that for the 1.3 million ha of highland where aus rice is presently
grown, farmers will gradually shift the land from traditional aus to grow high-value
crops such as vegetabl es, fruits, and spices during the dry season. For the wet season,
however, when there is too much moisture, they will continue to grow modern-vari-
ety aus under rainfed conditions in the highland. They will aso continue to grow
traditional boro (dry-season) rice on 200,000 ha of extreme low-lying land and
deepwater aman on 700,000 hathat are flooded at a medium depth during the mon-
soon season. For this land type, modern varieties are not suitable because of high
flooding depth and farmers have no other choice but to grow rice or to keep the land
fallow. Intheland with low flooding depth, the shift from traditional to modern trans-
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planted aman varietieswill continue depending on the availability of medium-height,
shorter-duration aman varieties, the incorporation of submergence-tolerancetraitsin
modern varieties, and the availability of supplementary irrigation.

The expansion of area under modern-variety boro depends almost entirely on the
availability of reliableirrigation (Hossain et a 1994). The potential to expand ground-
water irrigation has almost been exhausted. Further expansion may not bejustified on
environmental grounds—to prevent overexploitation of groundwater beyond the re-
charge potentia of the aquifer and to mitigate concerns regarding the supply and
quality of drinking water. Potential existsto harvest water during the monsoon season
for use during the dry season, through surface-water devel opment projects, but such
investment has to be undertaken by the government. The investment may not be eco-
nomical in view of the prevailing weakness in the management of surface-water irri-
gation projects and the potential to increase farmers' income through crop
diversification during the dry season. We have assumed that there will be no further
expansion of irrigation infrastructure, but there will be someincreaseinirrigated area
through greater capacity use of existing facilities, particularly if thetrendinrice prices
provides adequate incentives to farmers to grow modern varieties. We assume an
expansion of modern-variety boro areafrom 3.4 to 3.8 million hafrom 2000 to 2020.

For the projection of the yield rates, we used the estimates of the TFP trend for
modern varieties and the historical growth in rice yield for traditional varieties. This
presupposes (1) acontinuation of riceresearch and extension effortsat the samelevel,
(2) afurther increase in the use of chemical fertilizersin the traditional varieties but
no increase in modern varieties, (3) some redirection of research effortsfor pure-line
selection for traditional varieties, (4) rapid expansion of the market for high-quality
seeds for both modern and traditional varieties, and (5) the dissemination of more
efficient crop management practices. We expect afurther reduction in the use of labor
in rice cultivation, but assume that mechanization will expand to substitute for labor
and that there will be no yield effect because of this factor.

The outcome of these assumptions on theincreasein the supply of cereal grainsis
shown in Appendix Table 2. The supply-demand bal ancesfor rice and wheat based on
these estimates can be seen in Table 9. It appears from the numbers that from 2000 to
2010 Bangladesh may be able to maintain self-sufficiency in ricein normal years, but
shortages might occur in the years of bad harvests. There will be some deficit in
wheat from domestic production that could be met through imports. From 2010 to
2020, Bangladesh may produce asmall surplusin rice that could compensate for the
deficit in wheat production.

Conclusions and policy implications

Under afavorable scenario, we can expect Bangladesh to produce just enough rice to
meet the domestic demand in normal years but to incur small deficits in years of
natural calamities. Wheat importation at the present level will continue. In such a
context, questions on policy intervention can be raised from several perspectives. For
example, Are there feasible policies to manipulate the future scenario? What are the
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Table 9. Projected balance in the supply and demand for rice and wheat,
2000-10 (million t).

Item 2000 2010 2020
Demand
Rice (milled) 22.87 26.15 28.07
Wheat 2.13 2.82 3.75
Total 25.00 28.97 31.82
Supply
Rice (milled) 22.38 26.02 29.13
Wheat 2.29 2.54 2.79
Total 24.67 28.56 31.92

Source: Authors’ estimates.

implications of current policy practices for the projected scenario? Do they call for
policy interventions? This concluding section analyzes these issues.

Since tastes take alonger time to change, policy interventions on the supply side
in changing the future situation may be more realistically considered. Appropriate
investments in the water sector may enable wider coverage of modern high-yielding
varieties and thereby shift the production frontier for rice. Alternatively, subsidy on
inputs and supporting rice prices at an artificially high level may induce more inten-
sive cultivation of rice. However, implementation enforcement of all such policies
would entail huge budgetary costs. Since the low-quality modern rice varieties can-
not be marketed abroad, surpluses of these varietiesare not socially desirable and will
merely depress prices in the domestic market. A more desirable route may be to in-
crease the allocation for research. If this bearsfruit (increasing yield without involv-
ing excessive input costs), some land may be released to produce other remunerative
crops. Research on high-yielding aromatic rice varieties in the Bangladesh environ-
ment would also widen the choice of farmers. Along with improved irrigation man-
agement and agro-processing, rice research to develop appropriate technologies is
likely to enhance the potential of diversification in the crop sector.

Current policiesin Bangladesh are evolving more toward the market economy, in
which the private sector is expected to play the dominant role. Given this policy
direction, the projected scenario is likely to have two important implications. First,
because of a wide gap between import parity and export parity prices, the annual
fluctuation in domestic rice prices will be more pronounced. This needsto be tackled
through government intervention in the food-grain market. Second, with the opening
up of market opportunities and provision of incentives for variety and crop diversifi-
cation and promotion of high-profit crops for export (e.g., aromatic rice varieties and
vegetables), the positive externality of the past growth in food grains on poverty alle-
viation through price declines will be greatly reduced. Policies need to examine both
these issues for political stability that is so crucial to sustaining economic growth in
the future.
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Table 2. Projected changes in rice and wheat production, 2010-20.

Ecosystem/ Cropped area (000 ha) Rice yield (t ha) Rice production (000 t)
varieties?
2000 2010 2020 2000 2010 2020 2000 2010 2020
Wet-season rice 5,708 5,700 6,300 2.69 3.22 3.56 15,382 18,363 22,433
Deepwater aman 775 620 1,200 1.65 1.74 1.82 1,281 1,079 2,184
Transplanted 2,471 1,500 1,300 2.20 2.32 2.43 4,779 3,712 3,159
TV aman
Transplanted 2,762 3,480 3,800 3.38 3.90 4.50 9,322 13,572 17,100
MV aman
Dry-s