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Foreword

In 1978, China initiated its economic and agricultural policy reforms. The ensuing rapid
economic growth led to transportation shortages and congestion problems and increased
the demand for roads. Since 1985 the government has given high priority to road develop-

ment, particularly the construction of high-quality roads such as highways and freeways.
While the construction of high-quality roads has taken place at a remarkably rapid pace, the
construction of lower-quality and mostly rural roads has been slow.

This study evaluates the contribution of roads to economic growth and poverty reduction
in China. It disaggregates road infrastructure into different classes of roads to account for qual-
ity, and then estimates the impact of road investments on overall economic growth, agricul-
tural growth, urban growth, urban poverty reduction, and rural poverty reduction.

The study finds that benefit–cost ratios for lower-quality roads (mostly rural) are about
four times larger than those for high-quality roads when the benefits are measured in terms of
national GDP. Even in terms of urban GDP, these ratios are much greater for low-quality roads
than for high-quality roads. In terms of poverty reduction, the study finds that, for every yuan
invested, lower-quality roads raise far more rural and urban poor people above the poverty line
than high-quality roads. Another significant finding of the study is the tradeoff between
growth and poverty reduction in different parts of China, implying the need to formulate dif-
ferent regional priorities depending on whether economic growth or poverty reduction is more
important for a particular part of the country.

IFPRI has long emphasized the importance of infrastructure for promoting economic
growth and reducing poverty. Without this essential public good, efficient markets, adequate
health care, a diversified rural economy, and sustainable economic growth will remain elusive.
Effective development strategies require good infrastructure as their backbone.

The enormous benefit of rural roads that the study reveals for China holds true for other
countries as well. Investment in rural roads should be a top priority to reduce poverty, max-
imize the positive effects of other pro-poor investments, and foster broadly distributed eco-
nomic growth.

Joachim von Braun
Director General, IFPRI
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Summary

Beginning in 1978, China adopted a series of economic reforms leading to rapid eco-
nomic growth and poverty reduction. National GDP grew at about 9 percent per annum
from 1978 to 2002, while per capita income increased by 8 percent per annum. The

post-reform period was also characterized by an unprecedented decline in poverty. However,
income inequality has worsened between coastal and interior provinces as well as between
rural and urban areas. A number of factors contributed to this widening disparity in regional
development in China, including differences in natural resources endowments and infrastruc-
ture and human capital development.

When the policy reforms began in 1978, the transportation infrastructure in China was
poor. With rapid economic growth, the demand for road transport soared, and transportation
shortages and congestion problems surfaced as a consequence. Since 1985, the government
has given high priority to road development, particularly construction of high-quality roads such
as highways connecting major industrial centers in coastal areas. In the 1990s, investment in
infrastructure became a national priority and various policies were implemented to promote
the rapid construction of highways. The development of expressways has been particularly re-
markable, with the total length increasing from 147 kilometers in 1988 to 25,130 kilometers in
2002, equivalent to an average annual growth rate of 44 percent. In contrast, the length of low-
quality, mostly rural roads increased very little, by only 3 percent per year over the same period.

The objective of this study is to assess the impact of public infrastructure on growth and
poverty reduction in China, paying particular attention to the contribution of roads. The ben-
eficial impacts of roads on production and productivity, as well as on poverty alleviation, are
well recognized in the literature but some important gaps remain. First, the impact of road
quality has received little attention. While the total length or density of roads is a useful indi-
cator of the road infrastructure availability in a country, it is important to account for quality
differences because different types of roads (e.g., rural versus urban) can have very different
economic returns and poverty impacts. Second, most studies have focused only on rural
poverty in China, as urban poverty has only recently emerged as an important and growing
problem. To address these limitations, this study disaggregates road infrastructure into different
classes of roads to account for quality. The study also estimates the impact of road investments
on overall economic growth, urban growth, and urban poverty reduction, in addition to agri-
cultural growth and rural poverty. To achieve these goals, an econometric model that captures
the different channels through which road investment impacts on growth and poverty is de-
veloped and estimated using provincial-level data for 1982–99.

The most significant finding of this study is that low-quality (mostly rural) roads have
benefit–cost ratios for national GDP that are about four times greater than the benefit–cost ratios
for high-quality roads. Even in terms of urban GDP, the benefit–cost ratios for low-quality
roads are much greater than those for high-quality roads. As far as agricultural GDP is con-
cerned, high-quality roads do not have a statistically significant impact while low-quality
roads are not only significant but also generate 1.57 yuan of agricultural GDP for every yuan
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invested. Investment in low-quality roads also generates high returns in rural non-farm
GDP. Every yuan invested in low-quality roads yields more than 5 yuan of rural non-farm GDP.

In terms of poverty reduction, low-quality roads raise far more rural and urban poor above
the poverty line per yuan invested than do high-quality roads.

Another significant finding of the study is the trade-off between growth and poverty re-
duction when investing in different parts of China. Road investments yield their highest eco-
nomic returns in the eastern and central regions of China while their contributions to poverty
reduction are greatest in western China (especially the southwest region). This implies the
need to formulate different regional priorities depending on whether economic growth or
poverty reduction is the most important goal for the country.

The results of this study have important implications for future road project investments.
In the past, China invested heavily in building expressways and intercity highways. These in-
vestments have been a major force in China’s economic transformation during the 1980s and
1990s. However, as more and more investments are being poured into these projects, the mar-
ginal returns are beginning to decline, although they are still positive and economically sound.
At the same time, low-quality roads or rural roads have received less attention than high-quality
roads, and as a result, their marginal returns are much larger today than the returns for high-
quality roads. Low-quality roads also raise more poor people out of poverty per yuan invested
than high-quality roads, making them a win–win strategy for growth and poverty alleviation.
The government should now consider giving greater priority to low-quality and rural roads in
its future infrastructure investment strategy.

viii SUMMARY



C H A P T E R  1

Introduction

S ince the mid-1980s, China has been investing massively in road infrastructure.1 The
resulting expansion of the road network, in addition to policy reforms and improve-
ments in human capital, has been identified as one of the major engines of China’s

economic growth over the past decade (Fan, Zhang, and Zhang 2002). From 1985 to 2002,
national gross domestic product (GDP) grew by more than 9 percent per year, making China’s
economy one of the most dynamic in the world.2 While the Asian financial crisis unexpect-
edly hit the star performing economies of South Korea, Hong Kong, Singapore, Thailand, and
Indonesia, the Chinese economy continued its growth momentum, with an annual GDP growth
rate of 7–9 percent from 1998 to 2002.

Accompanying the rapid growth of the national economy was an astounding reduction of
absolute poverty in rural China. Based on the official poverty line of $0.66 per capita per day
(constant 1985 purchasing power parity [PPP] dollars), the incidence of poverty in rural China
declined from 250 million people in 1978 to 29 million in 2001.3 A reduction in poverty of this
scale and within such a short time is unprecedented in history and is seen by many to be one
of the greatest achievements in human development in the 20th century.

China still faces many challenges today, however. Prominent among these is that many
people still live close to the official poverty line. For example, if, instead of using the official
poverty line, poverty is measured using the international poverty line of US$1.00 per day
(constant 1985 PPP dollars), then China still had more than 100 million rural poor and 20 mil-
lion urban poor in 1998 (World Bank 2001). Another challenge is to implement policies that
distribute economic gains more equally among the general population. Over the last two
decades, the Gini coefficient index in rural areas increased from 0.21 in 1978 to 0.364 in 2002
according to data published by the State Statistical Bureau (SSB). For the country as a whole,

1Throughout this document, China refers to mainland China. Taiwan, Hong Kong, and Macau are not included
because of unavailability of data and different economic systems.

2The data on GDP, income, and income distribution used in this report, if not otherwise specified, are from the
latest issues of China Statistical Yearbook published by the National Statistical Bureau (Beijing: China Statistical
Press).

3The number of rural poor for each year is reported in the China Agricultural Development Report, a white paper
of the Ministry of Agriculture. The poverty line is defined as the level below which income (and food production
in rural areas) is below subsistence levels for food intake, shelter, and clothing. Using this criterion, the rural
poverty line in 1985 is 206 yuan in nominal price per person and increased to 625 yuan per person in 2000. The
206 yuan per year poverty line is equivalent to US$0.66 dollar per day measured in 1985 purchasing parity (World
Bank 2001). China has never officially published the urban poverty rate although scattered reports on some cities
are available using the ad hoc poverty lines.

1



the World Bank (2004) reported a Gini co-
efficient of 0.447 for 2001, making China
one of the more unequal societies in Asia.4

Another feature of the Chinese economy is
the unequal development among regions.
China has long pursued a biased develop-
ment policy, with the largest portion of pub-
lic investment concentrated in the coastal
regions and in urban areas. It is not surpris-
ing therefore that the difference in economic
growth rates between the coastal and in-
land regions was as high as three percentage
points during the past two decades, and that
regional inequality for China as a whole in-
creased significantly.5 Moreover, as a result
of the government’s urban-biased policy,
the income and productivity gaps between
rural and urban areas have increased over
time. In 2002, rural per capita income was
only one third of the urban per capita in-
come. Thus, the majority of the poor people
in China still reside in rural areas.

A large body of literature exists on
economic growth and poverty reduction
in China. However, few studies have at-
tempted to link these issues to public in-
vestment and infrastructure development. It
is widely recognized that improvements in
human and physical capital are fundamental
for economic growth and poverty reduction.
Fan et al. (2002) were the first to link in-
vestments in infrastructure to rural poverty
reduction in China. The authors used roads,
electricity consumption, and the number of
rural telephones as proxy variables for rural
infrastructure in an econometrically esti-

mated equations system. Their analysis of
road infrastructure was quite crude, how-
ever, as the road variable was expressed in
terms of the total length of all types of roads
and failed to discriminate between roads of
different quality.

This study builds on the earlier work of
Fan et al. (2002) and uses a similar econo-
metric model fitted to time series data at
the provincial level. However, the model
used here provides a more disaggregated
analysis of the impact of road investments
on economic growth and poverty alleviation
in China. Roads are disaggregated into dif-
ferent classes to account for differences in
their quality, and poverty impacts are mea-
sured separately for the rural and urban
populations.

The report is organized as follows. The
next chapter reviews the trends in economic
growth and poverty in China. The third
chapter reviews the development of China’s
road infrastructure, encompassing a review
of the government’s policies concerning
roads, trends in road investment and con-
struction, and the means by which they were
financed. The fourth chapter provides a lit-
erature survey of the impact of road invest-
ments on growth and poverty reduction. The
fifth chapter then presents the conceptual
framework and model used, followed by a
description of the available data and the
model results. We conclude with a summary
of the key findings and a discussion of their
policy implications.

2 CHAPTER 1

4This coefficient is among the highest in Asia but is lower than that found in some countries in Latin America and
Africa. For example, the reported Gini ratio was 0.325 for India in 2000, 0.249 for Japan in 1993, 0.318 for
Bangladesh in 2000, 0.591 for Brazil in 1998, and 0.593 for South Africa in 1995 (World Bank 2004).

5Kanbur and Zhang (2004) used both the Gini and maximum entropy indexes in assessing the changes in regional
inequality (among provinces). They found that both measures increased substantially in the 1980s and 1990s.



C H A P T E R  2

Economic Growth, Regional Development,
and Poverty Reduction

T his chapter provides an overview of China’s economic growth, regional development,
and poverty trends in recent decades. It also highlights the institutional and policy en-
vironment in which these changes took place. The analysis draws on Chinese official

documents including various issues of China Development Report (National Bureau of Statis-
tics), China Agricultural Development Report (Ministry of Agriculture), China Rural Poverty
Monitoring Report (National Bureau of Statistics), and An Overview of the Development-
Oriented Poverty Reduction Program for Rural China (State Council Leading Group Office
of Poverty Alleviation and Development).

Economic Growth
China’s economy has experienced major structural changes and economic transformations
since the establishment of the People’s Republic in 1949. The history of China’s economic de-
velopment is typically divided into two broad periods: the central planning period from 1949
to 1978, and the market-oriented reforms period from 1978 to the present.

The Central Planning Period, 1949–78
Following the establishment of the People’s Republic of China in 1949, the Communist Party
became the ruling party, controlling the country’s political life and socioeconomic activities.
The leaders’ goals were to transform China into a modern, powerful, and socialist nation. The
party initially adopted the Soviet economic model of communism, with its emphasis on a heavy
industrial base, state ownership of the means of production in urban areas, collectively owned
large units in agriculture, and centralized economic planning. At first, industrial GDP grew at a
remarkable 16.1 percent per annum between 1952 and 1957, whereas total GDP grew by 9 per-
cent per annum and the agricultural sector by 5 percent per annum. The government gradually
took control of the industrial and agricultural sectors of the economy and by the end of the
1950s, privately owned firms were practically nonexistent. In the agricultural sector, land was
confiscated by the state and merged into large and socialized production cooperatives, which
evolved into communes in 1958. The commune was based on the collective ownership of
all land and major inputs by its members, who produced mainly to meet state planning targets.

In the late 1950s, the authorities decided that China should make a “great leap forward”
and modernize. The goal was to depart from the Soviet model and catch up with the United
Kingdom in 15 years. All the country’s resources were mobilized to reach this goal. This un-
realistic campaign resulted in a severe economic crisis, and GDP declined precipitously at a
rate of 8.7 percent per annum between 1958 and 1962. Agricultural GDP also fell by 3.1 percent
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per annum and industrial GDP by 14.3 per-
cent per annum. The Great Leap Forward
campaign turned out to be a disaster when
the country was hit by a series of natural
calamities and tens of millions of people
died in the ensuing famine. Between 1962
and 1965, the Chinese economy entered a
period of readjustment and recovery, driven
by a series of corrective measures. Particu-
larly noteworthy was the decentralization of
decision making within the commune struc-
ture. The production brigades and teams be-
came accountable for all decisions concern-
ing production and the distribution of
income among their members. In the in-
dustrial sector, production decisions were
based on rational and efficient planning
rather than on ideology. These changes were
beneficial to the Chinese economy, and GDP
in all sectors grew to their levels prior to the
Great Leap Forward.

These developments were suppressed
again with the Cultural Revolution (1966–
76) when China was run under a strict
Maoist vision. The government restored
most of the controls that had been relaxed
during the three-year adjustment period of
1962–65 and all foreign ties were cut off,
isolating China from the rest of the world.
During this period, the pace of growth in all
sectors of the economy slowed down.

In sum, by the end of the Cultural
Revolution, China was a centrally planned
economy. The central government not only
controlled nearly all means of production,
but also dictated and controlled the economy
through a variety of regulatory mechanisms.
The government set production goals, con-
trolled prices, and allocated resources. As
self-reliance was emphasized, foreign invest-
ment was discouraged and trade became
negligible. Despite these constraints, during
China’s communist regime all sectors of the

economy expanded at a respectable rate.
Between 1952 and 1977, real GDP in the
agricultural sector grew by 4.2 percent
per annum, whereas the corresponding rates
in the industrial and service sectors were
8.1 percent per annum and 4.0 percent per
annum, respectively (Table 2.1).

The Reform Period, 1978–Present
In December 1978, China’s party leaders
decided to embark on a program of gradual
but fundamental reform of the economic sys-
tem. Underlying the reform was a princi-
ple of incrementalism or gradualism: new
measures were first to be implemented lo-
cally, and if they proved successful, would
be popularized and disseminated nationally.

The first stage of the economic reform
program (1978–84) focused mainly on the
rural sector. The government aimed at ex-
panding agricultural production, diversify-
ing the rural economy, improving the rural
standard of living, and promoting new tech-
nologies. One of the most important and
successful reform policies was the imple-
mentation of the household responsibility
system, which allowed farmers to have
use rights over land. Collectively owned
and operated land was distributed to farmers
based on family size and the number of
family workers. Farmers had the right to
choose their own crop mix and input levels
as long as they fulfilled government quotas
for certain grain and cash crops. Any surplus
output could be sold in the free markets.
This system motivated farmers to reduce
production costs and to increase productiv-
ity, since their efforts were closely linked
to their income. Accompanying increases
in procurement prices and government en-
couragement of the establishment of free
farmers’ markets stimulated agricultural
production further.6

4 CHAPTER 2

6The forced procurement policy for grains and certain cash crops was implemented from the 1950s to 1978.
Under this policy, production teams had to sell a certain amount of their outputs to the government (the so-called
quota). The procurement (or quota) prices were usually much lower than the international prices and free market
prices. In 1978, the government decided to increase the quota price by 20 percent and the price for over-quota
grain by an additional 50 percent (China Agricultural Development Report, 1997).



In the industrial sector, policies were in-
troduced to increase the autonomy of enter-
prise managers, to reduce the prominence of
planned quotas, and to allow enterprises to
produce and sell goods in the market. Town-

ship and village enterprises (TVEs), which
are industries owned by townships and vil-
lages, were established and individual en-
terprise was allowed after having virtually
disappeared during the Cultural Revolution.

ECONOMIC GROWTH, REGIONAL DEVELOPMENT, AND POVERTY REDUCTION 5

Table 2.1 Gross domestic product by sector

GDP total Agriculture Urban industry Urban service

(billion yuan, 2002 constant prices)
1952 259 131 54 74
1957 403 162 120 121
1962 364 143 114 107
1965 555 211 195 150
1970 776 273 314 188
1975 1,033 335 473 226
1978 1,222 343 589 290
1979 1,315 410 623 282
1980 1,418 427 688 303
1981 1,491 474 692 326
1982 1,627 541 732 353
1983 1,804 596 805 404
1984 2,079 665 900 513
1985 2,359 669 1,018 673
1986 2,567 695 1,130 741
1987 2,865 767 1,258 840
1988 3,189 818 1,407 963
1989 3,319 830 1,429 1,061
1990 3,445 932 1,434 1,080
1991 3,762 920 1,584 1,258
1992 4,297 936 1,887 1,474
1993 4,877 969 2,313 1,594
1994 5,491 1,111 2,627 1,753
1995 6,068 1,244 2,961 1,862
1996 6,650 1,356 3,293 2,001
1997 7,235 1,381 3,617 2,238
1998 7,800 1,449 3,845 2,506
1999 8,357 1,474 4,130 2,753
2000 9,026 1,476 4,533 3,017
2001 9,703 1,537 4,861 3,306
2002 10,479 1,612 5,354 3,513

Annual growth rate (percent)
1952–2002 7.62 5.68 8.94 7.90
1978–2002 9.76 6.33 10.25 11.93
1952–1977 5.43 4.24 8.08 4.01
1978–1983 7.83 11.14 6.04 7.09
1984–1991 8.59 5.53 8.02 12.45
1992–2002 9.02 5.43 10.16 9.41

Source: Authors’ calculations based on China’s National Bureau of Statistics, Statistical Yearbook of China,
2001, 2003.

Notes: Since there is no official GDP deflator, we calculated the real GDP by multiplying the real GDP index
listed in the Statistical Yearbook of China by the 1952 base year value. To calculate the GDP by sector,
we multiplied the real GDP by the respective shares of each sector in total nominal GDP.



Moreover, China introduced an open-door
policy permitting international trade and for-
eign direct investment.

These initiatives improved the standard
of living for most Chinese. Income as well
as the availability of food, housing, and
other consumer goods increased substan-
tially. Between 1978 and 1983, real GDP
grew on average by 7.8 percent per annum,
and agricultural and industrial output grew
at 11.1 percent and 6.0 percent, respectively
(Table 2.1).

The second phase of the reform program
(1984–91) was aimed at broadening the
reforms to include industrial enterprises in
urban areas, creating market institutions, and
dismantling the central planning system.
Two particularly important policies were
introduced: the dual-track pricing system
for industrial goods and the enterprise con-
tract responsibility system. Under dual-track
pricing, some goods and services were allo-
cated at state controlled prices, while others
were allocated at market prices. Prices were
gradually deregulated while markets were
allowed to play an increasing role in setting
prices. The enterprise contract responsibil-
ity system granted greater autonomy to pro-
duction and employment decisions within
enterprises.

Another key element of the reforms
was to allow private as well as foreign en-
terprises to compete with state-owned enter-
prises (SOEs). The development of the
non-state sector in China provided employ-
ment opportunities and contributed to the
country’s economic growth. Other important
measures included the dissolution of China’s
monobank system under which the People’s
Bank of China served as both the central
bank and the sole commercial bank, the in-
troduction of an enterprise tax system, and
an expansion of the number of special eco-
nomic zones. These policy changes proved

beneficial to the industrial and services sec-
tors, which grew rapidly between 1984 and
1991 by 8.0 percent and 12.5 percent per
annum, respectively (Table 2.1).

The third phase of the reform program
(1992 to the present) aimed at establishing a
socialist market economic system, in which
the economy continues to remain primarily
under public ownership but market forces
are allowed to play a fundamental role in
resource allocation and distribution deci-
sions.7 It was the first time that China offi-
cially endorsed the market economy. To
achieve this goal, several measures have
been taken to reform the financial and fiscal
sectors. In the financial sector, a key focus
of the strategy was to create a banking
system engaged in commercial transactions
and responsive to market forces, shifting
away from the banks’ traditional role of sup-
porting SOEs. In the fiscal sector, measures
were directed to improve tax administration
and set up stable and transparent tax rates.
Since the mid-1990s, Chinese authorities
have been focusing on improving the effi-
ciency and profitability of the SOEs and on
developing the social security system.

China’s accession to the World Trade
Organization (WTO) in late 2001 is an im-
portant step in the country’s transformation
into a market-driven economy. In accordance
with its membership in the WTO, China
will have to further open and liberalize its
economy in the coming years. Trade bar-
riers will have to be lowered, financial mar-
kets and institutions further developed, and
the private sector further deregulated. China
will also have to continue improving the
performance of state-owned firms.

During the past 50 years, the economic
structure of China has undergone tremen-
dous changes. In 1952, China’s economy
was essentially based on agriculture. The
agricultural sector accounted for half of

6 CHAPTER 2

7The third phrase began when Deng Xiaopeng made an important speech during his South China tour. He re-
affirmed that reform would have to continue, and it was the first time that the leader recognized the importance
of the market economy in China’s economic development instead of the socialist economic system.



national GDP, whereas the industrial and
service sectors contributed 21 percent and 29
percent, respectively (Table 2.2). By 2002,
China had emerged as an industrial econ-
omy with 51 percent of GDP derived from
industry, 34 percent from services, and only
15 percent from agriculture. Nevertheless, in
2002 the agricultural sector still employed
50 percent of the labor force and remains an
important component of China’s economy.

In sum, since the initiation of economic
reforms, China’s economy has grown at an

impressive rate of 9.8 percent per annum.
Most Chinese have benefited from rising in-
come levels and living standards, and China
is now classified as a lower-middle-income
country. However, a number of challenges
remain. In the financial sector, for example,
inefficient state-owned banks still dominate
the sector and continue to fund the SOEs.
Although the viability of SOEs has been
challenged with increasing competition
from domestic and foreign firms, they con-
tinue to monopolize some sectors such as

ECONOMIC GROWTH, REGIONAL DEVELOPMENT, AND POVERTY REDUCTION 7

Table 2.2 GDP and employment shares by sector

Share of GDP by sector Share of employment by sector

Urban Urban Urban Urban
Agriculture industry service Agriculture industry service

(percent)
1952 50.5 20.9 28.6 83.5 7.4 9.1
1957 40.3 29.7 30.1 81.2 9.0 9.8
1962 39.4 31.3 29.3 82.1 7.9 9.9
1965 37.9 35.1 27.0 81.6 8.4 10.0
1970 35.2 40.5 24.3 80.8 10.2 9.0
1975 32.4 45.7 21.9 77.2 13.5 9.3
1978 28.1 48.2 23.7 70.5 17.3 12.2
1979 31.2 47.4 21.4 69.8 17.6 12.6
1980 30.1 48.5 21.4 68.7 18.2 13.1
1981 31.8 46.4 21.8 68.1 18.3 13.6
1982 33.3 45.0 21.7 68.1 18.4 13.4
1983 33.0 44.6 22.4 67.1 18.7 14.2
1984 32.0 43.3 24.7 64.0 19.9 16.1
1985 28.4 43.1 28.5 62.4 20.8 16.8
1986 27.1 44.0 28.9 60.9 21.9 17.2
1987 26.8 43.9 29.3 60.0 22.2 17.8
1988 25.7 44.1 30.2 59.4 22.4 18.3
1989 25.0 43.0 32.0 60.0 21.6 18.3
1990 27.0 41.6 31.3 60.1 21.4 18.5
1991 24.5 42.1 33.4 59.7 21.4 18.9
1992 21.8 43.9 34.3 58.5 21.7 19.8
1993 19.9 47.4 32.7 56.4 22.4 21.2
1994 20.2 47.8 31.9 54.3 22.7 23.0
1995 20.5 48.8 30.7 52.2 23.0 24.8
1996 20.4 49.5 30.1 50.5 23.5 26.0
1997 19.1 50.0 30.9 49.9 23.7 26.4
1998 18.6 49.3 32.1 49.8 23.5 26.7
1999 17.6 49.4 32.9 50.1 23.0 26.9
2000 16.4 50.2 33.4 50.0 22.5 27.5
2001 15.8 50.1 34.1 50.0 22.3 27.7
2002 15.4 51.1 33.5 50.0 21.4 28.6

Source: Authors’ calculation based on data reported by China’s National Bureau of Statistics, Statistical Yearbook
of China, 2001, 2003.



heavy industry and utilities. Moreover, the
social security system is not yet functioning
well. Problems include insufficient funding
and limited and insufficient coverage of ben-
eficiaries. In the agricultural sector, addi-
tional reforms are needed, as most farms
remain very small and use low-level tech-
nology. Moreover, most farmers still do not
have secure title to their land.

Regional Development
For a country as large and as geographically
diverse as China, uneven regional devel-
opment is far from unexpected. The coastal
area, endowed with favorable geographical
and natural conditions, has historically de-
veloped faster than the interior regions. Over
the years, China’s development policies have
exacerbated this unequal development pat-
tern. During the central planning period, the
government pursued a strategy of regional
economic self-sufficiency, which signifi-
cantly shaped regional economic outcomes.
Each region was expected to be self suffi-
cient in terms of both food production and
industrial goods. This policy severely dis-
torted the allocation of resources, which in
turn affected production efficiency and ag-
gravated the unevenness in regional eco-
nomic development. The introduction of

economic reforms further shifted China’s
focus away from developing the interior
provinces. To attract foreign direct invest-
ment and to promote foreign trade, the gov-
ernment established special economic zones
along the coast. The resulting rapid eco-
nomic growth in the coastal provinces con-
tinued to widen the gap between the coastal
and the interior regions.

Differences in economic development
among regions can be gauged by their GDP
per capita, agriculture’s share in regional
GDP, and rural income per capita (Table 2.3).
In 2002, per capita GDP in the northwest
and southwest averaged 5,000–6,000 yuan,
or only about half the income level in the
east, the northeast, and the northern regions.
The rural income per capita in northwest
(1,744 yuan) and southwest China (1,894
yuan) was also considerably lower than the
national average (2,476 yuan) and that in
the east (3,203 yuan). Moreover, the shares
of agriculture in total GDP are higher in the
northwest and southwest (18 and 21 per-
cent) than in the east and north regions (12
and 10 percent), indicating that farming is
still a major source of rural income in west-
ern China.

A combination of economic, social, ge-
ographical, and others factors has restricted
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Table 2.3 Major economic indicators by region, 2002

Per capita income

Population Per capita GDP AgGDP/GDP Urban Rural

(million) (yuan) (percent) (yuan)
North 124.59 10,758 10 8,296 2,703
Northeast 107.15 10,813 13 6,315 2,509
East 367.61 12,266 12 8,823 3,203
Central 308.92 9,018 15 8,505 2,641
Southwest 250.39 5,144 21 6,872 1,894
Northwest 116.52 6,180 18 6,304 1,744

China 1,275.18 9,255 14 7,703 2,476

Source: Authors’ calculations based on data reported by China’s National Bureau of Statistics, Statistical Yearbook
of China, 2003.

Note: Rural and urban per capita income are weighted average figures that are obtained by multiplying the
average per capita income by province reported in the 2003 yearbook by the region population shares
for 2000.



labor mobility in China’s less developed
regions and this has been a major contributor
to the widening regional disparities (Kanbur
and Zhang 1999). Differences in the shares
of the rural labor force employed by the
rural non-farm sector are also seen as im-
portant (Rozelle 1994). For the nation as a
whole, in 1997, about 29 percent of the rural
labor force was engaged in non-agricultural
activities and the non-farm sector contributed
more than one third of rural income. But in
the east, the non-farm sector employed 40
percent of the rural labor force, compared
with less than 20 percent in northwest and
southwest China.

Given that such an overwhelmingly
large share of the rural labor force is em-
ployed in agricultural activity in China’s
western region, labor productivity is in-
evitably low. In fact, labor productivity in
the southwest was half the national level in
1997. Poor natural resource endowments,
weak infrastructure, low literacy rates, and
insufficient investment and personnel in
regionally focused science and technology
research all constrain the development and
adoption of new technologies and associ-
ated improvements in agricultural produc-
tivity. Moreover, difficulties in accessing
national and international markets constrain
the choice of cropping mix and the develop-
ment of high-value agricultural products in
western China (Fan et al. 2001a).

The growing inequality and increasing
concentration of poverty in the western re-
gion led the central government in 1999 to
launch an official plan aimed at developing
western China. Among the specific objec-

tives included in the proposed plan are the
improvement of infrastructure; the intensi-
fication of environmental protection; and
the development of science, technology, and
education.

Overall, regional inequality in China can
be lessened by adopting policies that pro-
mote growth in rural areas, that correct the
bias in regional development, and that facil-
itate labor mobility across regions and from
rural to urban areas. The latter is especially
important to help narrow the wage gap be-
tween the farm and non-farm sectors, to
transfer resources to rural areas (through
remittances, investments, human capital, and
information), and to improve the allocation
of labor from low- to high-productivity sec-
tors. The economic and social benefits of
labor migration have been recognized by
Chinese authorities. Recently, the govern-
ment has freed up the movement of the
labor force across China, opening cities to
permanent migration.

Poverty
China has achieved tremendous success in
reducing poverty since the introduction of
economic reforms in the late 1970s. Based
on China’s official poverty line of US$0.66
per day (in constant 1985 purchasing power
parity [PPP] dollars), the number of rural
poor decreased dramatically from 250 mil-
lion in 1978 to 29.3 million in 2001, imply-
ing that more than 200 million people es-
caped from poverty in the past 23 years
(Table 2.4).8 The reduction in rural poverty
was particularly rapid during the first phase
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8The accuracy of China’s official poverty measure has been criticized in the literature for a number of reasons.
For example, the difference in the cost of living among regions or provinces is not taken into account because a
single poverty line is used for the whole of China. Moreover, the estimation of the official poverty line is based
on income rather than on expenditure data and has not kept pace with inflation over the years. As a result of these
limitations and other problems, the official estimates may be biased as they tend to overstate the decline in
poverty and understate the remaining incidence (for more details see Riskin 2004). Nevertheless the literature
overall agrees that the absolute rural poverty has declined greatly over the past several decades. Moreover, even
using the higher poverty line of US$1.00 per day measured in purchasing power parity, the poverty rate declined
dramatically from 31.3 percent in 1990 to 11.5 percent in 1998, or the number of poor declined from 280 million
to 106 million (World Bank 2000).



of the reform period when increases in agri-
cultural production, productivity, and prices
stimulated the rural economy. By the end of
1984, the year marking the end of the first
phase of the reforms, the number of rural
poor (128 million) was half the level of 1978
(250 million). Likewise, the rural poverty
rate fell dramatically during this period,
from 33.1 percent in 1978 to 15.1 percent in
1984 (Table 2.4).

During the second stage of the reform,
the government introduced the first impor-
tant poverty reduction program. The govern-
ment allocated funds for public works with
the goal of boosting income in poor coun-
ties and stimulating local economic growth.
Rural poverty continued to decline rapidly
during this period. By the end of the second
phase of the reform period in 1992, rural
poverty had declined to 80.1 million and
the incidence of rural poverty had fallen to
8.8 percent (Table 2.4).

In the mid-1990s, China launched an
ambitious poverty alleviation plan aimed

at eradicating poverty by the end of the
20th century. Some key features of the pro-
gram included subsidized loans, food-for-
work infrastructure schemes, and various
grants, which were targeted to 592 nation-
ally designated poor counties.9 The govern-
ment directly supported agriculture by pro-
viding low-interest loans. Poverty declined
rapidly during this period, from 70 million
in 1994 to 29 million in 2001, while the in-
cidence of rural poverty fell from 7.6 per-
cent to a mere 3.2 percent (Table 2.4).

However, estimates of the extent of
poverty reduction are sensitive to the choice
of the poverty line. If poverty is measured
using the World Bank’s international poverty
standard of US$1.00 a day (in 1985 pur-
chasing power parity dollars) instead of the
official Chinese poverty line, then, by that
criterion, although poverty is still found to
have declined rapidly since the beginning
of the reform period, a much larger number
of poor remain today (106 million rural
poor in 1998, equivalent to a poverty rate of
11.5 percent) (World Bank 2001). Clearly,
this much higher poverty figure demonstrates
that a large number of rural people live just
above the official poverty line, and thus
pose an important and remaining challenge
for the Chinese government.

When characterizing poverty in terms of
nutrition, evidence shows that there was a
remarkable improvement in child nutrition
in rural China in the 1990s. Between 1990
and 1998, the incidence of underweight
children younger than five years of age de-
clined from 22 percent to 12.6 percent in
rural China, while the incidence of stunting
fell from 41.4 percent to 22 percent. These
achievements were partly driven by the
rapid socioeconomic developments of the
1990s including the various poverty allevia-
tion and other special programs that were
put in place.
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9The detailed proposed poverty reduction programs were described in the book An Overview of the Development-
Oriented Poverty Reduction Program for Rural China (State Council Leading Group Office of Poverty Allevia-
tion and Development 2003).

Table 2.4 Rural poverty in China,
1978–2000

Year Number of poor Poverty incidence

(million) (percent)
1978 250 33.1
1984 128 15.1
1985 125 14.8
1992 80.1 8.8
1993 75 8.2
1994 70 7.6
1995 65 7.1
1996 58 6.3
1997 49.6 5.4
1998 42.1 4.6
1999 34.1 3.7
2000 32.1 3.4
2001 29.3 3.2

Source: China Statistics Press, China Rural Poverty
Monitoring Report (various issues).



Rural poverty is not evenly distributed
in China, as shown in Table 2.5. Regardless
of the sources of data, it is clear that the
incidence of rural poverty is significantly
higher in western China, a region charac-
terized by poor agricultural land and weak
infrastructure. Based on the World Bank’s
estimates, the poverty rate averaged 19 per-
cent and 11 percent in the northwest and
southwest regions, respectively, in 1996,
while the comparable figure for the entire
country was 6 percent. In contrast, for that
same year, only 1.2 percent and 2.6 percent
of the rural population was living under the
poverty line in the eastern and central re-
gions, respectively. Moreover, the reduction
in the incidence of rural poverty was not as
dramatic in western China as it was in the
other regions. Consequently, rural poverty
is increasingly concentrated in the western
provinces. The southwest and northwest re-
gions together accounted for about 70 per-
cent of the total rural poor in China in 1996,
a 40 percentage point increase over 1988
(Table 2.5).

Although urban poverty has recently
become an important policy issue, its rela-
tively low level in previous years was at-
tributable to various urban-biased policies
of the Chinese authorities since the 1950s.
First, as part of the country’s industrial de-
velopment strategy, various implicit and ex-
plicit transfer programs favoring the urban
sector were implemented (Lin, Cai, and Li
1996; Hussain 2003).10 The urban sector
benefited from the economic growth led by
industrialization, at the expense of the
countryside. Moreover, the rationing system
introduced in the 1950s enabled urban resi-
dents to have equal access to food and other
necessities at much lower prices than rural
people. Almost all urban residents of work-
ing age also had guaranteed jobs in the state-

or collective-owned sectors. Because these
jobs were permanent (“iron rice bowl”),
urban unemployment was virtually non-
existent. These jobs also provided urban
residents with many benefits such as free or
subsidized housing and health care. Not sur-
prisingly, poverty alleviation in urban areas
was not on the policy agenda until recently,
and China’s anti-poverty program, first ini-
tiated in 1986, focused mainly on rural areas.

China’s recent economic reforms have
been beneficial to urban dwellers in gen-
eral but have also contributed to worsening
poverty and inequality for some. One key
feature of the reforms was the reduction of
workers’ lifetime ties to their employers,
thereby providing them with a higher de-
gree of freedom to change jobs and achieve
higher incomes. The reforms also allowed
market forces to determine wages and better
match wages with workers’ skills. The effi-
ciency gains from the urban reform are evi-
denced by a dramatic increase in the aver-
age per capita urban income, which grew at
about 6 percent per year in the 1990s. On
the other hand, urban reforms and increased
competition have resulted in soaring finan-
cial losses for many state- and collective-
owned enterprises, and an increasing num-
ber of urban workers have been laid off.11

Many of these workers are not adequately
compensated by the existing social safety
net programs. Also, the liberalization of the
welfare system may have made some dis-
advantaged groups more vulnerable to
sudden shocks such as catastrophic illness.
Nowadays, the urban poor in China can be
grouped into the following three categories:
(1) urban people with no working ability, no
income, or no providers; (2) unemployed
workers; and (3) low-income or temporarily
laid-off workers. To mitigate the surge
of urban unemployment and poverty, the
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10This bias still exists today, but in different forms (for example, the government spends more in urban than in
rural areas, universities have higher admission scores for rural students, and there are still visible and invisible
restrictions on rural–urban migration).

11The number of laid-off workers in 1997 is reported to be 11.57 million (China Development Report 1998).
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Table 2.5 Regional distribution of rural poor

Xian and Sheng
(2001)

World Bank (2001)

Poverty incidence
Poverty incidence Share of national total

1998 1988 1996 1988 1996

North 15.2 4.6 9.8 7.6
Beijing 2.37 0.5 0.8 0 0.1
Tianjin 16.16 1.8 0.3 0.1 0
Hebei 39.11 14 3.9 5.8 4.1
Shanxi 44 22.1 7.5 3.9 3.4

Northeast 10.2 4.7 4.6 5.1
Liaoning 13.04 8 2.9 1.5 1.3
Jilin 18.18 8.8 4.7 1.1 1.3
Heilongjian 22.84 13.6 6.7 2.1 2.5

East 7 1.2 14.9 6.4
Shanghai 0.45 0.3 0.1 0 0
Jiangsu 12.37 4.5 0.1 2 0.1
Zhejiang 2.5 2.8 0.1 0.8 0.1
Anhui 27.64 10.3 2.7 3.9 2.7
Fujian 2.73 3.9 0.5 0.8 0.3
Jiangxi 9 8.5 0.7 2.1 0.5
Shandong 15.58 9.4 1.9 5.3 2.7

Central 13.6 2.6 23.1 11.3
Henan 31.75 25 4.3 14.6 6.6
Hubei 16.33 11 2.7 3.6 2.1
Hunan 5.08 7.9 1.5 3.4 1.6
Guangdong 2.46 2.7 0.2 1.1 0.2
Hainan 12.1 8.2 0.4 0.8

Southwest 20.5 10.5 31.9 41.2
Chongqing 6.6 3.2
Sichuan 21.49 16.7 7 12.8 9.7
Guizhou 42 23 12.8 5.3 7.6
Yunnan 36.45 23.8 22.9 6.2 15.3
Tibet 57.33 32.3 10.1 0.5 0.4
Guangxi 20.08 24.1 6.4 7.2 5

Northwest 26.2 18.6 15.7 28.4
Inner Mongolia 19.78 17.3 9.3 2 2.6
Shaanxi 38.06 24.9 17.5 5.3 9.6
Gansu 49.7 38.4 22.7 5.7 8.9
Qinghai 35.52 22.4 17.7 0.5 1.2
Ningxia 28.39 24.7 18.5 0.7 1.4
Xinjiang 45.64 22.3 27.4 1.4 4.8

China 22.25 13.9 6.3 100 100



government introduced some safety net pro-
grams in urban areas, and promoted the de-
velopment of small and medium enterprises
for job creation.

Table 2.6 reports poverty estimates for
urban China.12 Three poverty measures are
used: (1) the headcount index (P0) which
measures the spread of urban poverty;
(2) the poverty-gap ratio (P1), which mea-
sures the depth of poverty and is sensitive to
changes in the average income of the poor;
and (3) the square poverty gap (P2), which
measures the severity of poverty and is sen-

sitive to changes in the inequality of income
distribution of the poor.13

The incidence of urban poverty declined
from 1992 to 1995 and increased thereafter
following the implementation of major urban
reforms (Table 2.6).14 The level of poverty
is sensitive to the choice of the poverty line.
Based on the US$1.00 per day poverty line,
the proportion of urban poor varied between
1.65 percent and 2.73 percent over the 1992–
98 period. Given that real expenditure per
capita grew on average by 6 percent per
annum between 1992 and 1998, the rate of
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12For more details about urban poverty measures, refer to the section on data.

13These poverty measures are members of the Foster–Greer–Throbecke class of poverty measures, known as Pa,
a = 0, 1, 2.

14There have been several efforts to measure the urban poverty rate in China. Very often they showed conflict-
ing trends owing to the use of different datasets and poverty lines. For example, estimates of urban poverty rate
based on SSB’s official data indicate a decline from 5.8 percent to 3.4 percent between 1991 and 2000 (Asian
Development Bank). Applying an adjusted consumer price index on the same official data, Khan and Riskin
(2001) estimated three measures of urban poverty (broad, deep, and extreme) in 1988 and 1995. Their estimates
show that urban poverty grew over this period with an increase of 19.4 percent for broad poverty, 86.4 percent
for deep poverty, and 145.5 percent for extreme poverty.

Table 2.6 Urban poverty measures

World
US$1.00 per day US$1.50 per day Official poverty line Bank

Year P0 P1 P2 P0 P1 P2 P0 P1 P2 P0

(percent)
1992 2.09 0.45 0.17 13.74 2.6 0.82 2.48 0.51 0.18 0.83
1994 2.73 0.47 0.16 13.18 2.77 0.91 2.9 0.53 0.17 0.86
1995 1.65 0.36 0.12 10.27 1.98 0.64 1.68 0.29 0.08 0.61
1996 1.69 0.27 0.07 8.41 1.67 0.53 1.76 0.27 0.07 0.46
1997 2 0.42 0.14 9.21 2.06 0.71 2.44 0.45 0.14 0.53
1998 2.06 0.3 0.08 8.86 1.88 0.6 2.13 0.32 0.08 0.98

Annual growth rate (percent)
1992–95 –7.58 –7.17 –10.96 –9.25 –8.68 –7.93 –12.17 –17.15 –23.69 –9.76
1996–98 10.41 5.41 6.9 2.64 6.1 6.4 10.01 8.87 6.9 45.96
1992–98 –0.24 –6.53 –11.81 –7.05 –5.26 –5.07 –2.5 –7.47 –12.8 2.81

Source: Except for the last column, all figures were calculated by Fang, Zhang, and Fan (2002). No official na-
tional urban poverty line is available in China, with different cities publishing different figures. The city-
specific official poverty lines are taken from China Development Report (1998). The poverty line of the
World Bank measure is US$32.74 per month. The figures are available from http://www.worldbank.org/
research/povmonitor/countrydetails/China.htm.

Notes: P0 refers to the headcount index, which measures the spread of poverty; P1 is the poverty-gap ratio, which
measures the depth of poverty; and P2 is the square poverty-gap ratio, which measures the severity of
poverty.



reduction of the number of people living on
less than US$1.00 a day is astonishingly low,
suggesting that the rapid economic growth
has not trickled down to the poor. On the
other hand, estimates based on a US$1.50 per
day poverty line show not only a higher pro-
portion of urban poor in China, but also a
sharp decline in the poverty rate over the
period of study. The incidence of urban
poverty declined from 14 percent in 1992 to
about 9 percent in 1998. The high sensitivity
of the poverty estimates to small changes in
the poverty line implies that a large share
of the urban non-poor is concentrated just
above the US$1.00 per day poverty line.
Thus, these households are extremely vul-
nerable to external shocks and to a fall into
poverty.

No matter which poverty line is used,
the depth (P1) and severity (P2) of urban
poverty declined sharply between 1992 and
1996, increased between 1996 and 1997,

and declined afterwards. For the period as a
whole, the depth and severity of urban
poverty declined substantially, indicating that
the average income as well as the distribu-
tion of income has improved.

There are marked regional variations
in the incidence of urban poverty in China.
Table 2.7 presents the proportion of urban
poor for China’s coastal, central, and west-
ern regions. Three features are particularly
noteworthy. First, the fraction of the urban
population living under the poverty line was
higher in the western region than in central
and eastern China over the period of study.
Using the US$1.50 per day poverty line,
about 20 percent of the urban populations of
western cities were poor during the sample
period compared to less than 8 percent in
the coastal cities. This finding is not surpris-
ing given that the western region is home
to many of the country’s worst performing
state-owned heavy industries. Factory clo-

14 CHAPTER 2

Table 2.7 Urban poverty by region: Headcount index

US$1.00 per day US$1.50 per day Official poverty line

(percent)
Coastal region
1992 2.20 7.15 1.61
1994 4.95 7.89 1.50
1995 1.75 5.54 0.77
1996 4.14 4.42 0.65
1997 2.22 3.04 0.63
1998 1.07 3.48 0.70

Central region
1992 2.22 19.36 1.89
1994 3.49 16.04 3.00
1995 1.53 13.89 1.48
1996 1.73 8.53 2.13
1997 2.10 12.27 3.02
1998 2.49 11.69 2.79

Western region
1992 6.71 20.46 5.91
1994 7.38 22.23 6.50
1995 5.86 16.39 4.52
1996 5.07 18.98 4.10
1997 6.63 20.21 6.27
1998 6.32 17.70 4.65

Source: Calculated by Fang et al. (2002).



sures and layoffs resulting from the reforms
have exacerbated the incidence of urban
poverty in the region. Second, the incidence
of poverty is highly sensitive to the choice of
poverty line, particularly in the western and
central regions. For example, the US$1.50
per day poverty line shows a poverty rate
of about 12 percent in the central region in
1998 compared with only 2.5 percent when
the US$1.00 per day poverty line is used.
This indicates that a large number of house-
holds is clustered just above the US$1.00 per
day poverty line. Third, the drop in urban
poverty was more pronounced in the coastal
region than in the central and western re-

gions. While the incidence of poverty fell by
51 percent in eastern China between 1992
and 1998, it declined by 39 percent in central
China, and by only 13 percent in the west-
ern region. Moreover, on the basis of both
the US$1.00 per day and the official poverty
lines, the incidence of urban poverty in-
creased in the central region and stagnated
in the western region between 1992 and
1998. These results suggest that the govern-
ment should adopt more proactive mea-
sures to target the urban poor in the central
and western regions if it wants to eliminate
poverty more effectively.
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C H A P T E R  3

Development of Road Infrastructure

This chapter reviews the development of road infrastructure in China and draws on data
from various issues of China Transportation Yearbook, 1984–2003.

Government Policies
The development of China’s transportation infrastructure has been shaped by the various pol-
icy and institutional reforms that took place in the country during the past 50 years. Under the
centrally planned system that existed prior to the economic reforms, the Chinese government
exercised its authority in all sectors of the economy, including all decisions pertaining to
infrastructure development. The inward-looking development strategy, oriented toward heavy
industrialization and self-sufficiency, promoted the expansion of the transportation network in
northern China where heavy industries were located. These policies also promoted railways,
which were viewed as a cost-effective means of transporting material from resources-rich
provinces to industrialized provinces (Démurger 2001). However, despite these improve-
ments, the development of the transportation infrastructure remained relatively unimportant in
China’s national development strategy during the pre-reform period (World Bank 1999). Con-
sequently, China was poorly endowed with transportation infrastructure when the reforms
began in 1978. There were only 97 kilometers of roads per thousand square kilometers of land
in China in 1980, compared with 230 kilometers of roads per thousand square kilometers of
land in India.15 Benziger (1993) argued that official Chinese statistics may have understated
the length of rural roads in China, as most village-to-market roads are not included in China’s
road statistics. The author re-estimated road density in China based on information from
Hebei Province and found that China’s road density in the 1980s was only 20–30 percent
below India’s.

Despite the priorities given to develop China’s transportation infrastructure in the early
years of the reform period, investments were low compared to those in the industrial sector
(Démurger 1999). The fiscal policies aimed at controlling inflation appeared to be a limiting
factor in infrastructure development. During the 1980s, the government curbed overheated de-
mands for consumption and infrastructure investments by controlling rigidly the money sup-
ply and by implementing a tight credit policy (Démurger 1999). Thus China’s infrastructure
development did not keep pace with a soaring demand in the early 1980s. The growth in inter-

15Road density estimates for India are based on road length data reported by the Indiastat database and refers to
the length of paved roads. For China, road length data are reported in the Chinese Statistical Yearbook (2001) and
refer to the length of highways. For both countries, land area data are taken from the World Bank 2003 Develop-
ment Indicator database.
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regional trade following the reforms com-
bined with the relatively low level of in-
vestments in infrastructure created trans-
portation shortages and urban congestion
(Démurger 2001). Since 1985, the govern-
ment has geared up its investment in roads,
particularly high-quality roads such as high-
ways connecting major industrial centers in
the coastal areas.

In the 1990s, investments in infrastruc-
ture became a national priority. The Chinese
government invested massively in road
construction to speed up the expansion of
the road network in counties and towns, to
improve the quality of roads, and to increase
the mileage of expressways. Although more

resources were initially devoted to the
coastal regions, the Chinese government has
more recently shifted its focus to the west-
ern region. Road projects are now an impor-
tant part of China’s strategy to develop the
western region. In 2003, for example, more
than 200 projects were launched to improve
transportation in western China. The aim of
these projects was to connect all counties
with highways and expand the length of the
road network.

Development of Roads
Table 3.1 shows the development of the
length and density of the road network in
China from 1952 to 2002. The mountainous
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Table 3.1 Characteristics of roads in China

Length of highway Road density Passengers Freight traffic

(1,000 km) (km/1000 km2) (million persons) (million tons)
1952 127 13.6 45.6 131.6
1957 255 27.3 237.7 375.1
1962 464 49.7 307.4 327.9
1965 515 55.2 436.9 489.9
1970 637 68.3 618.1 567.8
1975 784 84.0 1,013.5 725.0
1978 890 95.4 1,492.3 851.8
1979 876 93.9 1,786.2 3,710.4
1980 883 94.7 2,228.0 3,820.5
1981 898 96.2 2,615.6 3,636.6
1982 907 97.2 3,006.1 3,792.1
1983 915 98.1 3,369.7 4,014.1
1984 927 99.4 3,903.4 5,333.8
1985 942 101.0 4,764.9 5,380.6
1986 963 103.2 5,442.6 6,201.1
1987 982 105.3 5,936.8 7,114.2
1988 1,000 107.2 6,504.7 7,323.2
1989 1,014 108.7 6,445.1 7,337.8
1990 1,028 110.2 6,480.9 7,240.4
1991 1,041 111.6 6,826.8 7,339.1
1992 1,057 113.3 7,317.7 7,809.4
1993 1,084 116.2 8,607.2 8,402.6
1994 1,118 119.8 9,539.4 8,949.1
1995 1,157 124.0 10,408.1 9,403.9
1996 1,186 127.1 11,221.1 9,838.6
1997 1,226 131.5 12,045.8 9,765.4
1998 1,279 137.1 12,573.3 9,760.0
1999 1,352 144.9 12,690.0 9,904.4
2000 1,403 150.4 13,473.9 10,388.1
2001 1,698 182.0 14,028.0 10,563.1
2002 1,765 189.2 14,752.6 11,163.2

Source: China’s National Bureau of Statistics, Statistical Yearbook of China, 2001, 2003.



topography in many parts of China has
historically hindered the development of
roads. In 1952, China’s transportation infra-
structure included only 126.7 thousand kilo-
meters of roads, corresponding to a road den-
sity of 13.6 kilometers per thousand square
kilometers of land. In that year, the road
network handled about 132 million tons of
goods and 45 million passengers, represent-
ing 41 and 19 percent of the total volume of
goods and passengers conveyed by Chinese
transportation system, respectively. By 2002,
the length of roads had increased to 1.77 mil-
lion kilometers, carrying some 14.7 billion
passengers and 11.1 billion tons of goods.
This implied a road density of 189 kilome-
ters per square kilometer of land, a 14-fold
increase over 1952. In the mid-1980s, the
government emphasized the construction of

high-quality roads. The construction of
expressways has expanded substantially in
China since the country completed its first
expressway project in 1988. The length of
expressways increased from 147 kilometers
in 1988 to 25,130 kilometers in 2002, repre-
senting a more than 100-fold increase over
14 years (Table 3.2). Likewise, the length
of class 1 highways increased rapidly, from
196 kilometers in 1980 to 27,468 kilometers
in 2002, or an annual growth rate of 28.5
percent. Class 2 highways also expanded
rapidly with an average annual growth rate
of over 14 percent between 1980 and 2002.
In contrast, the length of lower-quality roads
expanded at much slower rate. The length of
class 3 and class 4 roads increased by only
5.4 percent and 3.5 percent per annum from
1980 to 2002, whereas the length of sub-
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Table 3.2 Length of roads by class

Expressway Class 1 Class 2 Class 3 Class 4 Substandard Total

(km)
1980 196 12,587 108,291 400,060 367,116 888,250
1981 214 14,126 111,770 409,605 361,893 897,607
1982 231 15,665 115,249 419,149 356,669 906,963
1983 255 17,167 119,203 426,190 352,264 915,079
1984 328 18,693 124,011 437,329 346,365 926,726
1985 422 21,194 128,541 456,286 335,952 942,395
1986 748 23,762 136,790 476,410 325,059 962,769
1987 1,341 27,999 147,838 491,212 313,853 982,243
1988 147 1,673 32,949 159,376 503,126 302,282 999,553
1989 271 2,101 38,101 164,345 511,105 283,866 999,789
1990 522 2,617 43,376 169,756 524,833 287,244 1,028,348
1991 574 2,897 47,729 178,024 535,444 276,468 1,041,136
1992 652 3,575 54,776 184,990 542,942 269,772 1,056,707
1993 1,145 4,633 63,316 193,567 559,472 261,343 1,083,476
1994 1,603 6,334 72,389 200,738 580,336 256,421 1,117,821
1995 2,141 9,580 84,910 207,282 606,841 246,255 1,157,009
1996 3,422 11,779 96,990 216,619 619,258 237,721 1,185,789
1997 4,771 14,637 111,564 230,787 635,737 228,909 1,226,405
1998 8,733 15,277 125,245 257,947 662,041 209,231 1,278,474
1999 11,605 17,716 139,957 269,078 718,380 194,955 1,351,691
2000 16,285 25,219 177,787 305,435 791,202 363,919 1,679,847
2001 19,437 25,214 182,102 308,626 800,665 361,968 1,698,012
2002 25,130 27,468 197,143 315,274 817,911 382,296 1,765,222

Growth rate (percent)
1980–2002 44.4 28.5 14.0 5.1 3.2 –1.3 2.9

Source: China’s National Bureau of Statistics, Statistical Yearbook of China (various issues).
Note: Growth rate for expressways is for 1988 to 2002.



standard roads declined by 1.3 percent over
the same period.

The expansion of the highway network
contributed greatly to China’s economic de-
velopment. The State Planning and Devel-
opment Commission estimated that highway
construction has increased economic growth
by up to 0.4 percentage points and has ab-
sorbed 4 to 5 million workers in the con-
struction industry per year.

There are significant changes in the
shares of different classes of roads in China
over time. In 1980, high-quality roads (ex-
pressways and class 1 and class 2 roads) ac-
counted for only 1.4 percent of the total road
length, while low-quality roads (class 3,
class 4, and substandard roads) accounted
for 98.6 percent. In particular, class 4 and
substandard roads constituted more than
85 percent of the total road length. By 2002,
these shares had changed substantially,
with high-quality roads accounting for 14.1
percent of the total length of roads while
class 4 and substandard roads accounted for
68 percent of the total.

Large regional variations exist in the
density and quality of road infrastructure in
China (Table 3.3). The western region is
poorly served by roads compared to the cen-
tral and coastal regions. In 2002, there were
only 166 and 66 kilometers of roads for
every thousand square kilometers of land in
southwest and northwest China, respectively,
compared to more than 460 kilometers per
thousand square kilometers of land in the
eastern and central regions. Among all prov-
inces, Tibet and Qinghai are particularly
poorly endowed with road infrastructure,
with a road density of only 33 kilometers per
thousand square kilometers of land. Road
quality is also the worst in the western re-
gion. In southwest China, for example, high-
quality roads (expressways and class 1 and
class 2 roads) account for less than 6 percent
of the road network compared to 20 percent
in the northern and the eastern regions.

Road development has also been un-
even between rural and urban areas. In rural
China, currently about 184 towns and

54,000 villages, most of which are located in
the western region, have no access to roads.
Large-scale road projects have recently been
launched to expand and improve the rural
road network (Xinhua News Agency 2003).

Sources of Funding
Prior to the reform period, road projects were
funded predominantly by domestic sources
in China. These sources included govern-
ment appropriations, profits from state-
owned enterprises, and local government
levies. The central government was account-
able for the development of national roads,
while the provincial and local governments
were responsible for the provincial and local
road networks (Démurger 2001). Under the
centrally planned system, provincial and
local governments typically received funds
for infrastructure construction from the
central government.

Following the economic reforms, the
sources of funds for roads have increasingly
diversified and now include not only funds
from central and local governments, but
also loans from international organizations
and banks, as well as foreign capital. Another
important change has been the issuance of
long-term public bonds to finance infra-
structure projects. Between 1998 and 2002,
the government issued more than 660 billion
yuan in bonds. These bonds were issued to
state-owned banks, such as the Industrial
and Commercial Bank of China and the
Agricultural Bank of China, and were as-
signed to projects aimed at:

� Infrastructure investment in agriculture,
forests, water conservancy, and the
environment.

� Construction of highways, railways,
airfields, ports, and telecommunica-
tion projects.

� Environmental protection.
� Upgrading rural and urban electric

networks.

As local governments were granted more
autonomy in the post-reform period, they
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Table 3.3 Length and density of roads by region, 2002

Shares in total
length of highways

Expressway,
Length of highways Road density class 1 and 2 Below class 4

(km) (km per 1,000 km2) (percent)

North 146,745 392.2 19.7 8.5
Beijing 14,359 854.3 18.2 2.9
Tianjin 9,696 857.7 22.1 5.9
Hebei 63,079 332.0 21.4 14.4
Shanxi 59,611 382.1 17.9 4.0

Northeast 152,192 193.3 17.7 5.3
Liaoning 48,051 329.3 27.9 0.6
Jilin 41,095 219.3 16.0 6.5
Heilongjiang 63,046 138.9 11.0 8.2

East 368,500 463.3 20.5 15.5
Shanghai 6,286 991.4 30.0 4.2
Jiangsu 60,141 586.2 25.6 16.9
Zhejiang 45,646 448.4 20.1 6.3
Anhui 67,547 483.9 12.8 9.1
Fujian 54,155 446.1 11.9 23.9
Jiangxi 60,696 363.7 12.7 40.6
Shandong 74,029 472.4 35.4 0.2

Central 372,061 478.4 16.6 24.3
Henan 71,741 429.6 23.8 7.3
Hubei 86,098 463.1 14.9 21.8
Hunan 84,808 400.4 7.5 54.7
Guangdong 108,538 609.8 21.3 10.0
Hainan 20,876 596.5 10.1 43.6

Southwest 391,790 166.2 5.6 38.1
Chongqing 31,060 376.9 12.7 29.4
Sichuan 111,898 230.7 10.4 33.9
Guizhou 44,220 251.1 5.8 31.0
Yunnan 164,852 418.4 1.9 34.7
Tibet 39,760 32.6 1.5 79.0
Guangxi 56,297 237.8 10.7 25.1

Northwest 277,637 65.7 10.5 18.2
Inner Mongolia 72,673 61.6 9.2 13.3
Shaanxi 46,564 226.5 12.6 12.4
Gansu 40,223 88.4 11.5 23.4
Qinghai 24,003 33.3 12.8 23.0
Ningxia 11,245 170.4 21.4 1.5
Xinjiang 82,929 51.8 7.8 24.2

National total 1,765,222 184.7 14.1 21.7

Source: China’s National Bureau of Statistics, Statistical Yearbook of China, 2003.
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became responsible for most of the infra-
structure projects financed by bonds. Local
governments applying for expressway con-
struction projects are now required to raise
35 percent of the cost themselves from their
own revenue (including tolls) and by selling
bonds. The remaining 65 percent of the cost
is funded through bank loans. In the past,
banks were reluctant to provide loans for
road projects. Investment in roads, especially
in highways and expressways, has proved
to be beneficial in recent years, however.
Consequently, banks are now more eager to
fund road projects, especially in the eastern
region. In western China, the situation is
quite different. Highway and expressway
investments are less profitable. As fewer
cars use highways and expressways, local
governments cannot get enough revenue
from tolls to pay for road maintenance and
to repay principal and interest.

Table 3.4 shows the breakdown in high-
way investments by source of funds. Be-
tween 1998 and 2001, local governments
contributed the most to highway invest-
ments (88 percent), followed by the central
government (8.3 percent) and foreign capital
(3.8 percent). Two categories of funds make
up the lion’s share of highway investment:
domestic loans and self-raised funds by local
governments, which together accounted for
more than 80 percent of the total investment
in highways between 1998 and 2001.

The greater autonomy given to local
governments also contributed to widening
regional inequality as the capacity to raise
funds to finance infrastructure projects de-
pended on local government revenue (which
in turn depended on the level of local eco-
nomic activity) and the ability of local gov-
ernments to negotiate higher contributions
from the central government (Démurger
1999). The growing disparity in road provi-
sion across regions led the central govern-
ment to launch major road construction
projects in the central and western regions.
As a result, the share of highway investment
in eastern China declined from 54.8 percent
in 1998 to 45.2 percent in 2001, whereas the
corresponding shares in central and western
China increased from 45.1 percent to 54.9
percent (Table 3.5).
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Table 3.5 Regional shares of highway
investments

Year East Central West

(percent)
1998 54.8 23.9 21.2
1999 52.1 25.2 22.6
2000 49.2 26.8 24.0
2001 45.2 30.6 24.3
Average 50.0 26.8 23.1

Source: China highway transport statistics collection
(1998–2000).

Table 3.4 Highway funding by sources

Central government Local government

Year Total (1) (2) Total (3) (4) (5) Foreign capital

(percent)
1998 7.1 6.6 0.5 87.8 36.0 5.3 46.5 5.1
1999 6.7 5.9 0.8 89.7 36.3 4.9 48.6 3.6
2000 7.3 6.6 0.7 88.8 36.0 4.4 48.5 3.9
2001 12.0 8.9 3.1 85.1 40.7 3.6 40.9 2.9
Average 8.3 7.0 1.3 87.9 37.3 4.6 46.1 3.8

Source: China highway transport statistics collection (1998–2000).
Note: Numbers in the table represent the following variables: (1) ministry special funds; (2) central fiscal special

funds; (3) domestic loans; (4) local fiscal funds; and (5) self-raised funds and others.



C H A P T E R  4

Infrastructure Development and Poverty
Reduction: A Literature Survey

A large literature exists on the impact of road investments on economic growth and
poverty reduction. We classify this literature into three broad groups: (1) studies that
examine the relationship between road investments and economic growth; (2) studies

that look at the relationship between road investments and poverty alleviation; and (3) stud-
ies that focus on China. Whenever possible, we pay attention to studies that took into account
the quality of roads in the analysis.

Economic Growth and Road Investments
To assess formally the contribution of road investments to production growth, a number of
studies specify an aggregate production function that includes transportation infrastructure
among the set of explanatory variables. Antle (1983), for example, estimated a Cobb Douglas
production function for 47 developing countries and 19 developed countries. Infrastructure
was specified as the gross national output from the transportation and communication indus-
tries per square kilometer of land area. Antle found a strong and positive relationship between
the level of infrastructure and aggregate productivity. Ratner (1983), Binswanger et al. (1987),
Aschauer (1989), Binswanger, Khandker, and Rosenzweig (1989), Baffes and Shah (1993),
and Easterly and Rebelo (1993) also found transportation infrastructure was an effective fac-
tor of production.

There are several limitations to these studies. First, they do not take into account reverse
causality. Reverse causality occurs if income growth increases the demand for infrastructure.16

Ignoring reverse causality can lead to overestimation of the coefficients of the infrastructure
variable in the production function. A second problem with these studies is the failure to take
road quality into account. Road quality can vary greatly within a country, and different quality
roads can act in different ways. Failure to discriminate among types of roads can also lead to
biased estimates. The studies reviewed in the paragraphs that follow take these issues into con-
sideration either jointly or in isolation.

Causality and Rates of Return to Roads
The only study we found that explored the direction of the causal links between infrastructure
and productivity is that of Fernald (1999). Using data from 29 U.S. manufacturing industries

16For more information on reverse causality see Kessides (1993), World Bank (1994), and Canning and Ben-
nathan (2000).
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from 1953 to 1989, Fernald examined
whether road investments lead to productiv-
ity growth or whether productivity growth
entails greater road construction. His re-
search findings suggest causation from
roads to productivity, implying that the
productivity decline in U.S. manufacturing
after 1973 may have been a result of lower
public spending on road infrastructure. Fer-
nald’s study also suggests that the marginal
returns to road investments are not as high
as commonly thought, primarily because
road construction offers only a one-time
increase in the level of productivity rather
than a continuous series of impacts.

Using cointegration methods to circum-
vent reverse causality, Canning and Ben-
nathan (2000) estimated the rates of return
to paved roads for a panel of 41 countries
over the past four decades. Canning found
that the highest rates of return to road in-
frastructure occurred in countries with infra-
structure shortages. Canning also analyzed
whether physical capital, human capital,
labor, and other infrastructure variables are
complements or substitutes to roads. He
found that the length of paved roads is
highly correlated with physical and human
capital. However, he observed that the mar-
ginal return to roads declines rapidly if the
length of roads is increased in isolation from
other inputs. Canning concluded that infra-
structure investments are not sufficient by
themselves to yield large changes in output.
This finding is in line with that of Gannon
and Zhi (1997), who also concluded that
transport access is complementary to other
services such as health and education.

Studies by Fan et al. (2000, 2002, 2004)
in rural India, China, and Thailand also esti-
mate the effect of infrastructure investments
on economic growth and poverty. By esti-
mating a system of equations, these studies
explicitly account for the simultaneous ef-
fects of infrastructure investment in factor
and product markets. Results from these
studies consistently show the importance
of road investments in promoting produc-
tion growth and poverty reduction. In rural

India, public investment in rural roads was
found to have had the largest positive im-
pact on agricultural productivity growth
(Fan, Hazell, and Thorat 1999). In China
and Thailand, road investments were found
to have contributed significantly to growth
in non-farm and total economic growth as
well as to agricultural growth (Fan et al.
2002, 2004).

Explaining Productivity Differentials
Economic performance and income levels
often differ greatly between regions within
a country. Lagging regions (such as the
northwest of China and northeast of Brazil)
are commonly associated with poor infra-
structure, which isolates local populations
from educational, social, and economic op-
portunities and contributes to the rise of
poverty traps. Deichmann et al. (2000), Na-
garaj, Varoudakis, and Veganzones (2000),
and Stephan (2000) have investigated the
determinants of regional economic dispari-
ties. Nagaraj et al. (2000) assessed whether
differences in the availability of physical,
social, and economic infrastructure ex-
plained growth performance differentials
among 17 Indian states from 1970 to 1994.
Using instrumental variable estimation tech-
niques to account for reverse causality, they
found that a 10 percent increase in the road
network (defined as kilometers of road per
square kilometer of land) would lead to a
3.4 percent increase in income per capita.
They also found that power consumption and
health conditions are positively correlated
with the availability of road infrastructure.

Disparities in the productivity of manu-
facturing firms between the southern states
of Mexico and the rest of the country were
the focus of the study by Deichmann et al.
(2000). Specifically, Deichmann et al. aimed
to assess the importance of differences in
the quality of infrastructure in explaining pro-
ductivity differentials. To account for qual-
ity, the authors developed a market access
indicator defined as the size of the potential
markets that can be reached from a particu-
lar point given the density and quality of the
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transportation network within that region.
The econometric results presented in the
study show that a 10 percent increase in
market access increases labor productivity
by 6 percent.

Stephan also found that differences in
the level and quality of transportation infra-
structure are significant in explaining differ-
entials in regional economic performance.
He studied the effects of road infrastructure
on productivity for 21 French regions and
11 western German federal states and con-
cluded that regional road infrastructure has
a significant impact on regional output.

Access to Trade 
and Price Effects
The preceding studies have established
links between the availability of transpor-
tation infrastructure and differences in eco-
nomic performance among regions. Differ-
ences in regional economic performances
can also be partly explained by a country or
region’s ability to trade as a result of better
infrastructure. Limao and Venables (1999)
elaborated on how the presence or absence
of infrastructure influences access to trade.
They constructed an infrastructure index that
combines road, rail, and telecommunica-
tions densities. Using econometric methods,
Limao and Venables studied the determi-
nants of transportation costs. They showed
that infrastructure is a significant determi-
nant of transportation costs, and that when a
region is landlocked, transport costs can
increase by 50 percent. Using these findings
along with detailed data on trade and trans-
portation costs in Sub-Saharan Africa, they
calculated that most of Africa’s poor trade
performance is the result of weak infra-
structure. This finding concurs with similar
findings by Delgado et al. (1995).

The availability and quality of road in-
frastructure can also influence food prices.
Using survey data collected from itinerant
traders, Minten and Kyle (1999) analyzed
the causes of food price variation in Kin-

shasa, the capital of the former Zaire. They
paid particular attention to the impact of dis-
tance and road quality on food price behav-
ior and on the food collection system. Dif-
ferences in road quality were accounted for
by differentiating between paved roads and
dirt roads. They reached the following con-
clusions. First, variations in food prices are
significant across products and across re-
gions. Second, transportation costs explain
most of the differences in food prices among
producer regions. Third, road quality was an
important factor in determining transporta-
tion costs: transportation costs were on av-
erage two times greater on dirt roads than
on paved roads.

Impacts of Road
Investments on Poverty
The studies reviewed in the preceding sec-
tion highlight the importance of roads in
promoting economic growth and develop-
ment. However, few of them provided in-
formation on the distributional and poverty
impacts of road investments. To gain further
insights into how road investments affect
inequality and poverty reduction we turn
to evidence from more micro-level studies.
Most of the studies reviewed rely on analy-
sis of household survey data. We also draw
on evidence from project evaluation and
appraisal reports on road projects.

Non-Farm Employment 
and Income Diversification
Road investments can help the poor in a
number of ways, and one of the most im-
portant is through their impact on the rural
non-farm economy. For example, rural road
investments can promote the development
of small non-farm enterprises, which in turn
can increase the demand for rural labor.
Using a reduced-form estimation technique
and a panel dataset covering 85 districts in
India over the period 1961–81, Khandker
(1989) found that government investment in
roads had a positive effect on crop output,
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rural non-farm employment, and agricul-
tural wages, all of which were beneficial to
the poor. Malmberg, Ryan, and Pouliquen
(1997), Escobal (2001), and Fan and Rao
(2002) have also explored the impact of
roads on non-farm employment and the
consequences for the poor. Malmberg et al.
(1997) found that infrastructure investments
contribute to economic growth in both farm
and non-farm sectors, generating economic
opportunities for the rural population in
general, including the poor. Likewise, Fan
and Rao (2002) concluded that non-farm
employment became increasingly important
in helping the poor during the post–green
revolution period in many Asian countries.
One of the consequences of greater non-
farm employment is income diversification.
Escobal (2001) established the link between
roads and income diversification. He ana-
lyzed the determinants of rural household
decisions to undertake off-farm activities in
rural Peru. Using a Tobit doubled-censored
estimation, Escobal showed that access to
roads, along with other public assets such as
rural electrification and education, is a sig-
nificant determinant of income diversifica-
tion. He also found that access to roads and
other public assets raises the profitability of
both farm and non-farm activities, but espe-
cially the latter.

Notwithstanding the positive economic
impact of road infrastructure development
in promoting the rural non-farm economy,
the increasing importance of the rural non-
farm sector is seen by many as a signifi-
cant source of income inequality. Benjamin
and Brandt (1999), for instance, ascribed
off-farm employment as a main source of
income inequality among households in
northeast China. Similar findings were
reached by Tsui (1991), Hussain, Lanjouw,
and Stern (1994), Rozelle (1994), and Khan
and Riskin (2001). Thus, the beneficial ef-
fect that non-farm activities have on rural
income growth and poverty reduction may
be offset by increasing inequality of income
distribution.

Determinants of Poverty
Dercon and Krishnan (1998) and Kwon
(2001) investigated the role of roads as one
of several factors contributing to changes
in the incidence of poverty. Kwon sought
to identify the factors that contributed to
the decline of poverty in 25 Indonesian
provinces between 1976 and 1996. Her
study showed that provinces with adequate
road services were more likely to receive
better irrigation services and produce more
crops. People in these provinces seemed to
have more job opportunities in the non-farm
sector, either because they had easier access
to labor markets or had more jobs available
to them in the region. Using ordinary least-
squares (OLS) and an instrumental variable
estimation technique, Kwon found that roads
have a significant impact on poverty allevi-
ation. Her results also show that the impact
of roads was greater in provinces with good
access to roads than in provinces with
poor access to roads.

Dercon and Krishnan (1998) used house-
hold data collected in rural Ethiopia in 1989,
1994, and 1995 to examine changes in
poverty levels and to assess the factors driv-
ing the changes. By decomposing changes
in poverty by subgroups of the population,
they found that households with greater
human and physical capital and with better
access to roads had lower poverty levels.
Dercon and Krishnan also noted that these
factors reduce fluctuations in poverty over
different seasons.

The Distribution of Benefits from
Rural Roads
The studies reviewed in the preceding sec-
tion confirm the importance of roads in
poverty alleviation. However, the size and
nature of the poverty effects and the dis-
tributional consequences remain unclear. In
a rare study on this issue, Jacoby (2000)
analyzed the distributional effects of rural
roads in Nepal using household survey data.
Jacoby developed a method for estimating
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benefits from road projects to households
by assuming that lower transportation costs
from better roads will be reflected in wages
and farmland values. Based on these as-
sumptions, Jacoby calculated the benefit
that accrued to each household from a hy-
pothetical road project and examined the
distribution of these benefits across income
classes. Using econometric estimation tech-
niques, he found that providing improved
road access to markets would generate sub-
stantial total benefits, a large share of which
would be captured by poorer households.
However, the benefits would not be large
enough or targeted enough to significantly
reduce income inequality.

Relying on a sample of 129 villages in
Bangladesh, Ahmed and Hossain (1990)
sought to estimate the impact of rehabili-
tated rural infrastructure. The authors estab-
lished a strong positive effect of infrastruc-
ture on the incomes of the poor. Villages with
better road access were significantly better
off. For example, the use of fertilizer was
92 percent higher in these villages than in
those with poorer infrastructure facilities.
Ahmed and Hossain estimated that infra-
structure endowment increased household
income by 33 percent, almost doubled
wages, and increased income from business
and industries by 17 percent. In sum, better
infrastructure was associated with greater
agricultural output, higher incomes, better
indicators of access to health services, and
greater wage income opportunities. The
authors concluded that the development of
rural infrastructure has important implica-
tions for the alleviation of poverty.

To assess how road investments benefit
the poor, Songco (2002) surveyed the im-
pacts of rural infrastructure investments on
household welfare. In addition to a literature
review, Songco conducted a field survey in
two provinces of the Central Highlands re-
gion of Vietnam to assess how poor house-
holds perceived benefits from upgrading
low-grade roads to year-round access. The
benefits identified by households and by

local authorities are numerous and include
improved mobility, reductions in the price
of goods, and the elimination of health haz-
ards from dusty roads. Moreover, Songco
noted that for the poorest households the
perceived impacts are mostly social (such
as year-round access to school for children)
rather than economic benefits. The rural
poor acknowledged the importance of road
improvements but indicated that interven-
tions in other areas such as expanded credit
opportunities are also important for improv-
ing household welfare. Songco cautioned
that these results are specific to the Central
Highlands of Vietnam and should not be
extrapolated to other regions.

Another study that assessed the impact
of a specific road project was undertaken by
Khandker, Levy, and Filmer (1994). They
reviewed the impact of a road project fi-
nanced by the World Bank in Morocco and
found increases had occurred in agricultural
production and land productivity as well as
in the use of agricultural inputs and exten-
sion services. The road project also led to a
shift toward the production of high-value
crops and an increase in off-farm employ-
ment opportunities. On the social front,
benefits included improvements in access to
health services and increased attendance at
schools.

As discussed in Riverson, Gaviria, and
Thriscutt (1991), Fishbein (2001), and Ma-
hapa and Mashiri (2001), rural road projects
do not always improve the well-being of
local communities and help the poor. Ma-
hapa and Mashiri assessed the impact of a
road upgrading project in the village of
Tshitwe in the Northern Province of South
Africa. They surveyed about 140 house-
holds and found that the road improvement
project was not cost efficient and failed to
improve land productivity, off-farm employ-
ment, or to shorten the travel time to reach
markets and other socioeconomic services.
Mahapa and Mashiri also noted that road
maintenance was neglected, as people did
not receive the necessary training. Fishbein,
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in his review of the role of rural infrastruc-
ture in Africa’s rural transformation process,
found that the use of public funds has been
inefficient and has left many people without
basic access to roads. Riverson et al. re-
viewed 127 World Bank projects that in-
volved rural roads in Sub-Saharan Africa.
They found that the approaches used for
planning and evaluation of rural roads had
not paid sufficient attention to maintenance
and had not fostered community partici-
pation. They also found that institutional
problems were endemic to rural road proj-
ects. On the basis of these findings, Mahapa
and Mashiri, Fishbein, and Riverson et al.
stressed the importance of targeting interven-
tions to local conditions as well as obtaining
the participation of local communities for
increasing the success of road projects. Howe
(1981, 1997), Howe and Richards (1984),
and Van de Walle (2000) reached similar
conclusions.

Robinson (2001) pointed out that tar-
geting and involving local communities in
rural road projects—or decentralizing—is
not always successful. Drawing on the lit-
erature and on field surveys in Nepal,
Uganda, and Zambia, Robinson studied the
effect of decentralizing transportation in
developing countries. He found a number of
constraints to successful devolution, includ-
ing the lack of local government powers to
exercise political influence, insufficient fi-
nancial resources, and lack of management
capability. He also found little evidence that
existing decentralized systems address the
needs of the rural poor. Robinson concluded
that increased participation of the poor in
the planning, financing, and implementation
processes is important. Devres (1981), in a
comprehensive survey of the literature on
the socioeconomic and environmental im-
pact of roads in developing countries, found
that the larger and wealthier farmers are
more likely to take advantage of new inputs,
better technology, and extension services,
and to respond to new market opportunities
following road improvements.

Impact of Road 
Investments in China
The literature on the impact of road invest-
ments on economic growth and poverty
reduction in China is comparatively sparse.
Using provincial level data, Démurger
(1999) and Felloni et al. (2001) assessed the
consequences of infrastructure investments
on production and productivity in China.
Démurger emphasized the role of infra-
structure endowments—that is, the length
of railways, roads, and inland waterways per
square kilometer of land—to explain growth
performance differentials across provinces.
Démurger’s econometric results showed that
cross-sectional differences in transportation
infrastructure contribute significantly to the
observed variation in growth performance
among provinces. She also found a concave
relationship between infrastructure endow-
ment and economic growth. This suggests
that expanding the transportation network
will promote economic development in
provinces with poor infrastructure endow-
ment. On the other hand, upgrading or im-
proving the quality of infrastructure may be
more suitable for provinces with better trans-
portation infrastructure. Hence, Démurger
concluded that policies supporting infra-
structure improvements could have substan-
tial impacts in reducing disparities in the
level of per capita income among Chinese
provinces.

While Démurger assessed the overall
economic impact of roads, Felloni et al.
focused on the agricultural sector. Echoing
Démurger’s findings, Felloni et al. (2001)
showed that the density of roads per hectare
of agricultural land has a significant and
positive effect on agricultural production and
on land and labor productivity. Given that
roads and energy are central to technology
diffusion and production intensification and
for facilitating access to the input and output
markets, Felloni et al. argued that the avail-
ability of roads and electricity is crucial to
the modernization of Chinese agriculture.
These two studies, however, fail to consider
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the impact of road investments on poverty
reduction as well as the simultaneous ef-
fects of infrastructure investments on factor
and product markets.

Fan et al. (2002) take a more compre-
hensive approach to the problem. Using a
model consisting of a system of equations to
account for endogeneities, Fan et al. quan-
tify the effects of rural infrastructure on
growth and poverty reduction in rural China
between 1970 and 1997. The authors found
that public investments in roads, together
with investments in education and agricul-
tural research, helped to reduce rural pov-
erty and regional inequality. Investments in
roads also contributed to growth in agricul-
tural production.

In contrast to the preceding studies, Lin
and Song (2002) focused on the urban sec-
tor. Using data for 189 Chinese cities from
1991 to 1998, they found that an increase in
paved roads is positively and significantly
related to growth in GDP per capita in urban
areas. Benziger (1996) provides interesting
evidence on the linkages between the urban
and rural sectors. Benziger tested whether
greater access to infrastructure and to urban
markets increases the intensity of input use
and productivity in the rural sector in the
province of Hebei. His econometric results
show that road density and distance to the
nearest city positively affect the use of
fertilizer per unit of land, machinery per
worker, and land and labor productivity.

Very little literature is available in Chi-
nese on the impact of road investments in
China. The impact of highway construction
in China was the topic of investigations by
Zhu (1990) and Liu (1999). Zhu observed
that different phases of a highway project
have different impacts. The construction
period not only creates tremendous work
opportunities, but also improves the skill of
local people employed on the project. In
the post-construction period, Zhu found that

highways promote the development of goods
production in poor regions, increase the
volume of trade, reduce transportation costs,
and improve social services. Liu reported the
findings of a study on the macroeconomic
impact of highway investment. Highway
construction was found to have significant
impacts on the economy by promoting em-
ployment and increasing farm incomes: for
every 100 million yuan invested in high-
ways, total output increased by 300 million
yuan and created 7,000 jobs in the highway
construction sector and related industries. On
the other hand, Zhou (2001) showed that
corruption in China acts to reduce the eco-
nomic efficiency of public investments.

Summary
Despite differences in methodology, in re-
search objectives, and in temporal and spa-
tial coverage, the reviewed studies generally
support the hypothesis of favorable impacts
of roads on production and productivity,
as well as on poverty alleviation. They also
suggest that road investments can contribute
to spatial inequities among regions. How-
ever, our survey also reveals several short-
comings in the literature, especially in its
relevance to China. First, most studies fo-
cused on rural poverty. Until the early 1990s,
poverty in China was considered largely a
rural phenomenon and the rural poor were
the focus of anti-poverty policies. Urban
poverty became part of the political agenda
only in the past decade as China shifted to
a market economy and enjoyed rapid eco-
nomic development. Second, nearly all the
reviewed studies failed to take into account
road quality in their specification. While the
total length or density of road is a useful in-
dicator of the road infrastructure available
in a country, it is important to account for
quality as different types of roads can have
different economic returns and different im-
pacts on poverty.
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C H A P T E R  5

Conceptual Framework and Model

Our conceptual framework is formulated to test the hypothesis that infrastructure in-
vestments in China promote economic development and growth and help reduce
poverty. Poor residents in urban areas are hypothesized to benefit from increased em-

ployment opportunities and higher wages brought about by economic growth. Infrastructure
investments in rural areas are hypothesized to affect poverty through various channels.17 In-
frastructure investment increases agricultural productivity, which in turn directly increases
farm incomes and helps reduce rural poverty. Higher agricultural productivity also helps to
lower rural poverty by increasing agricultural wages and improving non-farm employment
opportunities. Moreover, improved agricultural productivity often leads to lower food prices,
which helps the poor since they are typically net buyers of foods. In addition to their produc-
tivity impact, infrastructure investments directly increase rural wages, non-farm employment,
and migration to urban or other rural regions. Understanding these different pathways can lead
to useful policy insights for improving the effectiveness of government investments designed
to promote growth and reduce poverty.

The Model
To systematically assess the impact of different types of public investment and different
qualities of roads on both growth and poverty reduction, we developed a multi-equation
model based on Fan et al. (2002). The first equation is an economy-wide labor productivity
function18:

GDPL = f(KSL, SCHY, ROAD1T, ROAD2T), (1)

where GDPL is the gross domestic product per worker measured in 1980 prices and KSL is
capital stock per worker.19 The variable SCHY is average years of schooling of the general
population 15 years or older. To capture the impact of different types of roads, we use
ROAD1T to represent the higher-quality roads per worker, that is, sum of length of express-
way and class 1 and class 2 roads divided by the total number of workers, and ROAD2T to
represent lower-quality roads, that is, sum of length of class 3, class 4, and substandard roads

17For more details see Fan et al. (2002).

18For definitions of variables used, refer to Table 6.1.

19The employment data are based on labor force surveys and represent employment by principal occupational cat-
egory. Ideally, the actual labor inputs for various sectors should be used as a person can engage in multiple oc-
cupations, especially in rural areas. Unfortunately, these data are not readily available.
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divided by total number of workers. To con-
trol for other factors not included in the
equation, both year and provincial dummies
are added.20

The second, third, and fourth equations
represent labor productivity in urban, agri-
cultural, and rural non-farm sectors. Agri-
cultural labor productivity and non-farm
labor productivity are functions of inputs
as well as infrastructure and other public
investment variables. Similarly, urban labor
productivity growth is modeled as a func-
tion of urban inputs (labor and capital), infra-
structure development, education, and other
public investment variables in the urban
sector. Different types of roads (by class)
are included as separate variables in the
production functions:

UGDPL = f (UKSL, USCHY,
ROAD1U, ROAD2U) (2)

AGDPL = f (LANDP, FERTP, 
MACHP, RDS, 
IRRIP, RSCHY, 
RTRP, RELECP, 
ROAD1A, ROAD2A) (3)

NFGDPL = f (NFKSL, RSCHY,
ROAD1NF, 
ROAD2NF), (4)

where UGDPL, AGDPL, and NFGDPL are
labor productivity in urban, agricultural, and
rural non-farm sectors, respectively; UKSL
and NFKSL are capital stocks in the urban

and rural non-farm sectors, respectively;
RSCHY and USCHY are average years of
schooling for rural and urban residents,
respectively. LANDP, FERTP, MACHP,
RELECP, RTRP, and RDSP are land input,
fertilizer use, machinery input, rural elec-
tricity consumption, number of rural tele-
phone sets, and agricultural research (mea-
sured in stock terms) all expressed on a per
agricultural laborer basis. IRRIP is the
percentage of arable land under irrigation.
ROAD1U and ROAD2U are the lengths
of high- and low-quality roads per worker,
respectively, in the urban sector; ROAD1A
and ROAD2A are the lengths of high- and
low-quality roads per worker, respectively,
in the agricultural sector; and ROAD1NF
and ROAD2NF are the length of high- and
low-quality roads per worker, respectively,
in the rural non-farm sector.

Agricultural prices are modeled as a
function of agricultural GDP per worker
(supply-side factor), and urban GDP per
worker (demand-side factor):

APRICE = f(AGDPL, UGDPL), (5)

where APRICE are real agricultural prices
deflated by consumer price index. A world
or border price variable is not included
because China’s food staple markets were
closed during most of the time period of
analysis.21

The next two equations model the deter-
minants of rural and urban poverty.22 The
urban poverty equation is a function of labor
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20Canning and Bennathan (2000) argued that a reverse causality may exist between GDP growth and infrastruc-
ture development. We followed Canning’s approach by using one lead and two lags of differences of indepen-
dent variables (KSL, ROAD1T, ROAD2T, and SCHY). Only the capital variable shows a strong reverse causal-
ity (i.e., the coefficients of one lead and two lags are significant). This may be due to the fact that region and year
dummies may have wiped out the potential endogeneity effect.

21When a border price variable was included, it proved to be statistically insignificant.

22We also used a specification similar to that of Fan et al. (2002). That is, we estimated the poverty equation as
a function of growth in agricultural labor productivity, rural wages, the percentage of rural non-farm employment,
and the terms of trade of agricultural prices relative to non-agricultural prices. Agricultural labor productivity,
rural wages, and non-farm employment are modeled as functions of public investment variables such as educa-
tion, infrastructure, and agricultural R&D, together with other variables. The current specification allows us to
calculate the economic returns and poverty reduction impact in both rural and urban sectors.



productivity in the urban sector, the Gini
coefficient of income distribution of urban
residents, and the agricultural terms of trade,
controlling for other factors. Rural poverty
is modeled as a function of growth in agri-
cultural productivity, non-farm labor pro-
ductivity, urbanization, and the agricultural
terms of trade:

UPOVERTY = f (UGDPL, UGINI,
APRICE) (6)

RPOVERTY = f (AGDPL, 
NFGDPL, APRICE,
URBANP), (7)

where RPOVERTY and UPOVERTY are
rural and urban poverty measured as the
percentage of the relevant population under
the poverty line, URBANP is the percentage
of urban people in the total population, and
UGINI is the urban Gini coefficient of per
capita expenditure.23

Marginal Impact
The marginal impact of roads on growth in
GDP, agricultural GDP, and urban GDP can
be derived as:

dGDP/dROADS =
∂GDPL/∂ROADSL (8)

dUGDP/dROADS =
∂UGDPL/∂ROADSUL (9)

dAGDPL/dROADS =
∂AGDPL/∂ROADSAL (10)

dNFGDP/dROADS =
∂NFGDPL/∂ROADSNFL. (11)

Here ROADSL can be either high or low
quality of roads. The coefficient of the length

of roads per worker in the labor produc-
tivity function is the same as the coefficient
of the length of roads in the GDP function
when constant returns to scale are assumed.
The marginal return per unit of length of
roads is simply dGDP/dROADS* (GDP/
ROADS).

Similarly, the marginal impact of roads
on rural poverty can be derived as

dRPOVERTY/dROADS =
(∂RPOVERTY/∂AGDP)

(∂AGDP/∂ROADS)
+ (∂RPOVERTY/∂NFGDP)

(∂NFGDP/∂ROADS)
+ (∂RPOVERTY/∂APRICE) 

(∂APRICE/∂AGDP)
(∂AGDP/∂ROADS) (12)

The first term on the right-hand side
measures the impact of agricultural growth
on rural poverty reduction while the second
term captures the impact on rural poverty of
improvements in rural non-farm GDP re-
sulting from investment in roads.24 The last
term measures the impact on poverty result-
ing from changes in agricultural prices in-
duced by increased agricultural production.

The marginal impact of improved roads
on urban poverty is derived as

dUPOVERTY/dROADS =
(∂UPOVERTY/∂UGDPP)

(∂UGDPP/∂ROADS) +
(∂UPOVERTY/∂APRICE) 

(∂APRICE/∂AGDPP) 
(∂AGDPP/∂ROADS). (13)

The first term of equation (13) is the
impact of improved roads on urban poverty
through urban growth. The second term cap-
tures the impact on urban poverty of lowered
food or agricultural prices from increased
production induced by road investments.
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23Ideally, the rural Gini coefficient should also be included in the rural poverty equation, but the data on such a
measure are available only for two years and for selected provinces as estimated by Khan and Riskin (2001). The
inclusion of both agricultural and non-agricultural GDP per labor may help to alleviate the problem to some extent.

24The terms are separated by “+.”



C H A P T E R  6

Data, Model Estimation, and Results

Data

T he sources of the data used in this study are, unless otherwise indicated, official publi-
cations by the Chinese statistical agency, the National Bureau of Statistics. Most
labor, capital, public expenditures, education, and infrastructure variables are available

annually at the provincial level from the 1950s to 2003. But poverty data at the provincial level
are available only for selected years in the 1980s and 1990s. Therefore, certain statistical pro-
cedures and estimation techniques have to be used to fill data gaps and maximize the estima-
tion efficiency.

Rural Poverty
There are several estimates of rural poverty in China. Official statistics indicate that the num-
ber of poor declined to about 30 million by 2000 (MOA, China Agricultural Development
Report 2001). A second source is the estimates from the World Bank (World Bank 2000),
which are similar to China’s official statistics. A third set of estimates, based on a much higher
poverty line (Ravallion and Chen 1997), shows a far greater proportion of the total population
subject to poverty, with a poverty incidence of 60 percent in 1978 and 22 percent in 1995.
However, the declining trend of rural poverty in this last set of estimates is steeper than that
in the official Chinese statistics. Finally, Khan (1997), using samples of the national household
survey, obtained 35.1 percent for 1988 and 28.6 percent for 1995.25 Although these poverty
rates are higher than the official rates, they confirm the declining trend shown in the official
statistics.

Xian and Sheng (2001) provide the most recent estimates of rural poverty by province
using a more rigorous approach. They used a poverty line of 860 yuan in terms of per capita
consumption for 1998, which is actually higher than the US$1.00 per day poverty line crite-
rion commonly used by the World Bank.26

We use provincial level poverty data from official sources. Few scholars have reported
their estimates by province. Khan estimated provincial poverty indicators (both headcount
ratio and poverty gap index) for 1988 and 1995 using the household survey data. To test the
sensitivity of our estimated results, we first used both official statistics and Khan’s estimates.

25The dataset included 10,258 rural households in 1998 and 7,998 in 1995.

26This is equivalent to US$1.15 per day measured in purchasing power parity.
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We obtained similar results largely because
the two sets of poverty figures share similar
trends. Our final results are based on the
official data simply because poverty data
by province are available for more years,
specifically from 1985 to 1989, and for 1991
and 1996.

Urban Poverty
The urban poverty and income variables
were constructed by Fan, Fang, and Zhang
(2001b) from China’s urban household
survey, which is conducted annually by the
National Bureau of Statistics to monitor
changes in urban household expenditures
and consumption. A total of 40,000–50,000
households were surveyed annually between
1992 and 1998. We were able to access up
to 10 percent of the total sample, taken from
one representative city in each province.

To obtain appropriate poverty measures,
we first had to convert our chosen poverty
lines (US$1.00, 1.50, and 2.00 per capita per
day, measured in 1985 purchasing power
parity [PPP]) into local currency at nominal
prices. To do this, we first converted the
poverty line from 1985 PPP dollars into
Chinese currency based on the 1985 PPP
exchange rate. Then we used the Chinese
consumer price index to calculate the na-
tional poverty lines at current prices. Finally,
provincial level poverty lines were calcu-
lated by adjusting for differences in the cost
of living by province.

To measure urban poverty, we used the
percentage of the urban population falling
below the chosen poverty line measured in
1985 PPP. There are good reasons to use a
higher poverty line when measuring urban
poverty. One prominent reason is the much

higher cost of living for urban than for rural
residents. Consequently, in this study we use
poverty lines of US$1.50 and US$2.00 per
capita per day. This leads to significant in-
creases in the estimated number of urban
poor in 1998, from 6.32 million when using
the US$1.00 poverty line to 27.17 million
and 60.04 million, respectively, when using
the US$1.50 and US$2.00 poverty lines.

One important characteristic of the urban
poor in China is the high share of total con-
sumption expenditure spent on food. If the
US$2.00 per capita per day poverty line is
used, then the urban poor spent about 58
percent of their total expenditures on food
in 1998 compared to 50 percent for the av-
erage urban population. Clearly, the urban
poor would suffer the most from higher food
prices.

Agricultural and
Non-Agricultural GDP
Both nominal GDP and real GDP growth in-
dices for various sectors are available from
The Gross Domestic Product of China (SSB
1997a).27 Data sources and construction of
national GDP estimates were also published
by the State Statistical Bureau in Calcula-
tion and Methods of China’s Annual GDP
(SSB 1997b). According to this publication,
the SSB used the United Nations standard
System of National Accounts definitions
to estimate GDP for 29 provinces for three
economic sectors (primary, secondary, and
tertiary) in mainland China for the period
1952–95. Since 1995, the China Statistical
Yearbook has published GDP data every
year for each province for the same three
sectors. Both nominal and real growth rates
are available from SSB publications.
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27There have been numerous debates about the accuracy of GDP measures in China. Rawski (2001) claimed that
China’s GDP growth rate has been overestimated by a large amount. For example, between 1997 and 1998, the
official statistics reported a 7 percent growth, while Rawski claimed only a 2 percent growth. However, many
Chinese scholars rebuffed his assertion. In recent years, the consensus has been that China’s GDP may have been
overestimated, but the magnitude of overestimation is only around 1–2 percent per annum. The objective of this
study is not to resolve this debate. The regional and year dummies added in our regression may have largely re-
duced the potential bias on our estimated parameters.



The implicit GDP deflators by province
for the three sectors are estimated by divid-
ing nominal GDP by real GDP. These defla-
tors are then used to deflate nominal GDP
for rural industry and services to obtain their
GDP in real terms.

Labor
Labor input data for the primary, secondary,
and tertiary sectors at the provincial level
after 1989 can be found in SSB’s Statistical
Yearbook (various issues), while provincial
labor data prior to 1989 are available in SSB
(1990). Labor is measured in stock terms as
the number of persons at the end of each
year. For rural industry and services, prior to
1984, labor input data at the township and
village level, but not at the individual house-
hold level, are available in SSB’s China
Rural Statistical Yearbook. The omission of
individual-household, non-farm employment
data will not cause serious problems, as the
share of this category in rural employment
was minimal prior to 1984. Urban industry
labor is estimated by subtracting rural in-
dustry labor from total industry labor, and
urban service labor is similarly estimated as
total service labor net of rural service labor.
The labor input for the non-farm sector is
calculated simply by subtracting agricultural
labor from total rural labor.

Capital Stock
Capital stocks for the agricultural and non-
agricultural sectors in rural areas are calcu-
lated from data on gross capital formation
and annual fixed asset investment. The SSB
(1997a) published data on gross capital for-
mation by province for our three sectors
after 1978. Gross capital formation is de-
fined as the value of fixed assets and inven-
tory acquired minus the value of fixed assets
and inventory disposed. To construct a cap-
ital stock series from data on capital forma-
tion, we define the capital stock in time t as
the stock in time t – 1 plus investment minus
depreciation:

Kt = It + (1 – δ)Kt–1, (14)

where Kt is the capital stock in year t, It

is gross capital formation in year t, and δ
is the depreciation rate. China Statistical
Yearbook (SSB 1995) reports the depreci-
ation rate of fixed assets of state-owned
enterprises for industry, railways, commu-
nications, commerce, and grain for the
period 1952–92. We use the rates for grain
and commerce for agriculture and services,
respectively. After 1992, the SSB ceased to
report official depreciation rates. For the
years after 1992 we used the 1992 depreci-
ation rates.

To obtain initial values for the capital
stock, we used a procedure similar to Kohli
(1982). That is, we assume that prior to
1978 real investment grew at a steady rate
(r), which is assumed to be the same as the
rate of growth of real GDP from 1952 to
1977. Thus,

I1978K1978 = ———. (15)
(δ + r)

This approach ensures that the 1978
value of the capital stock is independent
of the 1978–95 data used in our analysis.
Moreover, given the relatively small capital
stock in 1978 and the high levels of invest-
ment, the estimates for later years are not
sensitive to the 1978 benchmark value of
the capital stock.

To obtain the capital stock for the urban
industrial sector, capital stock for rural indus-
try is subtracted from the total industry cap-
ital stock (or secondary industry as classified
by the SSB). Similarly, the capital stock for
rural services is subtracted from the ag-
gregate service sector (or tertiary sector as
classified by the SSB) to obtain the capital
stock for the urban service sector. Finally,
the capital stock for rural enterprises is the
sum of capital stocks for rural industry and
services.

Prior to constructing capital stocks for
each sector, annual data on capital formation
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and fixed asset investment were deflated
by a capital investment deflator. The SSB
began to publish provincial price indices for
fixed asset investment in 1987. For years
prior to 1987, we use the national price
index of construction materials to proxy the
capital investment deflator.

Roads
Based on the expected use, function, and the
number of vehicles passed per day, high-
ways are classified into five categories: ex-
pressways and class 1 to class 4 highways.
Expressways can be classified into four-
lane, six-lane, and eight-lane expressways,
with associated increases in their vehicle
carrying capacity. The designed carrying
capacities for expressways are designated as
follows: 25,000–55,000 minibuses or their
equivalent per 24 hours for four-lane ex-
pressways; 45,000–80,000 minibus equiva-
lents per 24 hours for six-lane expressways;
and 60,000–100,000 minibus equivalents
per 24 hours for eight-lane expressways.
Other highways typically have two lanes
and are classified by class with the follow-
ing designed capacities: 15,000–30,000
minibus equivalents per 24 hours for class 1
highways; 3,000–7,500 minibus equivalents
for class 2 highways; 1500–3000 minibus
equivalents per 24 hours for class 3 high-
ways; and fewer than 1,500 minibus equiv-
alents per 24 hours for double lanes, or
fewer than 200 minibus equivalents for
single lanes for class 4 roads.

Substandard roads are usually rural roads
connecting counties with towns and those
connecting towns and villages. They are
often not paved but are usually passable
even when raining.

The designed length of life for roads
also varies by type of road. For expressways
and class 1 roads, the designed life is usu-
ally 20 years; for class 2 roads, 15 years; and
for class 3 and class 4 roads, 10 years. Sub-
standard roads normally have a lifespan of
less than 10 years.

Agricultural Research and
Development Expenditure
Public investment in agricultural research
and development (R&D) is accounted for
in the total national science and technology
budget. Several government agencies invest
in agricultural R&D. Science and technology
commissions at different levels of govern-
ment allocate funds to national, provincial,
and prefectural institutes, primarily as core
support. Institutes use these funds mainly to
cover researchers’ salaries, benefits, and
administrative expenses. Project funds come
primarily from other sources, including de-
partments of agriculture, research founda-
tions, and international donors. Recently,
revenues generated from commercial ac-
tivities (development income) became an
important source of revenue for research in-
stitutes. The research expenditures reported
in this study include only those expenses
used to directly support agricultural research.
The data reported here are from Fan and
Pardey (1997) and various publications from
the Government Science and Technology
Commission and the State Statistical Bureau.
Research expenditures and personnel num-
bers include those from research institutions
at national, provincial, and prefectural levels,
as well as agricultural universities (only the
research part).

When calculating returns to R&D in-
vestment, expenditures on agricultural re-
search as well as extension at the national
and subnational levels are used as total
R&D spending. This implicitly assumes that
research conducted at the national level af-
fects each province’s production in propor-
tion to the province’s research expenditures,
and the impact of extension conducted in
each province is proportional to the prov-
ince’s extension expenditures.

Education
We use the percentage of population with
different education levels to calculate the
average years of schooling as our education
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variable, assuming 0 years for a person
who is illiterate or semi-illiterate, 5 years
for primary school education, 8 years for a
junior high school education, 12 years for
a high-school education, 13 years for a pro-
fessional-school education, and 16 years for
college and above education. The popula-
tion census and the Ministry of Education
report education levels by province for indi-
viduals older than age 7.

Rural Electricity
Total rural electricity consumption data for
both production and residential uses by
province from 1970 to 2002 are available in
various issues of SSB’s China Rural Statis-
tical Yearbook and MOA’s China Agricul-
tural Yearbook. In more recent years, the
China Rural Energy Yearbook (MOA 1995–
2003) began publishing the use of electric-
ity separately for residential and production
purposes by province. We use this newly
available information to backcast the differ-
ent uses by province for earlier years.

Rural Telephones
The number of rural telephones is used as a
proxy for the development of rural tele-
communications. The number of rural
telephones by province is published in var-
ious issues of China Rural Statistical Year-
book (SSB), the China Statistical Yearbook
(SSB), and the China Transportation Year-
book (Ministry of Transportation).

Model Estimation
We used double-log functional forms for all
equations in the system. More flexible func-

tional forms such as the translog or quad-
ratic impose fewer restrictions on the esti-
mated parameters, but many interaction
coefficients are not statistically significant
because of multicollinearity problems. Model
estimates also proved sensitive to slight al-
terations in the sample period or to deletion
of non-significant variables. The use of a
double-log functional form was deemed
preferable, as it imposes some restrictions
on the parameters and reduces the number of
parameters to be estimated. This increases
the number of degrees of freedom available
and the reliability of the estimated coeffi-
cients.28 Regional dummies were added to
all equations to capture fixed effects arising
from regional differences in agroclimatic
and social economic factors. Year dummies
were also added to control for any macro-
economic polices that may have had similar
impacts on each region.

The literature review in the previous
section indicates that if reverse causality is
not considered then the effects of road in-
vestment may be overstated. Fan, Hazell, and
Thorat (2000) used a difference approach,
that is, taking first differences for all vari-
ables before estimation, to minimize any
potential bias from reverse causality in their
study on India. However, the first difference
approach may eliminate all long-term rela-
tionships between public capital and eco-
nomic growth. In their study on China, Fan
et al. (2002) used the level approach to pre-
serve the long-term relationship between
investment and growth. They minimize
potential bias by estimating an equation sys-
tem in which they endogenize the public
capital variables. Furthermore, they argued
that public capital variables used in the pro-
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28Fuss, McFadden, and Mundlak (1978) argue that functional forms chosen should satisfy the following criteria:
(1) the functional forms should contain no more parameters than are necessary to agree with the maintained hy-
potheses; (2) the parameters should have intrinsic and intuitive economic interpretations, and a functional structure;
(3) the trade-off between the computational requirements of a functional form and the roughness of empirical analy-
sis should be weighted carefully in the choice of a model; (4) the chosen functional form should be well behaved,
and should be consistent with such maintained hypotheses as positive marginal products or convexity, within the
range of observed data; and finally (5) the functional form should be compatible with the maintained hypothesis out-
side the range of the observed data. The double-log function seems reasonable when judged against these criteria.



duction function are usually the results of
past investments over many years while
output or productivity is a function of the
current capital stock. Therefore, the reverse
causality should not exist unless investors
or policymakers make their decisions based
on the growth potential of each region.
However, regional dummies included in the
model should minimize the potential bias
from this regional targeting.29

Equations (1) to (7) form a recursive
system. Since there are non-zeros for some
off-diagonal terms, a systems approach to
estimation is still needed. As rural poverty
data are available only for seven years at the
provincial level (1985–89, 1991, and 1996)
and urban poverty data are available at the
provincial level only for 1992 to 1998, a two-
step procedure was used in estimating the
full equations system. The first step involved
estimating all the equations except for the
poverty equations using the provincial-level
data from 1982 to 1999 with a full informa-
tion likelihood estimation technique. Then
the values of the independent variables in
both the rural and urban poverty equations
at the provincial level were predicted using
the estimated parameters. In the second step,
we estimated the rural and urban poverty
equations using the predicted values of the
independent variables at the provincial level
based on the available poverty data. The
advantage of this procedure is that it fully
uses the information available for all the
non-poverty equations, thereby increasing
the reliability and efficiency of the estimates
and avoiding endogeneity problems that can
arise with the poverty equations.

Estimation Results
Table 6.1 summarizes variable definitions
and Table 6.2 presents the estimated equa-

tions. In this section and thereafter we use
low-quality roads and rural roads inter-
changeably, as low-quality roads are found
mainly in rural areas. Similarly, we use
high-quality roads and urban roads inter-
changeably.

The results for equation (1) (GDP per
worker) show that the capital stock and
human and infrastructure investments are
all statistically significant in determining
China’s overall labor productivity. Both
types of roads, high- and low-quality, are
statistically significant with elasticities of
0.036 and 0.165, respectively. This means
that for each 1 percent increase in high-
quality roads, the GDP per worker will grow
by 0.036 percent, while for every 1 percent
increase in low-quality roads, the GDP per
worker will grow by 0.165 percent.

The results for equation (2) show that
urban capital plays a dominant role in urban
labor productivity growth, with an elasticity
of 0.547. Both types of roads contribute to
urban labor productivity growth, although
low-quality roads have the larger elasticity.
This may be because low-quality roads help
rural laborers to migrate to urban centers,
and also provide markets for urban indus-
trial products. The average years of school-
ing factor has a larger elasticity than the
road variables.

The estimated agricultural labor pro-
ductivity equation (equation [3]) shows
that arable land per worker, fertilizer use,
rural electricity consumption, rural educa-
tion, agricultural research, and low-quality
roads are all statistically significant. But
high-quality roads do not show any statis-
tically significant impact on agricultural
productivity.

All the included variables are significant
in the equation for rural non-farm labor
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29Using the data from rural India, Zhang and Fan (2001) tested the two directions of causality between produc-
tivity growth and road capital. To avoid the reverse causality of road development to productivity growth, they
used an instrumental variable approach, and found that the coefficient of roads changed very little when compared
to the original model. One of the reasons was that road capital such as length of roads at the current level is a re-
sult of past government investments.



productivity (equation [4]), but the elastic-
ity of low-quality roads is much larger than
that of high-quality roads. Rural education
has a particularly large elasticity of 1.875.

The estimated terms-of-trade equation
(equation [5]) confirms that increases in
agricultural production exert a significant
downward pressure on agricultural prices,
worsening the terms of trade for agriculture.

The results for the urban poverty equa-
tion (equation [6]) show that increases in
urban GDP significantly reduce urban
poverty, while increases in urban inequality
(as measured by the Gini coefficient) or
agricultural prices significantly worsen
urban poverty.

For rural poverty, the estimated results
(equation [7]) show that improvements in
labor productivity in the agricultural and
rural non-farm sectors contribute signifi-
cantly to rural poverty reduction. However,
agricultural prices and the extent of urban-
ization are not significantly correlated with
rural poverty. Previous work has shown the
importance of increased agricultural prices
on rural poverty reduction. The insignificant
coefficient of agricultural price variable may
come from the fact that the changes in agri-
cultural prices are virtually the same among
all provinces, and the provincial dummies
included in the equation may have captured
this effect. Another factor could be the high
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Table 6.1 Definition of variables

Variables Definition

AGDPL Agricultural GDP per worker
APRICE Terms of trade, measured as agricultural prices divided by a relevant non-agricultural GNP

deflator
FERTP Chemical fertilizer use per worker
GDPL GDP per worker
ILLITE Rural illiteracy rate
IRRIP Percentage of total cropped area that is irrigated
KSL Capital stock per worker
LANDP Arable land per agricultural worker
NFGDPL Non-farm GDP per worker
NFKSL Capital stock per worker in the rural non-farm sector
RDSP Agricultural research stock per worker
RELECP Rural electricity consumption per agricultural worker
ROAD1A Length of high-quality roads per agricultural worker
ROAD1NF Length of high-quality roads per non-farm worker
ROAD1T Length of high-quality roads per worker
ROAD1U Length of high-quality roads per urban worker
ROAD2A Length of lower-quality roads per agricultural worker
ROAD2NF Length of lower-quality roads per non-farm worker
ROAD2T Length of lower-quality roads per worker
ROAD2U Length of lower-quality roads per urban worker
RPOVERTY Percentage of rural population below poverty line
RSCHY Average years of schooling of rural population 15 years and older
RTRP Number of rural telephone sets per agricultural worker
SCHY Average years of schooling of general population 15 years and older
UGDPL Urban GDP per worker
UGINI Gini coefficient of per capita expenditure for urban residents
UKSL Urban capital stock per worker
UPOVERTY Percentage of urban population below poverty line
URBANP Percentage of urban population in total population



DATA, M
ODEL ESTIM

ATION, AND RESULTS
39

Table 6.2 Estimates of the equations system

(1) GDPL = .512 KSL + 0.036 ROAD1T + 0.165 ROAD2T + 0.299 SCHY R2 = 0.664
(12.81)* (2.68)* (3.30)* (2.71)*

(2) UGDPL = 0.547 UKSL + 0.043 ROAD1U + 0.172 ROAD2U + 0.386 SCHY R2 = 0.914
(15.1)* (3.36)* (3.65)* (2.62)*

(3) AGDPL = 0.023 LANDP + 0.032 IRRIP + 0.026 MACHP + 0.179 FERTP – 0.001ROAD1A R2 = 0.833
(0.22)* (0.34) (0.50) (2.76)* (–0.39)

+ 0.203 ROAD2A + 0.014 RTRP + 0.105 RELECP – 0.223 ILLITE
(2.12)* (0.84) (2.09)* (–2.13)*

(4) NFGDPL 0.526 NFKSL + 0.052ROAD1NF + 0.374 ROAD2NF + 1.875 RSCHY R2 = 0.921
(15.03)* (2.11)* (6.02)* (6.54)*

(5) APRICE = – 0.087 ADGPL + 0.095 UGDPL R2 = 0.941
(–3.55)* (1.59)

(6) UPOVERTY – 0.941 UGDPL + 1.233 GINI + 0.519 APRICE R2 = 0.578
(–5.67)* (3.60)* (5.63)*

(7) RPOVERTY = – 1.637 AGDPL – 0.761 NFGDPL – 0.126 URBANP – 0.236 APRICE R2 = 0.99
(–2.17)* (–2.28)* (–1.26) (–0.18)

Notes: Region and year dummies are not reported. Asterisks indicate that coefficients are statistically significant at the 10 percent level. The coefficients for the technology, education,
and infrastructure variables are the sum of those for past government expenditures.



correlation of agricultural labor productivity
and price variables.

Marginal Returns of 
Roads per Kilometer
Using the estimated equations (1) to (7) in
Table 6.2 and the derived equations (8) to
(13), we derived the marginal returns for
different types of roads in terms of eco-
nomic growth and rural poverty reduction.
Because of the double-log functional form
used, the marginal returns depend on the
values of key right-hand-side variables at a
specific period or point in time. To enhance
the contemporary relevance of the results,
the marginal returns were evaluated for
2001 rather than for the sample means or
some other earlier year. The year 2001 falls
beyond the time series used to estimate the
model (ending in 1999), so there is an im-
plicit assumption that the estimated model
relationships are robust and still held in
2001. We calculated the marginal returns for
different types of investments by region and
for China as a whole. We divided China into
seven regions according to geographic loca-
tion, agricultural production structure, and
the level of economic development at the
provincial level as shown in Table 2.5.

Total GDP
Table 6.3 shows the marginal impacts on
total GDP, urban GDP, agricultural GDP,
and rural non-farm GDP of another kilome-
ter of high- and low-quality roads. One more
kilometer of high-quality roads (average of
expressway and class 1 and class 2 roads)
yields more than 1.7 million yuan worth of
total GDP. Interestingly, the returns to road
investments deviate little from the mean
across regions. The southeast region has the
largest return (2.2 million yuan), followed
by the south (1.8 million yuan) and the south-
west (1.7 million yuan), while the northwest
region has the lowest return (1.1 million
yuan). Other regions fall in between. For
low-quality roads, every additional kilome-
ter yields 1.1 million yuan of total GDP on

average, about 66 percent of the correspond-
ing return from high-quality roads. Further,
in contrast to those to high-quality roads, re-
turns to low-quality roads show much larger

40 CHAPTER 6

Table 6.3 Economic returns to additional
length of roads

High-quality Low-quality

(yuan per kilometer)

Returns in total GDP
Average 1,730,748 1,158,072
Northeast 1,573,205 1,326,067
North 1,576,821 1,605,599
Northwest 1,109,934 416,690
Central 1,605,763 891,822
Southeast 2,245,363 3,651,586
Southwest 1,726,213 457,053
South 1,786,413 1,391,885

Returns in urban GDP
Average 1,104,335 682,088
Northeast 1,102,441 857,776
North 1,033,951 971,835
Northwest 673,675 233,456
Central 840,450 430,870
Southeast 1,494,834 2,244,016
Southwest 947,638 231,607
South 1,223,394 879,885

Returns in agricultural GDP
Average NS 285,399
Northeast NS 237,030
North NS 329,720
Northwest NS 129,162
Central NS 339,018
Southeast NS 558,810
Southwest NS 197,963
South NS 326,284

Returns in rural non-farm GDP
Average 729,893 1,032,245
Northeast 595,471 875,066
North 671,564 1,244,221
Northwest 440,485 345,300
Central 797,611 1,081,150
Southeast 1,042,353 2,941,662
Southwest 487,823 330,103
South 701,359 1,141,634

Notes: Except returns in agricultural GDP to high-
quality roads, all estimates are statistically
significant at the 10 percent level. The returns
are calculated for 2001 by using 2001 data.



regional differences. An additional kilome-
ter of low-quality roads produces more than
3.6 million yuan worth of GDP in the south-
east, compared to only 0.4 million yuan in
the northwest.

Urban GDP
The marginal impact of another kilometer
of high-quality roads is 1.1 million yuan in
terms of urban GDP. As with total GDP, the
return to high-quality road investments in
urban GDP varies little among regions. It
ranges from 0.67 million yuan in the north-
west to 1.49 million yuan in the southeast.
Low-quality roads have a lower return on
average (0.68 million yuan of urban GDP)
and this ranges from 0.23 million yuan in
the northwest and southwest to 2.2 million
yuan in the southeast. In general, road in-
vestments have lower returns in the less
developed areas.

Agricultural GDP
As high-quality roads have only a small
and insignificant impact on agricultural GDP
(equation [3]), we do not calculate their mar-
ginal returns. For low-quality roads, every
additional kilometer generates 0.29 million
of agricultural GDP. The highest return
occurs in the southeast (5.6 million yuan)
while the lowest return occurs in the north-
west (1.3 million yuan).

Rural Non-Farm GDP
Low-quality roads yield higher marginal
returns to rural non-farm GDP than high-
quality roads. On average, every additional
kilometer of high-quality roads yields 0.73
million yuan of rural non-farm GDP, while
low-quality roads yield more than 1 million
yuan. Not surprisingly, returns to both types
of roads are highest in the southeast, while
the lowest returns occur in the southwest
and northwest.

Urban Poverty
The estimated marginal impact of road in-
vestments on urban poverty reduction tells a

different story (Table 6.4). The highest
returns occur in poor regions such as the
northeast, northwest, and southwest. Each
additional kilometer of high-quality roads
lifts about 10 to 15 urban poor out of
poverty in the northwest, northeast, and
southwest; in the southeast and the south,
fewer than 2 urban poor would be affected.
For China as a whole, each additional kilo-
meter of high-quality roads lifts about 6
urban poor out of poverty. Turning to low-
quality roads, each additional kilometer

DATA, MODEL ESTIMATION, AND RESULTS 41

Table 6.4 Returns in poverty reduction to
additional length of roads

High-quality Low-quality

(number per kilometer)

Returns in urban poverty reduction
Average 5.53 3.61
Northeast 13.23 10.87
North 3.18 3.16
Northwest 14.84 5.43
Central 5.16 2.79
Southeast 1.79 2.84
Southwest 9.52 2.46
South 0.72 0.55

Returns in rural poverty reduction, official data
Average 8.97 21.59
Northeast 4.36 13.22
North 6.99 25.60
Northwest 27.91 37.69
Central 4.36 8.72
Southeast 1.07 6.23
Southwest 36.63 34.90
South 2.94 8.25

Returns in rural poverty reduction, Xian and 
Sheng data
Average 34.96 109.61
Northeast 16.52 53.65
North 55.14 226.30
Northwest 57.57 98.29
Central 32.92 97.75
Southeast 14.06 92.02
Southwest 91.75 135.77
South 10.79 39.81

Notes: All estimates are statistically significant at
the 10 percent level. The returns are calcu-
lated for 2001 by using 2001 data.



raises about 4 urban poor above the poverty
line. Low-quality roads have the largest im-
pact on urban poverty in the northeast while
the lowest impact occurs in the south.

Rural Poverty
Two sources of rural poverty data are used
to calculate the effects of road investments
on rural poverty: the poverty rate by prov-
ince reported by Chinese official statistics
(SSB) and the poverty rate estimated by
Xian and Sheng (2001). Using the official
data, Table 6.4 shows that 9 rural poor
would be lifted above the poverty line in
China by each additional kilometer of high-
quality roads. The largest impacts arise in
the southwest and northwest regions with 37
and 28 rural poor lifted above the poverty
line, respectively. In contrast, each additional
kilometer of low-quality road lowers rural
poverty by about 22 people in China. Again,
the largest poverty reduction effect occurs
in the southwest, followed by the northwest.

If Xian and Sheng’s poverty data are
used, the marginal impact of high-quality
roads on rural poverty increases to 35 poor
people per additional kilometer.30 The largest
poverty reduction impact from high-quality
road expansion takes place in the southwest,
followed by the northwest and the north. In
the southwest and the northwest, the poverty
effects are particularly large, with 91 and 57
rural poor lifted above the poverty line per
kilometer of road. Interestingly, the north has
the largest marginal impact per kilometer of
low-quality road followed by the southwest.
Our estimates indicate that for the northern
region, 226 rural poor would be lifted out
of poverty for every additional kilometer of
low-quality road. The marginal impacts
of low-quality road investments on rural

poverty are similar in the central and south-
east regions, whereas the impact on rural
poverty is the lowest in the south and the
northeast.

Marginal Returns of Roads 
per Unit of Investment
Using the unit costs of constructing differ-
ent types of roads in different regions, we
can express the marginal economic and
poverty effects of additional road investments
on a unit cost basis. The unit costs for dif-
ferent types of road construction are shown
by region in Table 6.5. The unit cost of ex-
pressway construction varies little among
regions, with the highest cost occurring in
the southeast and the lowest cost in the
north. The high cost in the southeast may re-
flect the high cost of land while the lower
cost in northern China may arise from its
flat topography and lower cost of land. On
the other hand, large regional variations are
observed in the unit construction costs of
lower-quality roads. For class 4 and sub-
standard roads, the lowest cost is found in
the southwest while the highest cost occurs
in the south. We calculated the average unit
cost for expressways and class 1 and class
2 roads as the average cost for high-quality
roads while we treat the rest as low-quality
roads. At the national level, high-quality roads
cost six to eight times more than low-quality
roads.

Two assumptions were made in estimat-
ing the total annual costs of roads per kilo-
meter. First, we assume that high-quality
roads last for 16 years and low-quality roads
for 10 years.31 Second, we assume the main-
tenance cost is equivalent to the annualized-
capital cost. For example, the unit cost of
construction of 1 kilometer of high-quality
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30This calculation is based on the assumption that the estimated relationship between investment and poverty re-
duction holds in 2001. It also assumes that this relationship, estimated based on a lower poverty line (US$0.66
per day), holds for the higher poverty line (US$1.15 per day).

31The expressways and class 1 roads have 20 years of lifespan while class 2 has 15 years. We use length of these
different types of roads as weights in calculating the weighted average of lifespan for high-quality roads. For low-
quality roads, the lifespan is 10 years.



roads is 5.6 million yuan. Since the mainte-
nance and service cost is the same as the
annualized capital cost, the total cost for 1
kilometer of high-quality roads is 11.2 mil-
lion yuan.

Table 6.3 indicates that every kilometer
of high-quality roads constructed in 2001
would increase total GDP by 1.73 million
yuan. This effect is assumed to begin in the
fifth year after the investment was made.
Once this effect takes place, it is assumed to
last for the life of the road, in this case 16
years. Using a 5 percent discount rate, the
total present-day value amounts to 16.2 mil-
lion yuan. This can now be expressed on a
unit cost basis, or as a marginal benefit–cost
ratio. For every yuan invested in high-
quality roads, 1.45 yuan (16.2/11.2) of total
GDP would be added as shown in Table
6.6.32 In the case of low-quality roads, we
assume that once the investment is made, it
will begin to have an impact after 3 years
and it will last for 10 years. Similar calcu-
lations are made for the poverty reduction
effects. Table 6.4 shows that each additional
kilometer of high-quality roads lifts 5.53

urban poor above the poverty line, and Table
6.7 shows that when expressed on a unit cost
basis, for every 10,000 yuan, the poverty re-
duction effect in urban area is 0.08 (or
5.53/11.2 × 16/100). As both assumptions
are very conservative, our estimated returns
to road investments are almost certainly
lower bounds.

Total GDP
For the country as a whole, the marginal
benefit–cost ratio for high-quality roads was
1.45 in 2001 (Table 6.6). The southwest
region has the highest return, followed by
the central region, which are two relatively
poor regions in China. The lowest returns
occurred in the northwest and the south. The
returns to low-quality roads are much
higher. The average return to low-quality
roads was 6.37 yuan for each yuan invested
in China in 2001. This is more than four
times larger than the return to investment in
high-quality roads. The southeast region has
the highest return, followed by the south
and southwest, whereas the lowest return
occurs in the northwest.

DATA, MODEL ESTIMATION, AND RESULTS 43

32Alston et al. (2000) developed an approach to convert a benefit–cost ratio to an internal rate of return or vice
versa. It is assumed that the benefit stream is a perpetual annual flow, B, per year while the cost is a one-time
spending, C at time t. Thus the net present value of B is: PV(B)t = Σ∞

j=0 Bt+j /(1 + i) j ≈ Σ∞
j=0B/(1 + i) j = B/i and the

net present value of cost is PV(C)t ≈ Ct = PV(B)t (at IRR) ≈ B/IRR. Therefore, the benefit–cost ratio is BCt =
PV(B)t ÷ PV(C)t ≈ (B/i) ÷ (B/IRR) = IRR/i, where i is the discount rate, IRR is the internal rate of return, and BC
is the benefit–cost ratio. Hence we can also approximate the IRR as BC*i. If BC >1, then IRR is always greater
than i.

Table 6.5 Unit cost of construction by type of roads

Expressway Class 1 Class 2 Class 3 Class 4 Substandard High-quality Low-quality

(1,000 yuan)
Average 26,110 9,100 2,850 1,430 500 380 5,600 670
Northeast 29,780 10,380 3,070 1,540 540 400 5,810 930
North 20,650 7,200 3,330 1,670 580 440 5,310 660
Northwest 22,480 7,840 3,450 1,730 600 450 4,900 730
Central 25,940 9,040 2,550 1,280 450 340 4,690 340
Southeast 34,950 12,180 2,520 1,260 440 330 6,990 500
Southwest 23,440 8,170 1,280 640 220 170 4,530 150
South 26,870 9,360 3,730 1,870 650 490 6,930 460

Source: Estimated from Zhao’s data (Ministry of Transportation).



Urban GDP
One surprising finding is the low urban
GDP return of high-quality roads. For every
yuan invested, high-quality roads yield
0.92 yuan of urban GDP for China as a
whole. The benefit–cost ratio is about 1.
This implies that building more high-quality
roads will not result in economically mean-
ingful returns to urban GDP. But for lower-
quality roads, the average return is 3.75
yuan per yuan invested, more than four
times the effects of high-quality roads. The
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Table 6.6 Returns in total GDP to road
investment

High-quality Low-quality

(yuan per yuan)

Returns in total GDP
Average 1.45 6.37
Northeast 1.27 5.25
North 1.39 8.89
Northwest 1.06 2.09
Central 1.60 9.57
Southeast 1.50 27.09
Southwest 1.78 10.86
South 1.21 11.02

Returns in urban GDP
Average 0.92 3.75
Northeast 0.89 3.40
North 0.91 5.38
Northwest 0.64 1.17
Central 0.84 4.62
Southeast 1.00 16.65
Southwest 0.98 5.50
South 0.83 6.96

Returns in agricultural GDP
Average NS 1.57
Northeast NS 0.94
North NS 1.83
Northwest NS 0.65
Central NS 3.64
Southeast NS 4.15
Southwest NS 4.70
South NS 2.58

Returns in rural non-farm GDP
Average 0.61 5.68
Northeast 0.48 3.47
North 0.59 6.89
Northwest 0.42 1.73
Central 0.80 11.60
Southeast 0.70 21.83
Southwest 0.50 7.84
South 0.47 9.04

Notes: Except returns in agricultural GDP to high-
quality roads, all estimates are statistically
significant at the 10 percent level. The returns
are calculated for 2001 by using 2001 data.

Table 6.7 Returns in poverty reduction to
road investment

High-quality Low-quality

(number per million yuan)

Returns in urban poverty reduction
Average 8 27
Northeast 18 59
North 5 24
Northwest 24 37
Central 9 41
Southeast 2 29
Southwest 17 79
South 1 6

Returns in rural poverty reduction, official data
Average 13 161
Northeast 6 71
North 11 193
Northwest 46 257
Central 7 127
Southeast 1 63
Southwest 65 1,127
South 3 89

Returns in rural poverty reduction, Xian and 
Sheng data

Average 50 820
Northeast 23 289
North 83 1,705
Northwest 94 671
Central 56 1,427
Southeast 16 928
Southwest 162 4,386
South 12 428

Notes: All estimates are statistically significant at
the 10 percent level. The returns are calcu-
lated for 2001.



southeast region has by far the highest
return.

Agricultural GDP
High-quality roads do not have a statisti-
cally significant impact on agricultural GDP.
For low-quality roads, every yuan invested
yields 1.57 yuan worth of agricultural GDP.
Again, the patterns among regions are sim-
ilar to those estimated for total GDP and
urban GDP. The southeast, southwest, and
central regions have higher returns than
the national average, while the northwest,
northeast, and north have lower returns than
the national average.

Rural Non-Farm GDP
For every yuan invested in high-quality
roads, the average return in rural non-farm
GDP in China is 0.61 yuan. In contrast, low-
quality roads yield 5.68 yuan worth of non-
farm GDP for every yuan invested in roads.
Moreover, the marginal returns from high-
quality roads differ little across regions,
whereas large regional variations exist for
low-quality roads. The highest return occurs
in the southeast, while the lowest arises in
the northwest.

Urban Poverty
For every 1 million yuan invested in high-
quality roads, 8 urban poor would be lifted
above the poverty line (Table 6.7). Low-
quality roads are more beneficial to the
urban poor, raising 27 urban poor above the

poverty line for each million yuan invested
in 2001. This larger impact arises primarily
because low-quality roads, being mostly
rural, induce a larger increase in national
food production and hence reduce food
prices more. Roads have a greater impact on
urban poverty in the less developed west-
ern regions (both the southwest and north-
west) and the northeast region.

Rural Poverty
For high-quality roads, every million yuan
invested raises 13 rural poor above the of-
ficial poverty line (Table 6.7). Again, low-
quality roads are much more beneficial,
raising 161 rural people out of poverty for
every million yuan invested. For both high-
quality and low-quality roads, the poverty
impacts are largest in the southwest and
northwest regions when the official poverty
line is used. However, when Xian and
Sheng’s poverty line is used, the number of
rural poor helped is much larger: for each
million yuan invested in high- and low-
quality roads, 50 and 821 rural poor, re-
spectively, are raised above the poverty
line. These effects are about four times
larger than those estimated using the official
poverty line. For high-quality roads, the
largest impact is found in the southwest,
followed by the northwest and the north.
For low-quality roads, the largest impact
also occurs in the southwest followed by the
north, and then the central and southeast
regions.
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C H A P T E R  7

Conclusions

China has been very successful in achieving rapid economic growth and poverty re-
duction in recent decades. Driving this success was a series of policy and institutional
reforms and massive public investments in roads and other key infrastructures. The

primary objective of this report has been to analyze the contribution of road investments to
China’s successful transformation.

Using provincial-level data for 1982–99, an analytical framework was developed that ex-
tends earlier work by Fan et al. (2002) by differentiating among roads of different quality, and
by disaggregating the measured effects of road investments by rural and urban areas. The
results show that road development, together with agricultural R&D, irrigation, education,
electricity, and telecommunications, made significant contributions to economic growth and
poverty reduction. But variations in the marginal impact of roads on growth and poverty re-
duction were large, both between different types of roads and between regions.

The most significant finding of this study is that low-quality (mostly rural) roads have
benefit–cost ratios for national GDP that are approximately four times larger than the benefit–
cost ratios for high-quality roads. Even in terms of urban GDP, the benefit–cost ratios for
low-quality roads are much greater than those for high-quality roads. As far as agricultural
GDP is concerned, high-quality roads do not have a statistically significant impact while low-
quality roads are not only significant but also generate 1.57 yuan of agricultural GDP for
every yuan invested. Investment in low-quality roads also generates high returns in rural non-
farm GDP. Every yuan invested in low-quality roads yields more than 5 yuan of rural 
non-farm GDP.

In terms of poverty reduction, low-quality roads raise far more rural and urban poor above
the poverty line per yuan invested than do high-quality roads.

Another significant finding of the study is the trade-off between growth and poverty re-
duction when investing in different parts of China. Road investments yield their highest eco-
nomic returns in the eastern and central regions of China while their contributions to poverty
reduction are greatest in western China (especially the southwest region). This implies differ-
ent regional priorities depending on whether economic growth or poverty reduction is the most
important goal for the country.

The results of this study have important implications for future road project investments.
In the past, China has invested heavily in building expressways and intercity highways. These
investments have been a major force in China’s economic transformation during the 1980s and
1990s. However, as more and more investments are being poured into these projects, the
marginal returns are beginning to decline, although they are still positive and economically
sound. At the same time, low-quality roads or rural roads have received less attention than
high-quality roads, and as a result their marginal returns are much larger today than the returns
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to high-quality roads. Low-quality roads also
raise more poor people out of poverty per
yuan invested than do high-quality roads,
making them a win–win strategy for growth

and poverty alleviation. The government
should now consider giving greater priority
to low-quality and rural roads in its future
investment strategy.
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