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Abstract

This research focuses on an analysis of multiregional population dynamics of China at
two spatial levels. The first part of the thesis is about urban-rural population dynamics
in China. The forces determining urbanization process are discussed. The concepts of
multiregional population accounts and forward demographic rates are used to analyze
the urban-rural population change. Urban-rural life tables and an urban-rural population
projection model are developed. A demo-economic model is used to drive the urban-
rural population migration and transition in the population projection model. Three
urban-rural population projections are made for the period 1987-2087 assuming various
fertility trends in urban and rural populations. A growth stage (before the late 2030s )
and a stable stage ( after the late 2030s ) of population development in China are
identified on the basis of these projection results. |

The second part of the thesis is about multiregional ( provincial level ) population
dynamics in China. The main features of the spatial distribution of China's population
and regional trends in population change since the 1950s are examined. Fertility,
mortality and migration analyses are carried out to reveal the major factors affecting
regional disparities. Finally, a more precise and straightforward multiregional
population projection model based on forward demographic rates is developed by
introducing extended multiregional population accounts. The model is calibrated using
1982 census data and 1987 one-percent population sampling data to produce a
multiregional population projection of China. Future provincial population trends are
revealed.

The implications of the future long-term population trends both at the urban-rural and
provincial levels are discussed in the concluding chapter of the thesis. Population
growth will continue to be a major problem facing China in the next 40 years.
Economic reform and development may have both negative and positive effects on
population development. Smooth transition to a market economy, continued steady
growth of China's economy and a slowdown of population growth will augur well for
the future in China.
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1
Introduction

1.1 Population growth in China

China is a developing country with a population over 1100 millions which accounts for
about one-fifth of the total population in the world. Several distinctive features about
China’s population can be identified. First, China’s population has experienced rapid
growth since the foundation of the People’s Republic in October 1949. According to
the State Statistical Bureau of China ( SSB, 1991 ), China’s population was 542
million by the end of 1949. It’s population reached 600 million in 1954. Then China’s
population increased by 100 million in ten years and reached 700 million in 1964. In
the next ten years, China’s population increased by 200 million and reached 800 million
in 1969 and 900 million in 1974 as China recovered from a socio-economic crisis in
early 1960s. T\I‘he population growth in China was slowed down in 1970s and 1980s
due to the implementation of a series of large-scale birth control campaigns (Peng,
1991). However, the size of population growth was still immense. In the period of
fourteen years from 1974 to 1988, another 200 million people were added to China’s
population. China’s population reached 1000 million in 1981 and 1100 million in 1988.
It can be realistically expected that China’s population will pass the mark of 1200
million before the end of this century.

Second as already has been mentioned, dramatic fertility decline has been achieved in
China since 1970 due to a series of t;inh control campaigns. The total fertility rate of
China declined from 5.75 in 1970 to 2.62 in 1982 ( Coale and Chen, 1987 ). The
recent census showed that the total fertility rate further declined to 2.25 by 1990. This
dramatic decline in fertility has resulted in a lower population growth rate in China in
the 1980s than in many other populous developing countries such as India, Indonesia,
Brazil, Pakistan, Bangladesh and Nigeria ( SSB, 1991 ). However, the absolute size of
population growth in China is still immense due to its huge population base and high
proportion of childbearing-cohorts as mentioned above. According to this research,
China’ population may be expected to continue to grow in the next forty to fifty years
and may reach a peak population around 1500 million.

Third, the distribution of China’s population is extremely uneven over its huge
territories. If a line was drawn roughly dividing China into south-east and north-west
areas, over 94.4% of China’s population' reside in the south-east of China which
accounts for only 42.9% of the total land area. Conversely, only 5.6% of China’s
population reside in the north-west of China, an area which accounts for 57.1% of the
total land ( Hu, 1986 ). ‘
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Fourth, regional population change is also uneven in China. The total fertility rate in
urban areas is much lower than in rural areas. Population growth rates in provincial
regions also vary significantly. According to two censuses in 1982 and 1992, Beijing,
Ningxia and Guangdong have a growth rate over 17% between two censuses while
Heilongjiang, Zhejiang and Sichuan have a growth rate under 9% in the same period.
These features will be recurrent themes throughout the whole of this research.

1.2 Objectives of the research

There is much interest about China’s population. Considerably detailed information has
been made available about China’s population since 1978. Precise description and
analysis of China’s population dynamics since 1950s have been made possible with the
release of a series of censuses and survey data. With the fertility decline in China, there
are also growing concerns about population ageing in China ( Zeng, Zhang and Peng,
1990 ){' However, most Chinese and foreign researchers have focused on the
description and analysis of China’s population in the past. Most of these studies treat
China’s population as a whole ( Coale, 1984 ). Some research does take the spatial
dimension into consideration (_Wanncll and Torguson, 1991,
Yang, 1991; Peng, 1991 ). For example, Peng ( 1991 ) documented and analyzed
fertility transitions in China’s urban-rural—am regions since the 1950s.
Various regional fertility trends may have significant implications for fpture regional

populations. (For example, a region experiencing a low fertility rate for a long time is
likely to face rapid population ageing in the future. Due to significant regional
differentials in fertility rates, the population trend and population problems in one
region may be different from another. Several national population projections for China
have been made by Song et al. ( 1981 ) before the 1982 census, and by Jiang and Lan
(1987) and Zhang mcensus data. These national population
projections only show an average trend in China’s population as a whole. Population
projections for various rcglons have also been carried out respectively to show their
future population trends. The United Nations 1989; 1991 ) has also produced urban
and rural population pro;ectlons for China. However, these projections of urban and
rural populations are calculated from the projected proportion of urban population and
the total population, and vital age compositions of urban and rural populations are not
available{ These population projections are useful in the formation of family planning
policies and planning of socio-economic developments for China as a whole and in
various regions. For example, the launching of the " one-child campaign " in 1978 was
based on the projection that population growth will continue to soar in China if each
couple were allowed to have two children. )
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However, the various regional population projections may not be consistent with
national projections if they are carried out independently. A multiregional population
model is needed to make consistent regional and national population projections in the
sense that interregional migrations can be projected systematically and consistent
projections assumptions can be made. One major aim of this research is to develop
multiregional population models at urban-rural and provincial levels so that consistent
population projections can be made. At the first spatial level, China is divided into an
urban region and a rural region. At the provincial level, the spatial population system of
interest consists of twenty-nine provincial regions in China. Currently, there are thirty
provincial regions under the administration of the People’s Republic. The new province
of Hainan, founded in 1988, is included in Guangdong province in this research. A
systematic study of the multiregional population dynamics of China will be made to
examine the regional differentials in population growth and the effects of various
factors on these differentials. Consistent long-term multiregional population projections
at two spatial levels of China will be made.

1.3 Methodology

This research will develop an alternative approach to multiregional population
projection on the basis of forward demographic rates. Significant progress has already
been made in the dynamic analysis and projection of spatial population systems ( Rees,
1989; 1993). It has been recognized that two different approaches may need to be used
to derive demographic rates on the basis of different types of migration measures
(Rees, 1986). These are called transition and movement approaches. The transition
approach uses the number of migrants who migrated within a fixed period or variable
periods to measure migration. Each migrant is counted only once in the transition
approach. The movement appoach uses the number of movement events made by
migrants in a period to measure migration. Each movement event is counted once but a
migrant may make multiple movements in a period and be counted more than once. It
seems that earlier studies are mainly about the transition approach. Multiregional
population models were developed to link populations at the begining and end of a
period by survival rates and a growth matrix ( Rogers, 1966, 1973; 1975 ). A major
problem here is how to calculate survival rates or a growth matrix more precisely. A
major improvement was the introduction of population accounts and
occurrence-exposure rates which can be correctly and precisely defined ( Rees and
Wilson, 1977 ). Similar approaches were also developed for movement data ( Rees,
1986; 1989 ). However, an iterative procedure is needed for population projections. In
the case of movement data, a transition probabilities matrix can be usefully calculated
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by matrix inversion ( Willekens and Drewe, 1984; Rogers and Willekens, 1986; Rees,
1989 ). An approximate version of occurrence-exposure rate definitions needs to be
used if the matrix inversion approach is applied in the case of transition data. It has
been found that forward demographic rates can be defined as well and they have unique
relations with occurrence-exposure rates ( Shen, 1994 ). Different population
projection models can be developed on the basis of occurrence-exposure rates and
forward rates respectively and both are correct if corresponding demographic rates are
used. However, a forward demographic rates-based model does have the advantage
that population projections can be carried out straightforwardly while an iterative
procedure is needed for the occurrence-exposure rates-based population model. In this
research, an approximate version of forward rates-based model will be developed for
the analysis and projection of urban-rural population systems. A more precise
multiregional population model will be developed using a set of extended population
accounts for the analysis and projection of multiregional population systems at a
provincial level.

1.4 Data
Four population censuses have been carried out in China since the foundation of the
People’s Republic. The first and second censuses were undertaken in 1953 and 1964
respectively. These two censuses probably aimed to examine the population situations
facing the People’s Republic after its foundation and the socio-economic crisis in early
1960s respectively. The data on these two censuses were kept secret and were not
released until recently. The third census was conducted in 1982 with assistance from
the United Nations after economic reform and open-door pblicies were introduced in
1978. The results of the 1982 census were released to the outside world immediately
after its completion. In 1982, a national one per thousand population fertility sample
survey was conducted by the State Family Planning Commission. In 1985, the first
stage of an in-depth fertility survey was carried out in Shaanxi, Hebei and Shanghai. In
1987, the second stage was carried out in Beijing, Liadning, Shandong, Guangdong,
Guizhou and Gansu. A major one percent population sample survey was also carried
out in lﬁ;ﬁgﬂ .
this survey. The fourth census was undertaken in 1990. Some data from this recent
census have already been released. It can be expected that the next census will be
carried out in 2000 which is the target year of the original modernization program in
China.

The State Statistical Bureau ( SSB ) of China and its Department of Population
Statistics ( DPS ) are responsible for the compilation and publishing of these population

e information on internal migration in China was made available from
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data. They also publish annually the Statistical Yearbook of China and the China
Population Statistics Yearbook respectively. These yearbooks also include population
data collected via the residence registration system administrated by the State Public
Security Bureau.

According to the results of data quality control measures and related research, these
census and survey data may be regarded as reliable and not subject to significant errors
( Li, 1987; DPS, 1990 ). Some foreign researchers also concluded that these census
data are of high quality ( Banister, 1987 ).

The main data sources for this research are the 1987 one percent population sample
survey ( DPS, 1988a ), the 1982 census ( DPS, 1988b ), the 1982 one per thousand
fertility survey (Coale and Chen, 1987 ), the 1985 China in-depth fertility survey
(DPS, 19864, 1986b), the 1990 census ( SSB, 1990a, 1990b, 1990c, 1990d ), and the
annual Statistical Yearbook of China and China Population Statistics Yearbook in
various years.

1.5 Organization of the thesis

This research focuses on an analysis of multiregional population dynamics of China at
two spatial levels. This introductory chapter discusses the objectives and methodology
of the research. This chapter also discusses major data sources used in this study. The
first part of the thesis is about the urban-rural population dynamics in China. The forces
determining the urbanization process are discussed in chapter two. The concepts of
multiregional population accounts and forward demographic rates are used to analyze
urban-rural population change in chapter three. Urban-rural life tables are also
constructed in chapter three. In chapter four, an urban-rural population projection
model is developed. A demo-economic model is used to drive the urban-rural
population migration and transition in the population projection model. Three
urban-rural population projections are made for the period 1987-2087 assuming various
fertility trends in urban and rural populations.

The second part of the thesis is about multiregional ( provincial level ) population
dynamics in China. The main features of the spatial distribution of China's population
and regional trends in population change since the 1950s are examined in chapter five.
Fertility, mortality and migration analyses are carried out to reveal the major factors
affecting regional disparities in chapters six and seven. In chapter eight, a more precise
and straightforward multiregional population projection model based on forward
demographic rates is developed by introducing extended multiregional population
accounts. The model is calibrated using 1982 census data and 1987 one-percent
population sampling data to produce a multiregional population projection for China.
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The concluding chapter sums up the major findings and the implications of the future
long-term population trends on socio-economic development in China are also
discussed.
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2
Urbanization processes

2.1 Introduction

The first part of this thesis mainly concerns the urban-rural population dynamics of
China. There is no doubt that urban-rural population change is a natural result of the
urbanization process. Thus it is meaningful in this chapter to overview the forces
driving the world-wide urbanization process in general and in particular produce an
indication of the urbanization process in China. Section 2.2 will discuss the forces
behind urbanization in general. Section 2.3 will discuss the urbanization trends and
problems in China. Section 2.4 concludes this chapter.

2.2 Forces behind urbanization

About a century ago in 1899, Weber showed in his thesis The Growth of Cities in the
Nineteenth Century that urbanization was the most remarkable social phenomenon in
the nineteenth century ( Weber, 1899 ). Today in 1994, when looking into the
continuing urbanization of this century, it still can be said that urbanization is a
remarkable phenomenon. While some developed countries had achieved high levels of
urbanization in the last century, most urban growth worldwide has occurred in this
century. In England, the urban population percentage of the total population had risen
from 16.9 in 1801 to 53.7 by 1891 and in France from 24.4 in 1846 to 37.4 by 1891.
In Japan, the urban population percentage rose from 18 in 1920 to 75 by 1975 ( Hall,
1984 ); in Mexico from 50.7 in 1960 to 66.3 by 1980; in Brazil from 45.1 in 1960 to
74.4 by 1989; and in the former USSR from 47.9 in 1959 to 65.8 by 1989 ( United
Nations, 1962; 1991 ). In the world as a whole, the urban population percentage
increased from 14.3 in 1920 to 41.2 by 1985. It is reliably predicted by some that by
the year 2010, the entire world population will be more than 50 percent urbanized
( Renaud,1981; United Nations, 1989 ). '

One distinct feature of the urbanization of this century is its rapid increase in
developing countries. According to the United Nations, between 1970 and 1975, the
urban population of the less developed regions overtook that of the more developed
regions. In 1985, 58 percent of the world's urban population was in the less developed
regions ( United Nations, 1989 ). Another feature of the urbanization in developing
countries is that most market economy countries are believed to be overurbanized while
most planned economy countries are considered underurbanized ( Ofer, 1977; Ran and
Berry, 1989 ). Chung Hyun Ro ( 1976 ) argued that the headlong rush to the capitals
and metropolitan cities of Africa, Asia and Latin America is most intensive, massive
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and rapid in those very countries whose natural resources are underdeveloped. In
planned economy countries, it is argued by some scholars that underurbanization is an
explicit policy objective of socialist government ( Ofer, 1977 ). It is expected that with
economic reform in these countries, the underurbanization phenomenon may soon
disappear and may even be replaced by overurbanization. For example, Ran and Berry
( 1989 ) suggest that China now appears to be overurbanizing.

From the above discussion about the urbanization trends in the world, it is clear that
the urban population percentage has been increasing with time in both developed and
developing countries in the last two centuries. It is most likely that this trend will
continue especially in developing countries. Most developed countries on the other
hand do not have much room for further urbanization and there the focus may be on the
difficulties caused by inter-urban population dynamics.

It seems then that urbanization is an inevitable fate of the world's population. But
why ? Many studies have been made to explore the forces driving the urbanization
process (Weber, 1899; Renaud, 1981; Miyao, 1983; Hall, 1984; Lee, 1984,
Timberlake and Lunday, 1985; Firebaugh, 1985).

The fundamental force of urbanization is industrialization with its associated
economies of scale and agglomeration ( see Davis, 1977 ). Industrialization has brought
about the increase of productivity in both the urban and rural sectors but notably the
former and the increase of income of the whole population. The increase of income
changes the consumption structure of the economy as the income elasticity of the
consumption of the industrial product is greater than that of the agricultural product.
The result is the expansion of the industrial sector which normally concentrates in cities
as a result of the economies of scale and agglomeration. Subsequently, the
concentration of industrial sector and its population brings about the concentration of
the tertiary sector serving the economy and its population further expanding the urban
population. Meanwhile, the increase of productivity in the rural sector reduces the
demand for labour thus releases the rural population to urban areas. Consequently, it is
straightforward to find that urbanization is closely associated with industrialization and
development.

In his study of the urban growth of the last century, Weber identified several causes
of the concentration of population in cities ( Weber, 1899 ). Firstly, he emphasized the
role of Agrarian Revolution which occurred with the Industrial Revolution and greatly
improved agricultural productivity thereby releasing population from the agriculture
sector. Secondly, he emphasized the role of trade as a economic force working for the
concentration of the released agricultural population as trade facilitates the supply of
food to the non-agricultural population. Thirdly, he pointed out that the enlargement of
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the market had brought the concentration of population in industrial and commercial
cities.

More recently, Lee ( 1984 ) proposed a dynamic general equilibriumn model which is
able to show the dynamics of urban-rural migration and urbanization levels under the
operation of various factors, namely, productivity changes in urban and rural sectors,
natural population increases in urban and rural populations, and income elasticity of the
consumption of the products of urban and rural sectors. A clear picture of the
urbanization process can be produced by the model. The following discussion is mainly
based on the implications of this dynamic general equilibrium model.

Urban populations can be divided into five parts according to their functions. These
are the administrative personnel, the industrial personnel, the services personnel, the
agricultural work force and finally all of their dependents. Generally speaking, the
administrative personnel accounts for a small proportion of the total population though
in some places it may be a relatively high fraction. The proportion of the administrative
personnel in the total population may be relatively stable. The dependent population has
some relation with the level of urban employment. The ratio of the dependents is
determined by the population age composition and the employment level and may be
regular and relatively stable. The agricultural work force is another relatively minor
proportion of the urban population. The industrial personnel and services personnel
constitute the major proportions of the urban population and their major function is to
provide consumption goods and services to both the urban and the rural populations. At
the early stage of economic development, industry and services will increase their
shares of employment at the expense of agriculture. After economic development
reaches the stage of "maturity" services of various types such as communication and
consultation will continue to increase their share of employment but mainly at the
expense of industry so that industry may decrease its share of employment ( Rowthom,
1986 ). In summary, it seems clear that the scale of the urban population depends
mainly on the number of the industrial and services personnel and thus the demands for
consumption goods and services by the urban and rural populations.

Rural populations can be divided into the same five parts according to their functions
too. According to the location and spatial economic theories, most of the administrative
personnel, the industrial personnel and the services personnel are residents of cities and
towns, only a minor part of them live in rural areas. The agricultural work force
constitutes a major part of the rural population and its principal function is to provide
agricultural goods to the urban and rural populations. The number of dependents is
determined by the level of rural employment. Therefore, the scale of the rural
population depends mainly on the demands for agricultural goods by the urban and
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rural populations.

It is well known that effective demand depends on income and that the increase of
income depends on the increase of labour productivity. If there was no technical
progress and labour productivity not increased, income and effective demand would
also not increase. The result would be that the ratio of the urban population and the
rural population would not be subjected to significant change over time. Therefore,
increase of the labour productivity is a necessary condition of urbanization.

If there is a change in labour productivity, but the demands for agricultural and
industrial goods and services increased at the same rate, the ratio of the urban
population and the rural population also would not change. In fact, the population
consumption structure changes with increase of income. The ratio of the expenditure on
industrial goods and services increases while the ratio of the expenditure on agricultural
goods decreases with increase of income. The increase of the demand for industrial
goods and services is greater than that for agricultural goods. As a result, the
proportion of the urban population in total population increases. Therefore, a change in
consumption structure towards more consumption of industrial goods and services is
the second necessary condition of urbanization.

If there is a change in consumption structure toward greater consumption of industrial
goods and services and thus increased demand is greater than that for agricultural
goods, and if the increase in the labour productivity of industrial goods and services is
much greater than the increase in the labour productivity of agricultural goods, then the
ratio of the urban population and the rural population would not change. Therefore, the
third necessary condition of urbanization is reached as follows: the difference of the
labour productivity change between urban and rural sectors is not great enough to meet
the needs of the consumption structure change. Thus it is necessary to increase the
proportion of urban population.

According to the arguments above, change of labour productivity and change of
consumption structure are major determinants of urbanization. It is also an important
feature of urbanization that the natural increase rate of the urban population is less than
that of the rural population. In this case, rural to urban migrations are needed to keep
the balance of the urbanization level even if there were no changes of other factors.

The discussion above concerns the fundamental forces which determine the general
trend of urbanization in the world. It seems that there are also additional secondary
forces or factors which may condition the level and pace of the urbanization process in
a particular period and/or a particular country or region. These factors may include
population growth, urban-rural differences and government policy.

Rapid population growth is often regarded as a major force of the rapid urban growth
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in developing countries ( Hall, 1984 ). High natural increase rates in rural populations
will result in a labour surplus and strengthen the " push " factor working towards urban
areas. High natural increase rates in urban populations will rapidly expand the urban
populations themselves. In calculations by the United Nations of the basic components
of urban change on the basis of 1960 data, it has been found that natural increase has
been playing a significant role in urban population growth in developing countries,
though it should be noted that net migration was also high ( Renaud, 1981 ).

There are great urban-rural differences in terms of income, living standards,
education and the like, especially in developing countries. It is often expected that
individuals may have a better standard of living in urban than in rural areas. In other
words, the urban-rural system is in a state of disequilibrium. The so called urban-rural
gap will inevitably lead to a flow of population from rural to urban areas even if the
modern industrial and services sectors in the urban area cannot accommodate all these
immigrants. The consequence is the mushrooming of the informal sector, squatter
settlements and shantytowns in cities worldwide ( Chung Hyan Ro, 1976 ). High
unemployment rates may also be a natural result acting as an equilibrating force on
urban-rural migration ( Harris and Todaro, 1970 ). This problem is often called
overurbanization which results in many political, social and economic problems. The
basic solution to this problem may be a more balanced development of urban and rural
sectors. However, this is by no means an easy task. Even in China which has been
deliberately trying to eliminate the economic and welfare differences between the urban
and rural areas, the urban-rural gap has widened since the 1950s ( Murphey, 1980 ).
Strong government policies are introduced in planned economy countries to control
undesirable urban-rural migration but these policies are not likely to be acceptable in
most market economies.

Government policy also may well have powerful effects on the urbanization process.
In planned economy countries, the government has a number of instruments to
condition or even control the pace of urbanization. For example, underinvestment in
urban housing, infrastructure and social services aimed at maximizing industrial
growth, and indeed even direct control of population migration (Ran and Berry, 1989).
Wu and David ( 1980 ) discussed a set of government policies designed to constrain the
migration of rural population to the urban areas in China. Theses policies include
resident registration, restrictions on employment opportunities, etc.

Many cross-sectional and time-series data-based analyses of various countries and
regions in the world show that there is a significant relation between urbanization levels
and labour productivity, development levels, economic and employment structures, and
the structure of consumption. In a general overview on the world pattern of urban
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growth ( Hall, 1984 ), it is noted that the most highly developed industrial nations are
the most highly urbanized and that the countries which undergo the most rapid
economic development also record a rapid increase in urbanization. In this century, the
world population has been increasingly employed in non-agricultural occupations. The
world's labour force engaged in these activities rose from 28% in 1900 to 50% in 1970
( Timberlake and Lunday, 1985 ). Firebaugh ( 1985 ) in a cross-sectional analysis of
GNP per capita and urbanization found that GNP per capita has significant effect on
“urbanization among developing countries having market economies. But he also found
no significant relation of GNP per capita with urbanization among developed nations.

It appears that developing and developed countries are at different stages of
urbanization. The urbanization processes in developing and developed countries are
described as expanding urbanization and mature urbanization respectively by Renaud
(1981). The distinctive features of mature urbanization processes in developed
countries are the dominant roles of urban-urban migration and population
deconcentration. The suburbanization phenomenon and the rural-to-urban migration
turnaround has already appeared in many developed countries. These trends are crucial

_in understanding the regional and urban economic dynamics in developed countries.
Many studies have been made in this area ( Wood, 1988; Greenwood, 1985;
Greenwood et al, 1989; Fielding; 1989 ). According to Greenwood ( 1985 ), in the
USA during the 1970s, the percentage of USA population residing in metropolitan
areas declined for the first time this century. This population shift was partly due to a
change in the direction of net migration between metropolitan and non-metropolitan
areas. Five causes of the rural-to-urban turnaround are summarized by Greenwood
(1985). First, the relative increase in the costs of doing business in older urban centers.
Second, the growth of resource-based industries in non-metropolitan areas. Third, the
rise of income and wealth and the increase of demands for location-specific amenities.
Fourth, the change of demographic structure and the labour force. Fifth, government
policy. Sternlieb and Hughes ( 1977 ) conclude that the endpoint of industrialization-
based urbanization may have been reached.

It would appear that this deconcentration trend in developed countries moderated in
the 1980s. The employment performance of British cities for example was considerably
better in the 1980s than the previous decade ( Frost and Spence, 1991 ). In the USA,
the strong counterurbanization trends of the 1970s subsided in the early 1980s ( Frey,
1989 ). Bourne ( 1991 ) actually argued for a more balanced form of development
between the existing built-up and new suburban areas. It seems that, the focus of
urbanization process in developed countries may be on the re-adjustment of the urban
systems, i.e, balanced development for various urban areas.
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Nevertheless, the developing countries are still at the stage of expanding urbanization
for the reasons discussed before. It is likely that urbanization will continue to be a
major trend of the socio-economic development and population redistribution in these
countries for the foreseeable future.

2.3 The urbanization process in China since the 1950s

2.3.1 The institutional context of urbanization

As a vast country with a large population China reached a relatively high urban
population proportion even in ancient times. Weber cited in his study on urban growth
in the nineteenth century that 22% of Chinese population lived in cities with a
population over 100,000 ( Weber, 1899 ). Various scholars have estimated that the
urban population proportion of China ranged from 28% to 33% around 1936 ( Hu and
Zhang, 1984 ). The urbanization process was disrupted during the war against the
invasion from Japan ( 1937-1945 ) and the internal war between the Communist party
and Guo Min Dang party ( 1945-1949 ). However, it is interesting to note that the
urban proportion fell well below 20% for several decades since the foundation of the
People's Republic of China in 1949. From 1950 to 1977, the urbanization level rose
slowly from 10.6% in 1949 year-end to 17.6% in 1977 year-end. The urbanization
level at this time was well behind the world urbanization level and that of many
developing countries. This phenomenon made China somewhat distinctive or viewed
by some, a success in terms of levels of its urbanization and development ( Chen,
1973; Murphey, 1980; Wu and David, 1980; Buch, 1981 ). Others have pointed out
that China is more simply just a case of systematic underurbanization in planned
economy countries ( Ran and Berry, 1989 ). To achieve maximum capital accumulation
and industrial growth, the government used a series of measures to control urban
population growth and associated non-productive construction including housing.
~ Kirkby has provided an excellent coverage of the variety of measures used to restrain
urban growth in China (Kirkby, 1985). It is essential to have some knowledge of the
institutional context of the China's society to understand the urbanization process in the
country since the 1950s.

China is a well organized society. People are organized in basic units called residents
committees. These basic units are further grouped into a number of higher levels of
local and provincial governments. The central government - the State Council - is on
the top of this hierarchical network. The local governments include xiang ( rural
people's commune before 1983 ) government, town government, county government,
provincial government and municipal government. Xiang and town governments are in
the same lowest level of local government. Generally, at the prefectural level between
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county and provincial levels there is no government but a representative organization
from the provincial government. But if the prefectural level is a designated city, there
will be a municipal government at the prefectural level. A municipal government may
belong to one of the three different levels - county, prefectural or provincial. A
municipal gbvcmmcnt in the last two cases may control several counties in addition to
its core urban area. In this thesis, the urban areas refer to town areas and core urban
areas of cities excluding counties. The rural areas refer to county areas excluding
towns.

There is a parallel network of the communist party organizations which undoubtedly
has some strong impacts on the operations of the various levels of government.

In China, people's residence registrations are classified either as agricultural
population or non-agricultural population. This distinction is important for person's
standards of living. As non-agricultural population, they are eligible for a food ration
and a number of subsidies from the government. The government assumes the
responsibility to provide jobs, housing, food etc., for the non-agricultural population.
The government is keen to keep the non-agricultural population at a minimum level,
just enough to meet the labour demands of industrial growth. A most important
condition is that the government controls enough grain to feed the non-agricultural
population.

The government strictly and effectively constraints the transition of people from
agricultural population status to non-agricultural population status. There are only a few
ways in which individuals can change status. For example, enrolled undergraduate
students automatically become non-agricultural population if they were not already
before. In recent years, there has appeared some slight flexibility in regulating the non-
agricultural population status. For example, the wife and children of a professional may
obtain the non-agricultural population status to ease their life-style. The percentage of
the non-agricultural population increased from 15.8 in 1978 to 19.9 in 1987 ( DPS,
1988b ). But generally speaking, the control of the non-agricultural population growth
is still largely in tact.

Of course non-agricultural population growth is closely related to the urbanization
process in China. Actually, only the non-agricultural population in the urban areas are
counted as urban population before 1982. In 1982, the statistics of the urban
population was changed to include the agricultural and non-agricultural populations in
urban areas. This change was introduced to take account of the fact that non-
agricultural population growth is still strictly controlled while much of the so called
agricultural population is engaged in non-agricultural activities especially in urban and
more developed areas. Another reason to abolish the urban non-agricultural population
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statistics as urban population is the fact that the distinction of agricultural population
and non-agricultural population is not place-oriented. Many of the agricultural
population are in fact living in the same cities and towns as the non-agricultural
population and these people should sensibly be counted in the urban population.
Because of this change in the definition, the urban population proportion of China
changed from 14.5% to 21.1% at the end of 1982. Fortunately, statistics of the urban
population based on the 1982 definition are available from the 1950s to 1988.
Appendix A gives the urban population definition and the evolution of the criteria for
the designation of cities and towns in China.

Table 2-1 shows the relationship between the distinction of the agricultural population
and the non-agricultural population, and the distinction of the rural population and the
urban population in 1982, Table 2-2 shows the employment structures of the non-
agricultural population and the agricultural population in 1987.

The statistics of the urban population based on the 1982 definition are still strongly
affected by institutional and administrative factors. The urban population statistics are

Table 2-1 The urban-rural, agricultural-non-agricultural population division of
China in 1982 ( millions )

Non-agricultural  Agricultural Total  Percentage(%)

population population
Urban population 147 69 215 21.1
Rural population 32 770 802 78.9
Total 179 838 1017 100
Percentage(%) 17.6 824 100

Data source: SSB ( 1991 ); DPS ( 1988b)

Table 2-2 The agricultural-non-agricultural population and employment
division of China in 1987 ( millions )

Non-agricultural Agricultural Total  Percentage(%)

population population
Non-agricultural
employment 130 81 211 40.0
Agricultural
employment 8 309 317 60.0
Total 138 390 528 100
Percentage(%) 26.1 73.9 100

Data source: SSB (1988 )
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based on urban areas which are in turn based on the administrative designation of cities
and towns. These may not reflect the actual pace of urbanization in China because the
regulations for city and town designation may not be strictly and universally followed.
For example, the number of designated towns decreased from 5402 in 1953 to 2819 by
1982 and the average population scale of the towns increased from 4973 to 16,243
persons over this period. This change in the presentation of statistics may not in fact
indicate that there was a turnaround of urbanization ( Hu and Zhang, 1984 ).

Since 1978, because of the positive attitude towards urban development by the
government, those areas eligible for city or town status were approved for the status
more quickly than before. As a result of this policy change, the number of cities
increased rapidly from 191 in 1978 to 450 by 1989. In 1984, the regulation for the
town designation was changed so that many areas became eligible for town status. The
number of towns increased from 2819 in 1982 to 10,609 by 1988.

In summary, the urbanization process in China has been strongly affected by
government policy. Furthermore urban population statistics are also affected by
institutional factors and may not reflect the actual pace of urbanization. However, as
will be shown in the next section, it may also be true that China was underurbanized
most of the years between 1961-1977, and that the urban population based on the 1982
definition may be somewhat overcounted since 1983.

2.3.2 Urban population data series
It is essential to discuss the urban population data of China first as there has been
growing confusion about it. A new urban population definition was adopted in the
1982 census. Other urban population statistics covering various ranges of population
were also appeared in various statistics yearbooks causing growing confusion about the
urban population in China. In most studies undertaken by various researchers using
data before 1982, the registered non-agricultural population in the urban areas is used
as the urban population. This author prefers to use the official urban population
definition adopted in 1982 which includes both the agricultural and non-agricultural
populations in urban areas. The main reason is that this definition is adopted in the
official statistics published by the State Statistical Bureau of China before 1990. The
United Nations seem to have adopted this definition as well on the grounds that the
national statistical authorities are in the best position to distinguish between the urban
and rural populations in their own countries ( United Nations, 1989 ). Hereafter, the
statistics of the 1982 definition will be called urban population, and that of the old
definition will be called urban registered non-agricultural population.

However it needs to be restated that the urban population data based on the 1982

31



definition may be overcounted since 1983. The reason for this is that a number of new
cities and towns have been designated since 1983. These new cities and towns include
a substantial proportion of real agricultural population. As a result substantial
agricultural population has been included in the urban population statistics thereby
inflating the urban population totals. Figure 2-1 shows the growth of the urban
population and the urban registered non-agricultural population. The urban population
growth has speeded up since 1983 while the urban registered non-agricultural
population growth has been relatively stable. It is also relevant to examine the changes
in the two main components of the urban population: the city population and the town
population. Figure 2-2 shows that the city population growth has speeded up since
1983 probably because more and more places have been designated as cities. Though
this designation wave began in 1978, the gap between the city population and the city
registered non-agricultural population really only began to widen in 1983. This is
mainly due to the increase of new county-level cities which include considerable
agricultural population. Figure 2-3 shows that the town population growth was
suddenly increased in 1984 when the new regulation for the town designation was
introduced. The gap between the town population and the town registered non-
agricultural population has dramatically widened since then. Figure 2-4 shows the
changes of the proportions of the registered non-agricultural population in the city
population, the town population and the urban population. It is clear that the urban
registered non-agricultural population was a major proportion ( over 69% ) of the urban
population and that this proportion was rather stable at levels around 72% before 1983.
The gap between the urban population and the urban registered non-agricultural
population began to widen in 1983 in cities and in 1984 in towns. The registered non-
agricultural population proportion in the city population decreased from 67.84 in 1982
to 49.69 by 1987. The registered non-agricultural population proportion in the town
population decreased from 71.98 in 1983 to 25.96 by 1987. As a whole, the registered
non-agricultural population proportion in the urban population decreased from 69.55 in
1982 to 38.40 in 1987.

It is clear that urban population data after 1982 is not completely comparable with
those before 1982. Goldstein ( 1990 ) pointed out the inconsistency between the urban
population data and economic development. Comparing the 39.9% of the non-
agricultural employment in total employment with the 46.6% of the urban population in
the total population in 1987, it can be assumed that the urban population has been
somewhat overcounted since 1983. It seems necessary to adjust the urban population
data based on the 1982 definition to reflect the actual pace of urbanization in China
since 1983. In the 1990 population census, the State Statistical Bureau of China
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adopted another middle-way urban population definition. Cities are divided into two
types according to whether a city is further divided into city districts or not. All the
population including registered agricultural population and non-agricultural population
in the city districts are counted as urban population. This is in line with the 1982
definition. Only the registered non-agricultural population in the cities which do not
have city districts and in towns are counted as urban population. This is in line with the
urban registered non-agricultural population definition. In the most recent official urban
population data series ( SSB, 1991 ), the urban population data before 1982 are based
on the 1982 definition. The 1990 urban population figure is based on the above middle-
way definition. The urban population data in the period 1982-1990 are obtained by
gradually adjusting the 1982 figure to the 1990 figure. It is clear that this recent official
urban population data series is not consistent and comparable. For example, 13.48
million registered agricultural population in towns were counted as urban population in
1981 and these population accounted for 6.68% of the urban population in that year.
But no registered agricultural population in towns were counted as urban population in
1990.

One major reason to adopt the 1982 definition is the recent rapid increase of non-
agricultural employment which still registered as agricultural population. In other
words, the registered non-agricultural population no longer reflects the actual non-
agricultural population. Table 2-3 shows the growth of the non-agricultural
employment in the period 1978-1989. During this time the total non-agricultural
employment almost doubled from 117.79 million in 1978 to 220.45 million in 1989.
The proportion of the non-agricultural employment in total employment increased from
29.3% in 1978 to 39.8% in 1989. In the registered agricultural population, non-
agricultural employment almost tripled from 31.5 million in 1978 to 84.95 million by
1989, and its share of the total non-agricultural employment increased from 26.7% to
38.5%. It may be assumed that most of the non-agricultural employment growth in the
registered agricultural population may be provided by the registered agricultural
population in urban areas. As mentioned above, this probably is the main reason why
the government counts the registered agricultural population in the urban areas in the
urban population statistics. At the same time however the government is not willing to
register these persons as non-agricultural population to avoid considerable
responsibilities for providing grain, housing and subsidies etc. In fact, this non-
agricultural employment is responsible for itself. It has to acquire grain from native
places or from free markets and generally provides for itself.

Here an attempt will be made to estimate the urban population figures for the period
1983-1987 on the basis of the estimated urban actual non-agricultural population. First,
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Table 2-3 The growth of the non-agricultural employment in China,
1978-1989 ( millions)

Year Non-agricultural employment
in total population in agricultural population

Absolute Percent 2 Absolute Percent b
1978 117.79 29.3 31.50 26.7
1979 123.32 30.1 31.90 25.9
1980 131.80 31.1 35.02 26.6
1981 138.89 31.8 36.92 26.6
1982 143.78 31.7 38.05 26.5
1983 152.27 32.8 43.40 28.5
1984 172.70 35.8 58.88 34.1
1985 186.86 37.5 67.14 35.9
1986 199.71 38.9 75.22 37.7
1987 210.63 39.9 81.30 38.6
1988 220.26 40.5 86.11 39.1
1989 220.45 39.8 84.95 38.5
Data source: SSB ( 1989; 1990 )
Notes:

a: non-agricultural employment as a proportion of the total employment.
b: non-agricultural employment in the registered agricultural population
as a proportion of the total non-agricultural employment.

it is proposed that the urban actual non-agricultural population data may be estimated
from the urban registered non-agricultural population data and the non-agricultural
employment data, i.e., the urban registered non-agricultural population is inflated by
the ratio of the total non-agricultural employment to the non-agricultural employment of
the registered non-agricultural population. Table 2-4 shows the inflation ratios and the
estimated urban actual non-agricultural population. Second, the ratio of the urban actual
non-agricultural population to the urban population based on the 1982 definition is
calculated. Table 2-4 shows that the ratio was over 94% in the period 1978-1982 and
was gradually decreased to 62.55% by 1987. This change of the ratio indicates the
extent of the overcounting of the urban population based on the 1982 definition. The
urban population for the period 1983-1987 is estimated by applying the 1982 ratio to
the estimated actual non-agricultural population data. Figure 2-5 and table 2-5 presents
the three series of the urban population data for the period 1982-1987, one is based on
the 1982 definition ( SSB, 1989 ), one is most recent official series ( SSB, 1991 ), and
one estimated by this research.

2.3.3 Phases of urbanization since the 1950s
This section attempts to make a historical review of the urbanization processes ongoing
in China since the 1950s. The recent history of China is characterized by unstable
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Table 2-4

Year

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

Estimated urban actual non-agricultural population in China,

1978-1987 (millions)

Urban

population » non-agricultural
population

172.45
184.96
191.41
201.72
211.56
241.23
330.06
382.44
434.29
497.78

124.44
133.12
138.63
143.20
147.15
152.34
166.89
179.71
181.91
191.17

Urban registered Inflation

ratio b
Absolute

1.364 169.74
1.350 179.71
1.362 188.81
1.362 195.04
1.361 200.27
1.399 213.12
1.517 253.25
1.560 280.36
1.605 291.99
1.629 311.35

Data source: DPS ( 1988b ) and calculation by the author
Notes:
a: 1982 definition.
b: inflation ratio of actual non-agricultural population to registered non-agricultural

population.

Estimated urban non-
agricultural population

Percentc

98.43
97.16
98.64
96.69
94.66
88.35
76.73
73.31
67.23
62.55

c: urban actual non-agricultural population as a proportion of the urban population.
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Table 2-5 Official and estimated urban population totals in China,
1982-1987 (millions)

Year Estimation Official (1991) 1982 definition
by the author Series

1982 214.80 214.80 214.80
1983 225.14 222.74 241.50
1984 267.54 240.17 331.36
1985 296.18 250.94 384.46
1986 308.46 263.66 441.03
1987 328.91 276.74 503.62

Data source: 1982 definition and the official 1991 series from SSB ( 1989; 1991 )

fluctuations of social and economic developments associated with a series of large and
small political movements. Urban population growth is no exception. Urbanization
during this time can be divided into five phases ( Hu and Zhang, 1984 ). Note that the
fifth phase can be extended to 1987. Although most discussions draw on the research
of Hu and Zhang, it must be recognized that the urban population figures in the period
1949-1982 are based on the 1982 definition. Table 2-6 and figure 2-6 show the growth
of the total population and the urban population in China since the 1950s. Table 2-7
shows the urban population growth in China in the above various phases. Figure 2-7
shows the change of the urban population proportion in the total population. Here all
figures are of year-end.

Phase 1: 1950-1957. The years 1950-1952 comprise the three year economic
recovery period. The first five-year plan period applies to the second part of the phases
1953-1957. This phase is often described as a rapid but normal period of urban
growth. Urban population increased by 72.6% from 57.65 million in 1949 to 99.49 in
1957. On average, this represents an increase of 5.23 million each year. The urban
population proponion of the total population increased by 4.8 points from 10.6 in 1949
to 15.4 by 1957. It is estimated that 56% of the urban population growth was
contributed by net in-migrations from the rural areas though the natural increase rate of
the urban population was over 3%, much higher than that of the rural population. The
government attempted to implement stern rule on migration and to send back recent
migrants in the urban population to the rural areas in 1955 so that there was net out-
migration from the urban areas to the rural areas in that year ( see Kirkby, 1985 ).
However most of these persons may have moved back to the urban areas along with
other new migrants in 1956. The year 1956 is the only year in this phase when in-
migration to the urban areas is regarded subsequently by commentators as too great.
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Table 2-6 Growth of total population and urban population
in China, 1949-1987 ( millions )

Year Total Urban population
population  Absolute Percent
1949 541.67 57.65 10.6
1950 551.96 61.69 11.2
1951 563.00 66.32 11.8
1952 574.82 71.63 12.5
1953 587.96 78.26 13.3
1954 602.66 82.49 13.7
1955 614.65 82.85 13.5
1956 628.28 91.85 14.6
1957 646.53 99.49 15.4
1958 659.94 107.21 16.2
1959 672.07 123.71 18.4
1960 662.07 130.73 19.7
1961 658.59 127.07 19.3
1962 672.95 116.59 17.3
1963 691.72 116.46 16.8
1964 704.99 129.50 18.4
1965 725.38 130.45 18.0
1966 745.42 133.13 17.9
1967 763.68 135.48 17.7
1968 785.34 138.38 17.6
1969 806.71 141.17 17.5
1970 829.92 144.24 17.4
1971 852.29 147.11 17.3
1972 871.77 149.35 17.1
1973 892.11 153.45 17.2
1974 908.59 155.95 17.2
1975 924.20 160.30 17.3
1976 937.17 163.41 17.4
1977 949.74 166.69 17.6
1978 962.59 172.45 17.9
1979 975.42 184.95 19.0
1980 987.05 191.40 19.4
1981 '1000.72 201.71 20.2
1982 1016.54 214.80 21.1
1983 1030.08 225.14 21.9
1984 1043.57 267.54 25.6
1985 1058.51 296.18 28.0
1986 1075.07 308.46 28.7
1987 1093.00 328.91 30.1

Data source: 1983-1987 urban population data estimated
by the author. Others from SSB (1991)
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Table 2-7 Phases of urban population growth in China since the 1950s ( millions )
Total change Average annual change
Phase Absolute Percentage Change Absolute Change
increase increase in share increase in share
1950-57 41.84 72.6 4.8 5.23 0.60
1958-60 31.24 31.4 4.3 10.41 1.43
1961-66 2.40 1.8 -1.8 0.40 -0.30
1967-76 30.28 22.7 -0.5 3.03 -0.05
1977-87 165.50 101.3 12.7 15.05 1.15
1950-87 271.26 470.5 19.5 7.14 0.51

Data source: See table 2-6

Phase 2: 1958-1960. This is the " Great Leap Forward " period when the government
attempted to increase industrial output, especially iron and steel, rapidly and realize
communism in a short period. Various small iron and steel works were established to
increase iron and steel output. During this period, the urban population increased by
31.24 million from 99.49 million in 1957 to 130.73 million in 1960. On average, the
urban population increased by 10.41 million each year which was about two times

more than in the first phase. The urban population proportion increased by 4.3 points
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from 15.4 in 1957 to 19.7 by 1960. It is estimated that 90% of the urban population
growth was contributed by net in-migrations from the rural areas. The " Great Leap
Forward "movement ( along with some unfortunate natural disasters ) brought about a
sharp decline in the agricultural production. The grain output per capita decreased by
28.5% from 303kg in 1958 to 217kg in 1960. The government faced great difficulties
in obtaining grain to feed the increased non-agricultural population, most of these being
defined as urban population. Dramatic events occurred in the next phase.

Phase 3: 1961-1966. In this period, the government determined to send back many
urban residents to the rural areas in an attempt to solve the crises. The food shortage
problem however also occurred and was much more severe in the rural areas. It is
estimated that about 30 million people were sent back to the rural areas. This figure
almost equals the total urban population growth in the previous phase. Due to natural
increase, the urban population increased slightly by 1.8 to 133.13 million by 1966. The
urban population proportion decreased by 1.8 points from 19.7 in 1960 to 17.9 in
1966. It is in this period that the really effective measures of migration control and
urban resident deportations were developed.

Phase 4: 1967-1976. This is the turbulent " Cultural Revolution " period. Normal
administrative, social and economic orders were disrupted. In ten years, the urban
population only increased by 30.28 million from 133.13 million in 1966 to 163.41
million in 1976. On average, the urban population increased by only 3.03 million each

year. The urban population share of total population even slightly decreased by 0.5
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point. The urbanization process then was almost stagnant in this period.

One distinctive feature of this period is the large scale migrations in both directions
between the urban areas and the rural areas. On the one hand, it is estimated that about
30 million urban youths and other urban residents, including workers, cadres and
members of the intellingentia most of them with some kind of "political" problems,
were sent to the rural areas to be re-educated by the poor and lower-middle peasants.
On the other hand, it is estimated that about 20 million rural peasants were recruited by
urban enterprises and organizations to meet their labour demands and hence became
urban residents. Taking into account of other normal rural to urban migrations, it is
estimated that net migrations from the urban areas to the rural areas were about 5
million in this phase.

Phase 5: 1977-1987. This is the period after the " Cultural Revolution ". With the
improved political climate, millions of people who were removed to the rural areas
during the previous phase were able to come back to the urban areas.

The economic reform since 1978 has brought about dramatic changes in various
aspects of the social and economic development of China. Most important of all is the
strategic change of the objective of the production. For a long period since 1950s, the
government was keen to maximize capital accumulation and industrial expansion,
especially in heavy industry, while at the same time suppressing the consumption
demands of the population. From 1978 onwards, it was recognized that it is important
to improve the living standards of the people. More and more products have been
manufactured to meet consumption needs. Almost every person during this period has
felt an improvement in living standards including housing. This strategic change has
brought about economic growth as well as job opportunities especially in the non-
agricultural sectors and urban areas. Secondly, urban growth is recognized as a positive
factor in facilitating economic growth. Cities are regarded as economic centres being
able to stimulate regional and national economic growth.

In 1984, new criteria for town designation were introduced so that more places were
eligible for town status. Since then, the number of towns has been dramatically
increased. In 1982, there were only 2819 towns. But in 1988, there were 10,609
towns. In the mean time, with economic growth and urban development, more places
have become eligible for the city status. The number of cities was increased from 189 in
1977 to 381 in 1987.

As a result, the urban population increased by 165.50 million, or 101.3%, from
163.41 million in 1976 to 328.91 million in 1987. On average, urban population
increased by 15.05 million each year. The urban population proportion has increased
by 12.7 points from 17.4 in 1976 to 30.1 in 1987. The result was that urban population

42



more than doubled in eleven years.

2.4 Conclusion

In summary, the urbanization process in China since 1950s is characterized by much
instability and numerous fluctuations. The relatively rapid urban growth in the first
phase 1950-1957 is regarded as normal. The " Great Leap Forward " period of the
second phase may be regarded as an overurbanizing period. As a result of this
overurbanization and the dramatic repatriations of the " Cultural Revolution ", the
urbanization process was stagnant for two phases 1961-1966 and 1967-1976. During
these two phases, the rural areas were used as a reservoir for a huge number of
unwanted urban residents. Though many people were recruited and became urban
residents during 1967-1976, generally speaking, urban population growth was slow
compared with the rate of industrial growth in that period. The stagnant urbanization
process partly resulted from the government's disregard of the demands for urban
construction and increased consumption by the population. The notion of
underurbanization is probably applicable to this period.

Rapid urban population growth has occurred in the last phase since 1977. More and
more places have been designated as cities and towns because of the favourable policy
of the government towards urbanization. The urban population based on 1982
definition may indeed be overcounted since 1983. Nevertheless, the estimated urban
population based on the urban actual non-agricultural population shows that the urban
population has probably doubled in this phase.

It seems quite clear that urbanization process in the recent history of China has been
much affected by the government's policies and political movements. As a well-
organized society under the leadship of the Communist party, this is inevitable. With
the transition of China's economy towards a market economy, many powers are being
decentralized. The future urbanization process may be subjected to less disturbance
from the political movements. On the other hand, ongoing transition towards a market
economy also runs the risk of losing control of rural to urban migration. If so,
overurbanization and urban poverty may appear as already occurred in many
developing countries. What will really happen depend on the balance of the
government's regulation and the force of rural to urban migration.

This chapter aims to examine the forces driving the urbanization process in the world
and particularly in China. The discussions on China's urbanization in the recent history
may provide a background for further demographic analysis of urban-rural population
changes. In the next chapter, an attempt will be made to analyze the urban-rural
population dynamics in China.

43



References

Bourne L S, 1991, " Recycling urban systems and metropolitan areas: a geographical
agenda for the 1990s and beyond ", Economic Geography , 67, 185-209

Buck D D, 1981," Policies favoring the growth of smaller urban places in the People's
Republic of China, 1949-1979 " in: Laurence J C Ma and E W Hanten (eds), Urban
Development in Modern China ( Boulder: Westview Press ) pp. 114-146

Chen Cheng-Siang, 1973, "Population growth and urbanization in China 1953-1970",
Geographical Review , 63, 55-72

Chung Hyun Ro, 1976, " The Seoul phenomenon " in: Social Science Research
Institute, International Christian University (eds), Asia Urbanization ( Tokyo:
The Simul Press, Inc ) pp. 55-68

Davis K, 1977, " The effect of outmigration on regions of origin "in A A Brown and
E Neuberger (eds), Internal Migration: A Comparative Perspective ( New York:
Academic Press ) pp. 147-166

DPS,1988a, 1% Population Sample Survey of China , Dept. of Population Statistics,
State Statistical Bureau ( Beijing: China Statistical Press, in Chinese )

DPS,1988b, China Population Statistics Yearbook 1988 , Dept. of Population
Statistics, State Statistical Bureau ( Beijing: China Prospect Press, in Chinese )

Fielding A J, 1989, " Population redistribution in western europe: trends since 1950
and the debate about counter-urbanization ", in: P Congdon and P Batey (eds),
Advances in Regional Demography: Information, Forecasts, Models ( London:
Belhaven Press ) pp. 167-179

Firebaugh G, 1985, " Core-periphery patterns of urbanization " in: M Timberlake
(ed), Urbanization in the World Economy ( New York: Academic Press, Inc )
PP. 293-304

Frey W H, 1989, " United States: counterurbanization and metropolis development "
in: A G Champion (ed), Counterurbanization: the Changing Pace and Nature of
Population Deconcentration ( London: Edward Arnold )

Frost M and Spence N, 1991, " British employment in the eighties: the spatial structural
and compositional change of the workforce ", Progress in Planning , 35, 75-168

Goldstein S, 1990, " Urbanization in China, 1982-87 effects of migration and
reclassification ", Population and Development Review , 16, 673-701

Greenwood M J, 1985, " Human migration: theory, models and empirical studies ",

Journal of Regional Science , 25, 521-544

Greenwood M J et al., 1989, " Regional location patterns in the United States: recent
changes and future prospects ", in: J V Dijk et al. (eds) Migration and Labour Market
Adjustment ( Dordrecht: Kluwer Academic Publishers ) pp. 23-45

44



Hall P, 1984, The World Cities (London: Weidenfeld and Nicolson ) pp. 1-22
Harris J R and Todaro M P, 1970, " Migration, unemployment and development: a
two- sector analysis ", American Economic Review , 60, 126-42 ‘

Hu H and Zhang S,1984, Population Geography of China ( Shanghai: East China
Normal University Press, in Chinese )

Kirkby R J R, 1985, Urbanisation in China Town and Country in a Developing
Economy 1949-2000 AD ( London: Croom Helm )

Lee K S, 1984, " The direction of migration: a dynamic general equilibrium model ",
Journal of Regional Science , 4, 509-517

Ma Laurence J C and Cui G, 1987, " Administrative changes and urban population in
China ", Annals of the Association of American Geographers , 77, 373-395

Miyao J, 1983, " Rural and urban population changes and the stages of economic
development: a united approach ", Environment and Planning A, 15, 1161-1174

Murphey R, 1980, " The urban road to development " in: C K Leung and N Ginsberg
(eds), China: Urbanization and National Development , Research Paper No. 196,
The Department of Geography, The University of Chicago, pp. 111-129

Ofer G, 1977, " Economizing on urbanization in socialist countries: Historical necessity
or socialist strategy ", in: A A Brown and E Neuberger (eds), Internal Migration: A
Comparative Perspective ( New York: Academic Press ) pp.277-303

Ran M and Berry B J L, 1989, " Underurbanization policies assessed: China, 1949-
1986 ", Urban Geography , 10, 111-120

Renaud B, 1981, National Urbanization Policy in Developing Countries ( New York:
Oxford University Press )

Rowthom B,1986, " De-industrialisation in Britain ", in: R Martin and B Rowthom
(eds), The Geography of De-industrialisation ( Hampshire: Macmillan Education
LtD ) pp.1-30

SSB, 1988, China Statistics Yearbook 1988 , State Statistical Bureau ( Beijing: China
Statistics Press, in Chinese )

SSB, 1989, China Statistics Yearbook 1989 , State Statistical Bureau ( Beijing: China
Statistics Press, in Chinese )

SSB, 1990, A Statistical Survey of China , State Statistical Bureau ( Beijing: China
Statistics Press, in Chinese )

SSB, 1991, China Statistics Yearbook 1991 , State Statistical Bureau ( Beijing: China
Statistics Press, in Chinese )

Sternlied G and Hughes J W, 1977, " New regional and metropolitan realities of
America ", Journal of American Institute of Planners , 43, 227-241

45



Timberlake M and Lunday J, 1985, " Labor force structure in the zones of the world
economy 1950-1970 " in: M Timberlake (ed),Urbanization in the World Economy
( New York: Academic Press, Inc ) PP. 325-382

United Nations, 1962, Demographic Yearbook 1962 , Department of International
Economic and Social Affairs ( New York: United Nations )

United Nations, 1989, Prospects of World Urbanization 1988 , Department of
International Economic and Social Affairs ( New York: United Nations )

United Nations, 1991, Demographic Yearbook 1989 , Department of International
Economic and Social Affairs ( New York: United Nations )

Weber A F, 1899, The Growth of Cities in the Nineteenth Century ( New York: The
Macmillan Company )

Wood J S, 1988, " Suburbanization of center city ",Geographical Review, 78, 325-29

Wu C and David F Ip, 1980, " Structural transformation and spatial policy " in:
CK Leung and N Ginsberg (eds), China: Urbanization and National Development,
Research Paper No. 196, The Department of Geography, The University of
Chicago, pp. 56-88

46



3
Analysis of urban-rural population dynamics

3.1 Introduction

One of the direct results of urbanization processes is differential urban and rural
population change. In chapter two, an overview of the forces behind urbanization and
the urbanization problems in China was presented. In this and the next chapter, an
attempt will be made to analyze the urban-rural population dynamics of China and to
make projections of the urban and rural populations in future. The multiregional
(multistate) population modelling approach is adopted in this research rather than time-
series extrapolation method because of concern for the population states in both the
urban and the rural areas as urbanization proceeds. Detailed analysis of the impact of
urbanization on population growth can only be carried out via an age-specific
multiregional population model.

A general description of the urban-rural population system is provided in section 3.2.
Population accounts and demographic rates estimation methods are discussed in section
3.3. The procedure to construct multiregional life tables will be discussed in section
3.4. The urban-rural population life tables are used to calculate fertility expectations in
section 3.5 and out-migration expectations in section 3.6. The main findings are
summarized in section 3.7. But first it is instructive to make a brief review of the state
of the art of the multiregional population modelling.

Demographic models have been used in population analysis for a long time. Classic
models include the life table model and the component-cohort survival model. They
often deal with single region populations which are assumed to be closed in most cases.
Only net migration is included in some cases. Since the middle 1960s, multiregional
population models and multiregional life tables have been developed by Rogers and his
collaborators ( Rogers, 1966; 1973; 1975 ). Parallel to these developments,
multiregional population accounts and accounts-based multiregional population models
have been developed by other researchers. As pointed out by Rees and Wilson ( 1975),
most population models have a problem of failure to match exactly age groups in the
numerators and denominators of rate definitions. Their multiregional population
accounts have the advantages that all demographic flows are systematically and
precisely specified, so rates can be correctly defined and estimated. It is worthwhile to
discuss multiregional population accounts first ( Rees and Wilson, 1977 ).

Consider an aggregated case of two regions i and j. Following Rees and Wilson
(1977), there are eight demographic flows from region i to region i or region j in period
t to t+u:
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S-flow Peisi is the population who exist in region i at time t and survive in
region i at time t+u.

M-flow Peis is the population in region i at time t who migrate and survive in
region j at time t+u.

D-flow Peidi js the population in region i at time t who die in region i before time
t+u.

MD-flow Peidj is the population in region i at time t who migrate and die in region
j before time t+u.

B-flow Pbisi is the number of births in region i who survive in region i at time
t+u.

BM-flow Pbisj is the number of births in region i who migrate and survive in

region j at time t+u.

BD-flow Pbidi js the number of births in region i who die in region i before time
t+u.

BMD-flow  Pbidj is the number of births in region i who migrate and die in region
j before time t+u.

Here u is the length of the period. There are eight similar demographic flows from
region j to region i or region j in period t to t+u.

Population accounts can be constructed on the basis of the demographic flows
identified above. Estimation procedures may need to be adopted or developed for the
specific population data available. For example, transition data and movement data need
different procedures. A multiregional population model can be developed on the basis
of this type of population accounts framework ( Rees and Wilson, 1977; Rees, 1989 ).
Similar multiregional population models have been developed by Rogers (1966, 1975).

A life table deals with the life process of a group of people born at the same time. It is
widely used in population analysis and projection. The multiregional life table was
originally developed by Rogers ( 1973, 1975 ). Rees and Wilson ( 1977 ) also deal
with the multiregional life table concept in the context of population accounts.

With some assumptions, model multiregional life tables can be constructed and
specified as f (EXP, q ). EXP is a diagonal matrix of regional expectations of life at
birth. A matrix of migration levels comprise q. The model multiregional life table is
useful to estimate basic multiregional demographic measures from incomplete data for
population projection ( Rogers, 1975 ).

The concept of a stable multiregional population is discussed by Rogers and
Willekens ( 1984 ). The regional age compositions and regional shares of a closed
multiregional population are completely determined by the initial state and recent history
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of fertility, mortality and internal migration. If a multiregional population has been
subjected to unchanged fertility, mortality and migration schedules for a long time, it is
called a stable multiregional population which has stable regional age compositions and
regional shares, constant regional annual rates of birth, death and migration, and a fixed
multiregional annual rate of growth.

The evolution of a multiregional population is governed by various rates of fertility,
mortality and migration. There are remarkably persistent regularities in age-specific
fertility, mortality and migration rates ( Rogers, 1984 ). These age-specific rates can be
expressed by mathematical functions called schedule models. Schedule models help to
reduce the input variables of a multiregional population model, to separate the level of a
component from its distribution across the ages, and to link trends of the model
parameters to social or economic developments ( Rees, 1989 ).

Public concern and debate over population control have a long history. Population
control policies are sometimes proposed in specific cases, though different views of the
results on population growth exist ( Simon, 1986 ). Multiregional population control
can be realized by control of regional birth rates or inter-regional migration. A
multiregional population control model to account for such features has been discussed
by Rogers ( 1984 ).

In recent years, demographic-economic models which take into account of the effects
of the social-economic factors on demographic change rates have also been developed
for the purposes of population projection ( for example, Ledent, 1982; Isserman, 1985;
1986; Isserman et. al., 1985 ). Some of these will be returned to in chapter four.

3.2 The urban and rural population system

The spatial population system of interest consists of two interrelated parts: the urban
population and the rural population of China. The system as a whole may be termed an
urban and rural population system. The division of the urban population and the rural
population is based on the definition of the urban area ( cities and towns ) and the rural
area ( counties ) in 1987. The whole population system is assumed to be closed to
external migration. The age and time intervals used in the models for this research are
one year.

The urban and rural population system can be described by multiregional population
accounts. Critical demographic parameters which describe the urban-rural population
dynamics can be derived from multiregional population accounts. An urban-rural
population model can also be established on the basis of multiregional population
accounts. Hence, the first step is to estimate multiregional population accounts from the
population data available.
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Table 3-1 is the population account for period-cohort a, gender g of region i (urban )
and region j (rural ). a=1, 2, ..., A; g=m, f. A is an open ended last period-cohort, so
A+1 is also A.

Table 3-2 is the population account of infants of gender g.

The variables are defined as follows:

Pk*gg(t) is the starting population of region k in period t to t+1 in period-cohort a
of gender g, k=i,j. Period-cohort a refers to the same population group
in the period t to t+1 that belongs to age-group a in time t.

P*kag(t+1) is the ending population of region k in period t to t+1 in period-cohort a
of gender g, k=i,j.

prdk,, is the population in period-cohort a of gender g who died in period t to
t+1 in region k, k=i,j.

Peksl, g is the population of period-cohort a of gender g who exist in region k at

time t and survive in region | in period t to t+1, k=i,j; I=i,j.

Table 3-1 The population account for period-cohort a and gender g

Ending state in period t to t+1

Die in Diein

Urban Rural Urban Rural Totals
Starting  Urban  Peisi;; Peisjy, Peidi,, Peidj,, Pi*5p(t)
state Rural Pejsigg  Peisigy Pejdigy Pejdjyg Pi*a5(t)
attime t

Totals Ptigg(t+1) Prigg(t+1)  P*dig, P*djgg P** 5

Note: for key to entries see text

Table 3-2 The population account of infants of gender g

Ending state in period t to t+1

Die in Die in
Urban Rural Urban Rural Totals
Starting  Urban Pbisi,  Pbisj, Pbiﬁlig Pbidjg Pbi“g
state Rural Pbjsig  Pbisig Pbjdiy Pbjdi, Pbj*g
in period
ttot+l
Totals Pb*ip, Pb*jp, Pb*diy, Pb*djo, Pb**o,

Note: for key to entries see text

50



Pekdl, g

*
Pbk*,

Pbksl,

Pbkdl,

Pb*kg,

Pb*dkg,

is the population of period-cohort a of gender g in region k at time t who
die in region 1 in period t to t+1, k=i,j; 1=i,j.

is the number of infants of gender g in region k in period t to t+1, k=i,j.
is the number of infants of gender g in region k who survive in region 1
in period t to t+1, k=i,j; 1=i,j.

is the number of infants of gender g in region k who die in region 1 in
period t to t+1, k=i j; I=i,j.

is the number of infants of gender g at the end of period t to t+1 in
region k, k=i,j.

is the number of infants of gender g who die in region k in period t to

t+1, k=i,j.

Population accounts equations can be obtained from population accounts in table 3-1

and table 3-2. Row sum equations of period-cohort a of gender g are as follows:

Pi*y5(t) = Peisiyy + Peisjy, + Peidiy, + Peidj,, 3-1

Pj*ag(t) = Peisigg + Peisigg + Peidiyg + Peidigg 3-2)
Column sum equations of period-cohort a of gender g are as follows:

P*igg(t+1) = Peisiyg + Pejsiyg 3-3)

P*iag(t+1) = Peisipg + Peisiyg (34

P*diy, = Peidiy, + Pejdiy, (3-5)

P*dj,g = Peidjyg + Peidjy, (3-6)
Row sum equations of births of gender g are as follows:

Pbi*, = Pbisi, + Pbisj, + Pbidi; + Pbidj, 3-7)

Pbj*g = Pbjsi; + Pbjsjg + Pbjdi; +Pbidjg (3-8)
Column sum equations of births of gender g are as follows:

Pb*igg(t+1) = Pbisiy + Pbjsiy (3-9)

Pb*jgg(t+1) = Pbisjy + Pbisjg (3-10)

Pb*dig, = Pbidi, + Pbjdi, (3-11)

Pb*djy, = Pbidj, + Pbjdj, (3-12)

The main population data source used in this research is the 1% population sample

survey of China in 1987 ( DPS, 1988 ). The following population data are available:

the data P*k,; and Pb*kg, of the ending population of every one-year period-cohort, the

birth data Pbk*; and the death data D*k,g which gives the population who died at age a

and involves two period-cohort a and a+1 in the period 1986 to 1987, and the data of
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migration population Mkl,; who are in périod-cohort a in the period 1986 to 1987 and
have migrated in the period 1982 to 1987 and still survive at the end of period 1986 to
1987. In next section, estimation methods are discussed to establish population
accounts in the period 1986 to 1987 from these population data that are available.

3.3 Population accounts and demographic rates estimation
Population accounts and demographic rates estimation methods will be developed on
the basis of population accounts equations. The definitions of mortality rates and
migration rates will be discussed first.

Basically, demographic rates can be defined in three ways. Take a simple single
region example, assume the population of period cohort a is P,(t) at time t and Py(t+1)
at time t+1. The population that died during the period t to t+1 is given by:

Da(t,t+1) = Py(t-1) - Py(t) (3-13)
An average mortality rate or occurrence-exposure rate ul, can be defined as follows:
uly = Da(t,t+1) / PAR, = D,(t,t+1) / ( 0.5P4(t) +0.5 Py(t+1)) (3-14)

where PAR, is the population at risk and is most convenicntly defined as the average
population over the time interval ( Rees, 1989 ).

A forward mortality rate which is often used in population projection models can be
defined as:

u2, = Da(t,t+1) / Py(t) (3-15)
A backward mortality rate can be defined as:

u3, = Dy(t,t+1) / Pa(t+1) (3-16)
There is a unique relation among the three mortality rates defined above:

ul,=2u2,u3, /(u2; +u3,) (3-17)

In this section, the forward demographic rate definition only is used so that estimation
results can be input directly to the population projection model.

Mortality rates for period-cohort a of gender g for the urban region are defined as
follows:

Uigg = P*digo/( Peisigg + (.5 Peisjpg + (.5 Peisigg + P*diy )
= P*digg/( P*igg (t+1) + 0.5 Peisiyg - 0.5 Peisiyg + P*diy, )
a=l1, 2, ..., A-2 (3-18)

These equations apply to age groups up to A-2. The last two age groups in this case
experience no migration and will be dealt with using a single-region method.

The denominator of RHS of equation (3-18) is the initial population corresponding to
deaths of period-cohort a of gender g in the urban region. Similarly, mortality rates for
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period-cohort a of gender g for the rural region are defined as:
Wag = P*digg/( P*iag (t+1) + 0.5 Peisigg - 0.5 Peisjpg + P*djyg )
a=1, 2, ..., A-2 (3-19)
Similarly, mortality rates for infants of gender g for the urban region and the rural
region are defined as:
uigg = Pb*dig,/( Pbisig + 0.5 Pbisj; + 0.5 Pbisiy + Pb*dig, )
= Pb*dig,/( Pbi*, - 0.5 Pbisj; + 0.5 Pbisiy + Pbjdiy - Pbidjg )
(3-20)
uigg = Pb*djg, /( Pbj*g - (0.5 Pbisig + 0.5 Pbisj; + Pbidj, - Pbjdiy ) (3-21)
A more general version of the mortality rate uk,, is defined for later use as the
mortality rate of period-cohort a of gender g in region k, k=i,j; a=0, 1 ,..., A; g=m,f.
Out-migration rates for period-cohort a of gender g for the urban region are defined
by migration flow Peisj,; dividing by initial population Pi*se(t) as follows:
mijg = Peisiyg/Pi*y, (1) (3-22)
Similarly, out-migration rates for period-cohort a of gender g for the rural region are
defined as:
miiyg = Pejsiyo/Pi*a5(t) (3-23)
Similarly, out-migration rates for infants of gender g for the urban region and the rural
region are defined as:

mijpg = Pbisjy/Pbi*, (3-24)

miigg = Pbisiy/Pbj*, (3-25)
It is convenient to define in-migration rates as well for later use as follows:

imiigg = Peisigo/Pi*yg(t) = mijyy Pi*ap(t)/Pi*y5(t) (3-26)

imilyg = Pejsiag/Pi*ag(t) = miiyg Pi*ag(t)/Pi*4e(t) (3-27)

imijog = Pbisjg/Pbj*; = mijp, Pbi* /Pbj*, (3-28)

imiigy = Pbisig/Pbi*, = miigg Pbj*y/Pbi*y (3-29)

More general definitions of out-migration rates and in-migration rates for later use can
also be expressed: mkly, is the out-migration rate of region k to region 1, k=i,j; I=i,j; and
imkl,, is the in-migration rate of region | from region k, k=i,j; I=i,j.

Population accounts estimation equations will be derived as follows. Equations for
flows of non-survival migrants of period-cohort a of gender g may be obtained on the
basis of the forward mortality rate definition:

Peidjyy = 0.5uiyg Peisizg / (1-0.5 uizg - 0.5 wyg ) (3-30)
Pejdigy, = 0.5uisg Peisigg / (1-0.5 uizg - 0.5 uigg ) (3-31)
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Here the initial potential migration population is estimated from the survival migrants
first. Then the number of non-survival migrants is estimated by the initial potential
migration population multiplying by the mortality rate and 0.5, the average exposure
interval. It is assumed that the average exposure interval of the potential migration
population is one half year in each region.

Different equations for flows of non-survival migrants of infants of gender g may be
obtained as follows, as both the initial and ending populations of infants are known:

Pbidj; = (.5Pbisjg / (1-0.5 uigg - 0.5 wipg ) - 0.5 Pbisjy (3-32)
Pbjdiy = 0.5Pbisiy / (1-0.5 uigg - 0.5 uipg ) - 0.5 Pbisig (3-33)

Substitute equations (3-32) and (3-33) into equations (3-20) and (3-21) and using
migration rate definitions (3-24), (3-25), (3-28) and (3-29), the following equations
are obtained for mortality rates of infants of gender g:

uigg = Pb*dige/( Pbi*g( 1 - 0.5 ( miigg - imiigg )/( 1 - 0.5 (uigg + wigg ))))
(3-34)
wigg = Pb*digg/( Pbi*g( 1 - 0.5 ( miigg - imiigg )/( 1 - 0.5 ( uigg + uigg ))))
(3-35)
Substitute population accounts equations (3-1) and (3-2) into the migration rate
definition equations (3-22) and (3-23), the following equations are obtained:
Peisjyy = mijyg( Peisiyg + Peisjyy + Peidiy, + Peidiy, ) (3-36)
Pejsiyg = miigg( Peisizg + Peisiyg + Peidigg + Peidjyg ) 3-37)
Pi*gg + Pi*yg = Peisiyg / mijyg + Pejsigy [ milyy = P*igg + P¥ipg + P*digy + P*diyp
(3-38)

The following equation can be obtained from (3-38):

Peisjpg = miigg ( P*igg + P*ipg + P*digg + P*djy, - Pejsiyg /milyg)  (3-39)

Substitute Peisigg and Peidj,, from equations (3-4) and (3-6) into equation (3-37), the
following equation is obtained:

Pejsiyg = miiag( Peisiag + P*iyg - Peisigg + Peidigy + P*djgg - Peidiyo ) (3-40)

Substitute Peidj,, and Pejdigg from equations (3-30) and (3-31) into equation (3-40),
then

Pejsigg = milyg( Peisiag + P*isg - Peisizg + 0.5uisg Pejsigg / (1-0.5 uigg - 0.5 uigg)
+ P*djgg - 0.5uigg Peisigg / (1-0.5 uigg - 0.5 uigg ) )
= miigg( Pejsigg (11 + 0.5uiag / (1-0.5 uigg - 0.5 uiag ) )
- Peisjgg (1 + 0.5uag / (1-0.5 uigg - 0.5 wizg )) + P¥igg + P*djp,  (3-41)

Substitute Peisj,y from equation (3-39) into equation (3-41), and the following
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estimation equation for Pejsiy; can be obtained:
Pejsiyg = miiag ( P*iag + P*digg - milgg(P*iag + P*iag + P*digg + P*diy;)
(1 + wigg /( 2 - uigg-uigg ))) /(1 - miigg( 1 + uigg / (2 - uigg - Uigg )
- Milgg( 1 + Wag /( 2 - uigg-uliag ))) (3-42)
A similar estimation equation for Peisiy, can be obtained in the same way. The general
estimation equation for Peksl,, is given by: !
Peksly, = mkly, ( P*kyy + P*dkyy - mik, (P*kyg + P*lyy + Pk, +
P*dlag) (1 4+ ukag /(2 - ukyg-ulyg ))) /( 1-mklgg( 1 + ulyg /
(2 - uky - ulyg)) - mikyg( 1+ ukyg /(2 - ukgg-ulyg )))
k=i, j; I=i, j; k=l (3-43)
The following equation can be derived to estimate Pb*dkg, by using equations (3-32)
and (3-33) and the migration rate definitions (3-24), (3-25), (3-28) and (3-29):
Pb*dkg, = Pbk*, - Pb*kg,(t+1) + Pblsk, - Pbksly - Pbkdl, + Pbldk,
= Pbk*; (1 - 0.5 ( mklgg - imlkgg )/( 1 - 0.5 (ukog + ulgg ))

- 0.5 ( mKlgg - imlkgg )) - Pb*kgy(t+1)

k=i, j; 1=i, j; k#l (3-44)

The following equations are used to estimate P*dk,:
P*dk;, = D*kgq - Pb*dkg, + (.5 D*ky, k=i, j (3-45)
Prdkg = 0.5 (D*kapg + DKy ) a=2, 3, ..., A-2; k=i,j (3-46)

Here D*ky, is the population of gender g who die at age a in region k in period t to t+1,
which is the available death data.

Given migration rates, mortality rates can be estimated using equations (3-44), (3-45),
(3-46), (3-43), (3-18), (3-19), (3-34) and (3-35). Mortality rates for period-cohort A-1
and A ( A=101, the last age group aged 100 at the beginning of a period ) are estimated
using a single region method, as these populations experience no migration.

It is more difficult to estimate the migration rates. The migration data MKl for the past
five years are reported. The expression Mkl,, is the migration of population of period-
cohort a of gender g in period t to t+1 who have migrated in period t-4 to t+1 and
survive at the end of period t to t+1. The basic idea of deriving the migration rate
estimation equations is to construct equations for five-year total migrations on the basis
of one-year migration rates. The first four-year total migrations of a period-cohort can
be estimated using the one-year migration rates of younger period-cohorts. Then the
final year migrations are calculated to estimate the one-year migration rate of the period-
cohort concerned. The estimation method proceeds from the infant cohort to the last
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period-cohort.
The following equations which link the starting and the ending states of the same
period-cohort are used to derive the migration rate estimation equations :
P*kag(t+1) = Pk*,5(t) hkyy = Pk, (1) hkye  a=1, 2, ..., A-2; k=i, j(3-47)
Pb*kog(t+1) = Pbk*; (t) hkg, k=i, j (3-48)
hkgg = ( 1- mklyg/ (1 - 0.5 (ukyg + ulgg ))) (1 - ukyy ) +imlk,,
a=0, 1, ..., A-2; k=i, j; I=i, j; k21  (3-49)
It is straightforward to find out that the total migration equations for the first two
period-cohorts are as follows:

MKkl = Pbk* (1) mklg, k=i, j; 1=i, j; k#1 (3-50)
MKkly, = Pbk*(t-1) ( mklyg hljg + hkgy mkly, )
= (mklgg hljg + hkgg mklyg ) P*kqg (t+1)/( hkyg hkog )
k=i, j; 1=i, j; k=l (3-51)
The migration rate estimation equation for infants of gender g can be derived directly
from equation (3-50) as follows:
mklgg = Mkl / Pbk*,(t) (3-52)
The migration rate estimation equation for period-cohort 1 of gender g can be derived
from equation (3-51) as follows:

mkly, = ( Mklyg - mklg, hllg P*kg(t+1)/( hkyg hkog ))/( P*kyg(t+1)/ hkyg)
(3-53)

The numerator of the RHS of equation (3-53) is the estimated final year migrations of
period-cohort 1 of gender g. The denominator of the RHS of equation (3-53) is the
initial population of period-cohort 1.

Similarly, we have following estimation equations:

mkly, £ ( MKl3g - (mklgg hlyg hlyg + hkgg mklyy hlyg ) P*kyp(t+1)

/( hkyg hkyg hkgg ))/( P*kog(t+1) / hkyg) (3-54)
mkl, = ( MK, - ( mklgg hlyg hlpg hlyg + hkog mKiy, hlpg hls,

+ hkgg hkjgmklyg hlyg) Pk (t+1) / (hksg hkyy hkyg hkgg ))

/( P*¥ag(t+1) / hksg) | (3-55)
mkly, = ( MKls, - (mklg, hlj, hlyg hlzg hlg, + hkog mKlyg hlp, hly hig,

+ hkog hklg mklzg h'3g h|4g + hk()g hklg hkgg mk13g h|4g)

P*kgg(t+1) / ( hkgg hkyg hkyg hicy hkog ))/( PYag(t+1) / hkeg) (3-56)
mk]a+4g =( Mk]a+5g -( mk'ag hla+lg h'a+2g h'a+3g h'aMg

+ hkag mkla+lgh'a+2g hla+3ghla+4g + hkag hka+lg mk|a+2g hla+3g hla-Mg
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+ hkag hkgy ghka+2é mk'a+3ghla+4g) P‘kaMg(t"'l)
/( hkaMg hka+‘3g hka+2g hka+lg hkag N/(P *kaMg(H'l) / hku-«tg)
a=1,2,..., A-6; k=i, j; 1=i, j; k=l (3-57)

The numerators and denominators of the RHS of equations (3-54)-(3-57) have the
same meanings as for equation (3-53).

Migration rates can be estimated using equation (3-52)-(3-57). It is found that the
estimation of the migration rate of a period-cohort depends on the estimates of previous
period-cohorts, so that the estimation errors are cumulative. Some migration rate
estimates of old period-cohorts are negative. Alternative estimation equations are
derived from the above equations by assuming equal migration rates of five period-
cohorts in the same equation.

An iterative procedure is introduced to estimate mortality rates and migration rates
simultaneously. An iterative standard that the sums of the absolute error of the mortality
rates and the migration rates are less than 0.000001 respectively is adopted. At the first
step, the unknown rates are set to zero. At the second step, the mortality rates are
estimated. At the third step, the migration rates are estimated. Then, step two and step
three are repeated until the iterative standard is satisfied.

The following equations are used to estimate fertility rates :

PSk*;((t) = 0.5 (P*kye(t+1) + P*ky((t+1) ) (3-58)
BSbk*, = 0.5 ( Bk, + Bk, ) a=15,16,..., 50; k=i,j (3-59)

Here, P*ky(t+1) is the female population of age a in region k at time t+1, and is
available. The expression PSk*,(t) is the estimated starting population of period-cohort
a in period t-0.5 to t+0.5 in region k who survive at time t+1. The number of births of
female population of age a at time t+1 in region k in period t-0.5 to t+0.5 is given by
Bk,, and is available. The quantity BSbk*, is the estimated number of births of female

population of period-cohort a in region k in period t-0.5 to t+0.5. The period-cohort a
in period t-0.5 to t+0.5 involves two age groups with age a and a+1 at time t+1. A
Lexis diagram ( age-time graph ) shows the life lines of individuals of various ages over
time and is often used to derive relations between various age groups. According to the
Lexis diagram, the population of period-cohort a in period t-0.5 to t+0.5 who survive at
time t+1 can be conveniently estimated as the average population of age groups with age
a and a+1 at time t+1. Now,
Pk*qg(t) = PSk*,((t) + Pk*5(t) ukyr (3-60)
Pbk*, = BSbk*, + (.5 fk, Pk*g(t) ukyy  a=15,16,..., 50; k=i, j (3-61)
The fertility rate is defined as :
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fk, = Pbk*, [ Pk* (1) a=15,16,..., 50; k=i,j (3-62)
It is straightforward to find out that:

fka = BSbk*, (1 - ukyp) / (PSK*5¢ (1 - 0.5 ukyr))

a=15, 16, ..., 50; k=i, j (3-63)

The total fertility rate TFRk can be calculated as follows:

TFRk = £, fk, k=i, j (3-64)
The normal fertility rate fnk, can be calculated as follows:

fnk, = fk, / TFRk a=15, 16, ..., 50; k=i, j (3-65)
From the foregoing a final version of the generalized population account can be

constructed using equation (3-43) and the following equations :
Pekdly, = (.5ulyg Peksl,, / (11 - 0.5ukyg - 0.5ul,g )

k=i, j; 1=i, j; k#l (3-66)
Pekdk,, = P*dk,, - Peldk,, k=i, j; 1=i, j; k=l (3-67)
Peksk,, = P*kag(t+1) - Pelsk,, k=i, j; I=i, j; k#l (3-68)
Pk*, (1) = Peksk,, + Peksl,, + Pekdk,, +Pekdl,,

k=i, j; 1=, j; k#l (3-69)

Survival rates can be calculated from population accounts using the following
equation:

Sklyg = Pekslyg / Pk*,0(t) k=i, j; 1=i, j (3-70)

Where Skl is the survival rate of population of period-cohort a of gender g in region
k at time t who survive in region 1 in period t to t+1, k=i,j; l=i,j.

A FORTRAN programme was written and run on a DEC VAX 11/780 mini-computer
to estimate population accounts and demographic rates. Tables 3-3 to 3-7 show selected
results of the estimated urban and rural population accounts, mortality rates, out-
migration rates, fertility rates and survival rates respectively for China. Figures 3-1 to
3-4 show the mortality rates, out-migration rates and fertility rates of the urban and rural
populations respectively.

The urban and rural population accounts for male and female infants, period-cohort
10, period-cohort 20 are shown in table 3-3. The population accounts show clearly the
population changes in the period 1986 to 1987 for each period-cohort.

For example, some 4595.07 female infants were produced in the urban region in the
period 1986 to 1987. Among these infants, 96.07 and 0.05 thousands died in the urban
and rural regions respectively in the same period. At the end of the period, 4494.29
thousand female infants remained in the urban region, while 4.66 thousand had
migrated ( most likely along their parents ) to the rural region and survived. There were
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0.05 thousand non-surviving infant migrants from the urban region who died in the
rural region. Similarly, some 6291.92 female infants were produced in the rural region
in the period 1986 to 1987. Among these infants, 138.74 thousand died in the rural
region, 0.17 thousand died in the urban region after they migrated to the urban region.
At the end of the period, 6136.70 thousand remained in the rural region, and 16.31
thousand had migrated to the urban region and survived. At the end of the period 1986
to 1987, there were 4510.60 thousand females in the infants-cohort in the urban region
and 6141.36 thousand in the rural region.

For another example, there were 4642.75 thousand females in the period-cohort 20 in

Table 3-3 Selected results of the estimated urban and rural population accounts
for urban and rural areas in China ( thousands )

Ending state in period 1986 to 1987

Die in Diein
Urban Rural Urban Rural Totals
Starting Male births
state in Urban 4888.23 2.29 101.27 0.03 4991.81
period Rural 16.62 6753.90 0.17 156.97 6927.66
to Totals 4904.85 6756.19 101.44 157.00 11919.47
1987
Male in period-cohort 10
Urban 4020.27 0.67 241 0 4023.35
Rural 23.23 5780.60 0.01 403 5807.86
Totals 4043.50 5781.27 241 4.03 9831.21
Male in period-cohort 20
Urban 4653.16 2.72 6.17 0 4662.05
Rural 98.88 6085.50 0.07 8.09 6192.55
Totals 4752.04 6088.22 6.24 8.09 10854.60
Female births
Urban 4494.29 4.66 96.07 0.05 4595.07
Rural 16.31 6136.70 0.17 138.74 6291.92
Totals 4510.60 6141.36 96.24 138.79 10886.99
Female in period-cohort 10
Urban 3790.95 0.90 2.16 0 3794.01
Rural 19.66 5397.92 0.01 2.67 5420.26
Totals 3810.61 5398.81 2.17 2.67 9214.27
Female in period-cohort 20)
Urban 4625.44 12.05 5.26 0.01 4642.75
Rural 104.87 6200.07 0.06 7.75 6312.74
Totals 4730.30 6212.12 5.32 7.75 10955.49
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the urban region at the beginning of the period 1986 to 1987. Among these females,
5.26 thousand died in the urban region and (.01 thousand in the rural region during the
one-year period. At the end of the period, 4625.44 thousand were still in the urban
region ( they were stayers ), and 12.05 thousand had migrated to the rural region ( they
were surviving migrants. To rehearse the format in a different part of the table, there
were 6312.74 thousand females in the period-cohort 20 in the rural region at the
beginning of the period 1986 to 1987. Among these females, 7.15 thousand died in the
rural region and 0.06 thousand in the urban region during the one-year period. At the
end of the period, there were 6200.07 thousand who remained in the rural region and
104.87 thousand who had migrated and joined the urban region. At the end of the
period 1986 to 1987, there were 4630.30 thousand females in the period-cohort 20 in
the urban region and 6212.12 thousand in the rural region. During the one-year period,
5.32 thousand females in the period-cohort 20 died in the urban region and 7.75
thousand in the rural region.

The difference of population dynamics in the urban and rural regions is revealed by a
comparison of their demographic rates.

Table 3-4 Selected results of the estimated mortality rates for urban and
rural areas in China
Male Female

Period-cohort Urban Rural Urban Rural
Birth 0.02026 0.02271 0.02089 0.02210

S 0.00083 0.00150 0.00078 0.00130
10 0.00060 0.00069 0.00057 0.00049
20 0.00132 0.00132 0.00113 0.00124
40 0.00192 0.00302 0.00163 0.00192
60 0.01778 0.01587 0.01185 0.01101
80 0.11362 0.10886 0.08303 0.07933

The estimated mortality rates are shown in table 3-4 and figures 3-1 and 3-2.
Generally, the age specific mortality rates of the female population are less than those of
the male population in both regions especially over age 60. This is due to the
differences in the ageing process and living circumstances between males and females.
For example, in the urban region, the mortality rate of period-cohort 60 is 0.01778 for
the male population and 0.01185 for the female population; in the rural region, the
mortality rate of period-cohort 60 is 0.01587 for the male population and 0.01101 for
the female population.

The age specific mortality rates of the urban population are generally less than those of
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the rural population for ages below 10 while reverse is true for ages over 60. For

example, for the male population of period-cohort 5, the mortality rate is 0.00083 in the

urban region and 0.00150 in the rural region. For the female population of period-
cohort of 80, the mortality rate is 0.08303 in the urban region and 0.07933 in the rural

region. This difference may be the result of difference of social and environmental
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conditions in the urban and rural regions in China. For example, the children in urban
areas may have better health service than those in rural areas. Environmental pollution is
much less in rural areas than in urban areas. Most farmers over 60 may still do some
farmwork which may be beneficial to their health while most urban workers over 60
have retired in China.

The estimated out-migration rates are shown in table 3-5 and figure 3-3. The out-
migration rates of the rural population are generally much higher than those of the urban
population so that there is net migration from the rural region to the urban region. For
example, for the male population of the period-cohort 5, the out-migration rate is

0.00025 in the urban region but reaches 0.00317 in the rural region.

Table 3-5 Selected results of the estimated out-migration rates for urban and
rural areas in China

Male Female

Period-cohort Urban Rural Urban Rural
Birth 0.00046 0.00240 0.00101 0.00259
5 0.00025 0.00317 0.00026 0.00290
10 0.00017 0.00400 0.00024 0.00363
20 0.00058 0.01597 0.00259 0.01661
40 0.00058 0.00383 0.00024 0.00481
60 0.00133 0.00281 0.00019 0.00269
80 0.00052 0.00374 0.00049 0.00328

OOMR of urban females DOMR of urban males A OMR of rural females

OOMR of rural males
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Figure 3-3 Out-migration rates (OMR) of urban and rural populations in China
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Both rural male and female populations, and the urban female population have higher
out-migration rates in age group 15-30 than other age groups which reflects the higher
mobility of young groups. For example, for the rural male population, the out-
migration rate is 0.00317 in the period-cohort 5, 0.01597 in the period-cohort 20, and
0.00383 in the period-cohort 40. It is interesting to note that the mobility of the young
urban male population is not particularly pronounced. Indeed, young urban males
rarely migrate to rural areas. However, young urban males do make a lot of migrations
between urban areas which are not considered here ( see chapter seven for these
migrations ). The urban male population does produce a small peak in its migration rate
in the age group 55-60 which may reflect retirement migrations from urban to rural
areas. For example, the out-migration rate for the urban male population is 0.00025 in
the period-cohort 5, 0.00058 in the period-cohort 20, and 0.00133 in the period-cohort
60.

The female population has a higher out-migration rate than the male population in the
age group 15-30 which probably reflects marriage migrations. For example, for the
rural population of the period-cohort 20, the out-migration rate is 0.01597 for the male
population and 0.01661 for the female population.

The total fertility rate of the urban population was 1.94 and the total fertility rate of the
rural population was some 40 percent higher at 2.72 in 1987. Population reproduction
in the urban region is below the replacement level while it is clearly well over the
replacement level in the rural region. Generally speaking, an average rural couple has
0.78 more children than an average urban couple. This does have important
implications for population control policy. More efforts should be made to reduce the
total fertility rate in the rural region.

The estimated age-specific fertility rates are shown in table 3-6 and figure 3-4. The
age-specific fertility schedules of the urban and rural populations are similar in structure
and are shown in figure 3-4. However the age specific fertility rates of the rural
population are generally higher than those of the urban population especially in the age
group 20-30. For example, for the female population of the period-cohort 20, the
fertility rate is 0.06428 in the urban region and 0.10648 in the rural region. For the
female population of period-cohort 30, the fertility rate is 0.07725 in the urban region
and 0.11907 in the rural region.

Table 3-7 shows selected results of the estimated survival rates. The survival rate is
the probability that a person in one region at the beginning of the period will survive in
the original or the other region to the end of the period. For example, for a male in
period-cohort 20 in the urban region at the beginning of the one-year period, the
probability that he will survive in the urban region to the end of the period is 0.99809

63



Table 3-6

Period-cohort

15
20
25
30
35
40
45
50

.25

.05

.05
10

Figure 3-4

Selected results of the estimated fertility rates

for urban and rural areas in China

Urban

0.00009
0.06428
0.22048
0.07725
0.02371
0.00602
0.00141
0.0K)11

Rural

0.00020
0.10648
0.26051
0.11907
0.03976
0.01358
0.00449
0.00043

O Fertility rate of urban females

15 20

Fertility rates of urban and rural populations in China

25

o Fertility rate

35

rural females

45

50

and in the rural region 0.00058. For a female in period-cohort 20 in the rural region in
the beginning of the one-year period, the probability that she will survive in the rural
region to the end of the period is 0.98215 and in the urban region 0.01661.

In the next sections, further characteristics of urban-rural population dynamics will be

revealed via the construction of urban-rural life tables.

3.4 Urban-rural population life tables

This section will construct urban-rural population life tables of the population at various

ages of China on the basis of the results of the demographic rates estimation in the
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Table 3-7 Selected results of the estimated survival rates
for urban and rural areas in China

From urban to From rural to
Period-cohort Urban Rural Urban Rural
Male
Birth 0.97925 0.00046 0.00240 0.97492
5 0.99892 0.00025 0.00317 0.99534
10 0.99923 0.00017 0.00400 0.99531
20 0.99809 0.00058 0.01597 0.98271
40 0.99751 0.00058 0.00383 0.99315
60 0.98089 0.00133 0.00281 0.98131
80 0.88586 0.00052 0.00374 0.88739
Female
Birth 0.97807 0.00101 0.00259 0.97533
5 0.99896 0.00026 0.00290 0.99580
10 0.99919 0.00024 0.00363 0.99588
20 0.99627 0.00259 0.01661 0.98215
40 0.99813 0.00024 0.00481 0.99327
60 0.98796 0.00019 0.00269 0.98629
80 0.91648 0.00049 0.00328 0.91738

previous research. The calculations are same for the male and female populations, so
gender label g is omitted. The age and time intervals are one year. The age-specific
forward mortality rates, fertility rates, out-migration rates and survival rates of various
period-cohorts are available. These period-cohort rates will be used to estimate life-table-
cohort rates. Figure 3-5 is a Lexis diagram showing the meaning of age, period-cohort
and life-table-cohort notation. Period-cohort will be labeled as a and r(y). Life-table-
cohort will be labeled as y. Exact age will be labeled as x, z as well as y to link exact
age with life-table-cohort. Figure 3-5 will also be used to illustrate various interpolation
and estimation procedures as will be explained later. The variables are defined as
follows. Most definitions are same as in section 3.2 and 3.3 except that labels 1 and h
are redefined here.
uk, . is the forward mortality rate of period-cohort a in
region k, k=i,j; a=0, 1, ... A; i=urban; j=rural; The last period-
cohort is labeled A and infants-cohort zero.
fxy is the forward fertility rate of period-cohort a in region k, k=i,j.
bky is the occurrence-exposure fertility rate of life-table-
cohort y in region k. Life-table-cohort y refers to the
same population group who attaining exact age from y to y+1.
y=15, 16, ... 49; k=i,j.
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Note: life-table-cohort y refers to parallelogram BCEF which involves two
periods t to t+1 and t+1 to t+2;

Period-cohort a=r(y) refers to parallelogram ABCE in period t to t+1.

Figure 3-5  Lexis diagram showing the meaning of age, period-cohort and
life-table-cohort notation

mk, is the forward out-migration rate of period-cohort a in region k,
k=i,j.
wky is the occurrence-exposure out-migration rate of life-table-cohort

y in region k. y=0, 1, ... G; k=i,j. The last life-table-cohort is
labeled G with initial age G and ending open age G+1. G also
refers to the last exact age considered in life tables and G+1
refers to the last open age of G+1 and over.

Sa =[ Skh, ] is the 2x2 matrix of the survival rates of period-cohort a. Skh, is
the survival rate of the population of period-cohort a who are in
region k at time t and survive in region h at time t+1.
a=0, 1, ..., A; k=i,j; h=i,j.

Qyy+1 = [gkhyye] is the 2x2 matrix of the survival probabilities of life-table-cohort

y- gkhyy,y is the probability that a person attaining exact age y in
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a period in region k will survive in region h to attain exact age
y+1 in the next period, k=i,j; h=i,j.

xly = [ kxlhy ] is the 2x2 matrix of the population in the life table of age x,
where k,Ih is the population of exact age y in region h who
was in region k of age x before, y2x; k=i,j; h=i,j.

xLyys1=[ hkyLyy 1] is the 2x2 matrix of the person-years in the life table of age x,
where hk,L,,,) is the person years lived by the population kI,
in region h from age y to age y+1 who was in region k of age x
before, y2x; k=i,j; h=i,j. Here ' refers to the operation of matrix
transposition.

xTz=[hT, ] is the 2x2 matrix of total person-years in the life table of age x,
where bk, T, is the total person years lived by the population
k,Ik, in region h beyond exact age z who was in region k of age
x before, z>x; k=i,j; h=i,j.

x€z = [ hkye, |’ is the 2x2 matrix of the expectations of life, where hk,e, is the
expectation of life of a person of age x in region k will live in
region h after attaining exact age z, z2x; k=i,j; h=i,j.

This section aims to calculate the expectation of life of the population with an exact
age in a region. Thus the concepts of exact age and region specific cohorts are adopted
and a series of life tables based on regions of residence at particular ages are developed.
A concise notation system is adopted as matrix expressions are used. Therefore, some
standard intermediate variables are not necessary and do not appear in this text. For
simplicity, some summation notation is omitted. Notation hk,Lyy,y hk, T, and hkse,
refer to standard notation hk,L**,, .| hk, T**,« and hk,e**,« ( Rees and Wilson, 1977 ).
A unit radix,‘i.c., one infant in the birth cohort, is assumed for each life table of a
particular age. In this case, k,Ih, can also be interpreted as the probability that a person

of exact age x in region k will attain exact age y in region h.
The following methods are used to calculate the life tables of various ages. The initial
population in the life table of age x is assumed as follows.

xlx = 1 0 x=0, 1, ... G 3-711)
0 1
The second year population of exact age 1 in the life table of age 0 is estimated as
follows:
ol = [ olty ] (3-72)
kglhy = Skhy ((1- 0.5 uhy ) k=i, j; h=i, j (3-73)
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The survival probability of the life-table-cohort y can be estimated using survival rates
of period-cohorts r(y) and r(y+1). In figure 3-5, life- table-cohort rate qyy, refers to
parallelogram BCEF and is best interpolated using period-cohort survival rates Sy(y)
involving parallelogram ABCE in period t to t+1 and Sy(y.1) involving parallelogram
CEFH in period t+1 to t+2. The survival rate involving parallelogram CEFH in period
t+1 to t+2 is substituted by the rate involving parallelogram BDEG in period t to t+1 as
constant rates are assumed in life table calculations. Therefore:

Qyy+1 = 0.5 ( Srgy) + Sr(y+1)) y=1, 2, ... G-1 (3-79)
The second year population of age y+1 in the life table of age y is estimated as
follows:
ylys1 = yly dyys1 = Qyye1 = 0.5 (Sy(y) + Seyany)
y=1, 2, ... G-1 (3-75)

The person-years matrix for the population in the life table of age y lived from age y
to age y+1 can be estimated by the average population of age y and age y+1. In figure 3-
5, the population of exact age y in a life table 41y refers to line BC. Similarly, 41y,1,
xly.2 refer to line EF and HI respectively. The person-years lived by life-table-cohort y
involving parallelogram BCEF can be estimated as the average of 4ly and xly,.
Similarly, the person-years lived by life-table-cohort y+1 involving parallelogram EFHI
can be estimated as the average of yly,y and xly,7. Therefore:

xLyys1= 0.5 (xly + xlys1) (3-76)

xLy+ly+2= 0.5 ( x|y+l + xly+2 ) (3-717)
It is straightforward to obtain the following equation:

yLyys1=0.5 (yly + ylyyq) y=0,1, ... G-1 (3-78)

The person-years matrix for the population in the life table of age x lived from age
y+1 to age y+2 can be estimated using period-cohort survive rate. In figure 3-5,
according to équations (3-76) and (3-77), xLyys+1 can be expressed by line CE and
xLys+1y+2 by line FH. It is noted that parallelogram CEFH refers to period-cohort
r(y+1) in period t+1 to t+2 and, assuming a constant rate, its survival rate is Sr(y,1) of
period-cohort r(y+1) in period t to t+1 involving parallelogram BDEG. Therefore, the
relationship of person-years of life-table-cohort y and y+1 can be expressed as:

xLystys2= xLyys1 Sr(y+1) x=0, 1, ... G-2; y=x, x+1, ..G-2  (3-79)
The last person-years matrix for the population in the life table of age x lived after age
G can be estimated as follows:
xLGG+1 = (1 -Srgeny) ' xLG.16 Sre) x=0, 1, ... G-1 (3-80)

The person-years matrix for the population in the life table of age G can also be

estimated. Three procedures similar to equation (3-75), (3-78) and (3-80) are combined
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here, but the survival probability matrix of the life-table-cohort G is assumed to be the
survival rate matrix of the last period-cohort A, i.e., r(G+1).
GLGG+1 =05 (I-SkG+1)) 1 (Glg +SeG+n)) (3-81)

The total person-years lived by the population in the life table of age x beyond exact
age z can be calculated as follows:

xTz=2X6Gy; yLyy.1 x=0, 1, ... G; z=x, x+1, ... G (3-82)
The population aged y+1 in the life table of age x can be estimated using the
following equation obtained from equation (3-76):
xly+1= 2 xLyya1 - xly x=0, 1, ... G-2; y=x+1, x+2, ... G-1 (3-83)

It has been found that the estimation of 4ly,; using equation (3-83) fluctuates over
ages because of the error-cumulative nature of equation (3-83). An alternative
estimation method can be used as follows:

x|y+l = 0.5 (xLyy+l + xLy+ly+2 )
x=0, 1, ... G-3; y=x+1, x+2, ... G-2 (3-84)
xlc = 0.5 (xLG-16Sr () + xLG-1G) x=0, 1, ... G-2 (3-85)

Now, the expectation of life of a person of exact age x in region k will live in region h

beyond exact age z can be calculated as follows:

hk,e, = hk, T, / k.1*,= bk T, / (k.1i, + k1) (3-86)
x=0,1, ... G; z=x, x+1, ... G; k=i,j; h=i,j
x€z = [ hkee, |’ x=0,1, ... G; z=x, x+1, ... G (3-87)

To re-emphasize a unit radix is assumed in the calculation of life table of each age.
Therefore, the following equation can be obtained to calculate the expectation of life of
a person of exact age x in a particular region will live in each region in the rest of his or
her life: |

x€x = xTx = EGy_y xLyyi1 x=0,1, ... G (3-88)

Table 3-8 presents the life expectations yex for populations with particular age x in
urban and rural areas, computed using the methods set out above. They describe clearly
the expected life experience of persons who are age x and reside in one of the two
regions. For example, female population at birth in the urban region may spend 71.82
years in the urban region and 1.77 years in the rural region; female population at birth
in the rural region may spend 56.29 years in the rural region and 16.17 years in the
urban region. The male population at birth in the urban region may spend 68.33 years
in the urban region and 1.40 years in the rural region; male population at birth in the
rural region may spend 56.58 years in the rural region and 12.41 years in the urban
region. It is clear that the rural population is more mobile than urban population as
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Table 3-8 Life expectations estimation for urban and rural areas in China

Urban population life expectation Rural population life expectation

Age in Urban in Rural Totals in Urban in Rural Totals
Male
0 68.33 1.40 69.73 12.41 56.58 68.99
5 64.75 1.32 66.07 11.93 54.10 66.03
10 60.04 1.26 61.30 11.01 50.34 61.35
20 50.56 1.17 51.73 8.00 43.84 51.84
30 41.68 0.66 42.34 3.38 39.15 42.53
40 32.48 0.52 33.00 1.78 31.49 33.27
50 23.67 0.36 24.03 091 23.55 24.46
60 15.86 0.14 16.00 0.44 16.11 16.55
70 9.81 0.04 9.85 0.20 10.12 10.32
Female
0 71.82 1.77 73.59 16.17 56.29 72.46
5 68.46 1.64 70.10 15.80 53.88 69.68
10 63.73 1.58 65.31 14.94 49.98 64.92
20 54.33 1.40 55.73 11.86 43.47 55.33
30 46.03 0.24 46.27 4.54 41.40 45.94
40 36.66 0.14 36.80 2.51 34.09 36.60
50 27.53 0.09 27.62 1.21 26.37 27.58
60 19.21 0.05 19.26 0.65 18.66 19.31
70 12.01 0.03 12.04 0.32 11.93 12.25

regards urban-rural migration.

The young population in the rural region may spend a much longer period in the
urban region than the older rural population as the young population have a much
higher out-migration rate and a longer life expectation. For example, for the rural
population of age 20, a male may spend 8.00 years in the urban region, and a female
11.86 years. But for the rural population of age 30, a male may spend 3.38 years in the
urban region, and a female 4.54 years. For the rural population of age 40, a male may
spend only 1.78 years in the urban region, and a female only 2.51 years.

The rural female population may spend a longer period in the urban region than the
rural male population as they generally have higher out-migration rates in the age group
15-30. For example, a female of age S in the rural region may spend 15.80 years in the
urban region, a male only 11.93 years. The urban female population aged below 30
may spend a longer period in the rural region than the urban male population due to
higher out-migration rate of young urban females. The reverse is true for those aged
over 30 due to higher out-migration rate of urban males aged over 30. A female of age
5 in the urban region may spend 1.64 years in the rural region, a male only 1.32 years.
However, a female of age 50 in the urban region may spend only 0.09 year in the rural
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region, a male 0.36 year.

The total life expectation *ke, of persons aged x in region k will live in all regions
beyond exact age z can be straightforwardly calculated as follows:

*kee, = ike, + ke,  x=0, 1, ... G; z=x, x+1, ... G; k=i, j (3-89)

The life expectation at birth of the urban population is higher than that of the rural
population. The female population has a higher life expectation at birth than the male
population. For example, the life expectation of female population at birth is 73.59
years in the urban region and is 72.46 years in the rural region. The life expectation of
male population at birth is 69.73 years in the urban region and is 58.99 years in the
rural region. However, the rural population will have higher life expectations than the
urban population for males aged over 20 and for females aged over 60 because of the
urban-rural difference of age-specific out-migration rates and mortality rates. The
mortality rates of the rural population aged over 56 are generally less than the
corresponding mortality rates of the urban population. For example, for the male
population of age 60, the life expectation is 16.00 years in the urban region and 16.55
years in the rural region. For the female population of age 70, the life expectation is
12.04 years in the urban region and 12.25 years in the rural region.

3.5 Spatial fertility expectation
Similarly to life expectation calculations, spatial fertility expectations and out-migration
expectations can be calculated.

The net reproduction rate NRRkh of the population at birth is the expected births that a
female bormn in region k will produce in region h in her whole life. Here only the female
population is involved.

NRRkh = ¥49,_)5 bhy hkgLyy k=i, j; h=i, j (3-90)
The expression bky is the occurrence-exposure fertility rate of the life-table-cohort y

which can be estimated as follows:

bkys = fkys/( 1 - 0.5 ukys) + 0.5 fxy6/( 1 - 0.5 ukyg) k=i,j (3-91)
bky = 0.5 (fkyyy/( 1 - 0.5 ukyyy ) + fryeyr1)/( 1 - 0.5 uky(yey))

y=16, 17, ... 48; k=i, j (3-92)
bkgg = 0.5 fkq9/( 1 - 0.5 ukgg ) + fks0/( 1 - 0.5 uksg) k=i,j (3-93)

Here two procedures are combined. Firstly, the occurrence-exposure fertility rates of
period-cohorts are estimated from the forward fertility rates of period-cohorts using
forward mortality rates. Secondly, the occurrence-exposure fertility rate of the life-table-
cohort y is calculated from the occurrence-exposure fertility rates of period—cohofts r(y)
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and r(y+1). The second procedure is similar to the interpolation of the survival
probability of the life-table-cohort y using the survival rates of period-cohorts r(y) and
r(y+1) as discussed above.

The 2x2 matrix of net reproduction rate NRR = [ NRRkh ] is obtained as follows:

'NRR = 1.82 0.06 (3-94)
0.35 2.10

A female born in the urban region is expected to produce 1.82 children in the urban
region and 0.06 children in the rural region. A female born in the rural region is
expected to produce 2.10 children in the rural region and 0.35 children in the urban
region.. The population reproduction in the urban region is below the replacement level
while it is well over the replacement level in the rural region. It would seem then that
population growth is extremely sensitive to its location in the rural region compared to
the urban region. The implication is clear in the context of a policy to control population
and it is that more efforts should be made to reduce the net reproduction rate in the rural
region. In summary, the rural population has a much higher net reproduction rate than
the urban population and furthermore it has a higher propensity to produce children in
the urban region than the urban population does in the rural region.

3.6 Spatial out-migration expectation

Similar to the net reproduction rate used for the analysis of spatial fertility expectation,
an index called net migraproduction rate can be used to analyze spatial out-migration
expectation ( see Rogers and Willekens, 1986 ). A net migraproduction rate is the
expected number of out-migrations that an individual makes from a region during his or
her whole life, Thus the net migraproduction rate. NMRkh of the population at birth is
the expected number of out-migrations that a person born in region k will make in
~ region h in his or her whole life.

NMRkh = £G,_q why hkgL, . k=i, j; h=i,j (3-95)

The expression wky is the occurrence-exposure out-migration rate of the life-table-
cohort y which can be estimated as follows:

wkg = mkg /((1 - 0.5 ukg )(1 - 0.5 uhy )) + 0.5 m¥k; / ((1 - 0.5 uky )(1 - 0.5 uhy))

k=i, j; h=i, j; k#h (3-96)

wky = 0.5 (mkyy) /(( 1 - 0.5 ukyyy )1 - 0.5 uhyyy ) 3-97)

+ mkpeye1)/ ((1 - 0.5 ukpgyery )( 1 - 0.5 ubyyyry )))
y=1, 2, ... G-1; k=i, j; h=i, j; k#h

Here three procedures are combined. Firstly, the occurrence-exposure out-migration
rates of period-cohorts are estimated from the forward out-migration rates of period-
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cohorts. For simplicity, only the mortality rates are implicitly considered in the
calculation of the population at risk. Secondly, the out-migration rates are modified to
take into account those non-survival migrants by using the mortality rates of the
destination region. Thirdly, the occurrence-exposure out-migration rate of the life-table-
cohort y is calculated from the occurrence-exposure out-migration rates of period-
cohorts r(y) and r(y+1). The third procedure here is similar to the second procedure in
the estimation of the occurrence-exposure fertility rates of life-table-cohorts above.

The quantity wkg equals zero as the out-migration rates of the period-cohorts r(G)

and r(G+1) are zero.
The 2x2 matrix of net migraproduction rate NMR = [ NMRkh ] is obtained and is as

follows for the female population:

NMR; = 0.0451 0.0096 (3-98)
0.0080 0.3491
and for the male population it is:
NMRy, = 0.0475 0.0054 (3-99)
0.0099 0.2903

A female born in the urban region has a propensity to make 0.0451 out-migrations
from the urban region while a female born in the rural region has a propensity to make
0.3491 out-migrations from the rural region. A male born in the urban region has a
propensity to make 0.0475 out-migrations from the urban region which is more than
for a female. A male born in the rural region has a propensity to make 0.2903 out-
migrations from the rural region which can be seen to be less than for a female. In
summary, the rural population has a much higher propensity to make out-migrations
than the urban population. The rural female population in turn has a much higher
propensity to make out-migrations than the rural male population. The urban male
population hads a slightly greater propensity to make out-migrations than the urban
female population.

3.7 Conclusion

This preliminary analysis of the urban-rural population dynamics of China has used a
multiregional demographic accounting approach. The population data available are the
one year age and one year time birth data, death data, one year age and five year time
migration data, and the end date population data. The procedures to estimate the urban-
rural population accounts and the urban-rural life tables are developed on the basis of
the multiregional population accounts concept. The multiregional population accounts
and demographic rates of fertility, mortality and migration are estimated and urban-rural
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population life tables of China are constructed. The urban-rural population life table at
birth is used to calculate fertility expectations and out-migration expectations. The
estimation results reveal fundamental characteristics of urban-rural population dynamics
of China. These can be summarized under six basic headings

Firstly, the life expectation at birth of the urban population is slightly higher than that
of the rural population mainly due to the lower mortality rate of children aged below 10
in the urban region. The urban-rural differentials are significant in terms of living
standards. Health service and nutrition are much better in urban areas than in rural areas
in China. Thus children have lower mortality rate in urban areas. For those aged over
60, the mortality rate is slightly higher in the urban region than in the rural region
probably because of social and environmental differences.

Secondly, the out-migration rates of the rural population are generally much higher
than those of the urban population so that there is net migration from the rural region to
the urban region. China is still at the stage of industrialization and urbanization. Thus
there is a steady flow of rural to urban migration. Most of these migrations are for
employment, business or training. The young population has a much higher
out-migration rate. The mobility of the young urban male population is not particularly
pronounced. The urban male population does have a small peak in its migration rate in
age group 55-60 which may reflect the retirement migrations from urban to rural areas.

Thirdly, the total fertility rate in the urban region is significantly less than that in the
rural region which may have important implications for population control policy. The
population reproduction in the urban region is below the replacement level, while it is
well over the replacement level in the rural region. This difference in the urban and rural
fertilities is due to the significant differentials in the living standards, attitudes towards
childbearing and the efforts of government's family planning campaigns between urban
and rural areas. Generally, urban peoples are willing to have fewer children than rural
peoples. The government's family planning policy is more effectively implemented in
the urban areas than in the rural areas. More efforts should be made to reduce the total
fertility rate in the rural region.

Fourthly, because of the higher out-migration rate of the rural population, the rural
female population at birth will spend 16.17 years in the urban region and the male rural
population 12.41 years. These are much longer periods than the urban population at
birth will spend in the rural region. As a result, the rural population has a much higher
propensity to produce children in the urban region than the urban population does in the
rural region. As most out-migrations are made by the young population, the young
population in the rural region will spend a much longer period in the urban region than
the older rural population.
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Fifthly, because of thé urban-rural difference of age-specific out-migration rates and
mortality rates, the rural population will have a higher life expectation than the urban
population for males aged over 20) and females aged over 60. However, the urban
population at birth do have a higher life expectation than the rural population at birth as
already mentioned.

Sixthly, the age-specific mortality rates of the female population are less than those of
the male population in both regions especially over age 60. Their expectation of life at
~ birth is higher than that of the males. The female population has a higher out-migration
rate than the male population in the age group 15-30 which may reflect marriage
migrations. As a whole, the rural female population has a higher propensity to make out-
migrations than the rural male population. The urban male population has a slightly
greater propensity to make out-migrations than the urban female population.

The analyses in this chapter produce a clear picture of current urban-rural population
dynamics in China. In the next chapter, an attempt will be made to establish an urban-
rural population model. The model will be used to project future urban-rural population
growth in China.
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4
Urban-rural population projection

4.1 Introduction

Sound population projections are essential for well founded planning of socio-
economic development. A series of population projections for China have been
produced since the early 1980s ( for instance, Song et al., 1981; Jiang and Lan, 1987;
Zhang, 1987; Wang, 1988 ). These projections were valuable in the formation of
population control policies in China. There are also growing concems on population
ageing in China ( Zeng, Zhang and Peng, 1990 ). Rapid population ageing may imply
serious socio-economic problems such as labour force shortages and care of the
elderly. It can be assumed that there will be severe population ageing in the urban areas
due to extremely low fertility there. A detailed age-specific urban and rural population
projection is desirable to understand and tackle these problems. Wang was the first to
carry out an urban-rural population projection of China, but the vital urban-rural
migration component was disregarded in his projection model ( Wang, 1988 ). Zeng
and Vaupel used a multiregional ( urban-rural ) population model to study the impact of
urbanization and delayed childbearing on population growth and ageing in China
(1989). The various demographic rates used in their model, however, were not
estimated using an accounts-based approach. Their model does on the other hand have
the merit that urban-rural migration was considered even though rural to urban
population transition was disregarded in their projection.

The United Nations ( 1989; 1991 ) has also produced urban and rural population
projections for China until 2025. However, these projections of urban and rural
populations are calculated from the projected proportion of urban population, and total
population and vital age compositions of urban and rural populations are not available.

A multiregional demography approach has been used to estimate the mortality,
fertility and migration rates of the urban and rural populations of China in chapter three.
In this chapter, an accounts-based urban-rural population projection model will be
established to make an urban-rural population projection for China.

One point needs to be discussed first with regard to urban-rural population migration
and the process of transition. The migration rates estimated in chapter three only reflect
pure urban-rural population migration. In reality, the urban population is partly
increased by the creation of new cities and towns and the actual expansion of urban
areas. This may be called rural-urban population transition. It seems that rural-urban
population transition will continue to contribute to urban population growth while urban-
rural migration is more strictly controlled by government in China. However, it is
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necessary to take into account both of these components of urban population growth in

urban-rural population projections. A demo-economic model will be established in this

part of the research to project total urban-rural population migration and rural-urban

transition on the basis of a dynamic general equilibrium model ( Lee, 1984 ). The urban-
rural population migration will be projected using fixed migration rates if there are some
rural-urban transitions. Reduced migration rates will be used if there is no rural-urban

transition. The rural-urban population transition will be calculated as a residual. There

will be no rural-urban transition if the residual is zero. This procedure is similar to

some recent studies which have attempted to model migration using demo-economic

models ( Ledent, 1982; Isserman, 1985; 1986; Isserman et al., 1985 ). In these studies,
selected economic variables were used to model or project population migration, birth
and death rates.

In section 4.2, a demo-economic model of urban and rural sectors will be discussed.
In section 4.3, an accounts-based urban-rural population projection model will be
proposed to make urban-rural population projections of China. In section 4.4, urban-
rural population projection results will be presented and analyzed. In section 4.5, the
effect of urbanization on future population growth of China will be simulated and
discussed. Some conclusions are given in section 4.6.

4.2 The demo-economic model of urban and rural sectors

This section will attempt to establish a demo-economic model of urban and rural sectors
in an effort to model the long-term trend of urbanization in terms of urban-rural
population migration. For simplicity, the word "migration” here refers both to
migration and transition in this section.

There have been a number of theoretical studies dealing with the economic forces
determining differential urban-rural , or more generally, sectoral growth. From these
the direction of labour mobility between sectors could be deduced.

About four decades ago, Simon ( 1947 ) was the first to consider these issues. His
main purpose was to reveal the anatomy of the mechanisms that are responsible for the
rural to urban population shift. He used two simple economic models. His main
conclusion was that a shift of labour from agricultural to nonagricultural occupations,
and consequent shifts in the rural-urban population ratio, will take place when there is
an increase in industrial productivity as great ( or nearly so) as in agricultural
productivity. This result stems from the greater income-elasticity of demand for
industrial as compared with agricultural goods.

Baumol ( 1967 ) studied the problem of unbalanced sectoral growth using a simple
macroeconomic model. Baumol assumed that an economy can be divided into two

78



sectors, a non-progressive sector in which the productivity of labour is constant, and as
a progressive sector where output per man-hour grows accumulatively at a constant
compounded rate. One of his main findings was that there is a tendency for the output
ratio of the non-progressive sector whose demands are not highly inelastic to decline
and even to vanish. It should be noted that Baumol is mainly concerned with the output
ratio of sectors rather than the labour ratio in his research. It is possible that the labour
ratio of two sectors will remain constant even if the output ratio of the non-progressive
sector declines.

Artle, Humes and Varaiya ( 1977 ) studied the same problem addressed by Simon
earlier using an excess demand analysis. Here for the first time price elasticity of the
demand for goods was incorporated into the model. In addition to deriving similar
findings to Simon and Baumol, they reached a stronger conclusion: if the demand for
food is inelastic with respect to its price, and that the demand for non-food is elastic
with respect to its price, labour migrates towards the non-food sector if there is a
productivity increase in the non-food sector, and if there is increasing, stable or even
minor decreasing levels of productivity in the food sector. In their derivation, it was
shown that the income elasticity and price elasticity of demands for goods are not
independent. Furthermore this approach can be viewed as similar to comparative statics
analysis though an intermediate procedure of disequilibrium analysis, namely, excess
demand analysis was used to facilitate the derivation. In fact, Simon ( 1982 ) did derive
the same conclusion using a comparative statics analysis in a more recent paper.

Vislie ( 1979 ) used specific production and demand functions to derive fundamental
conclusions obtained by others under same assumptions including equal wages in two
sectors. A most interesting finding in his paper is that the direction of migration may be
quite different if wages and their growth rates in two sectors are assumed to be
different. For example, in the case of Simon's problem ( 1947 ), labour may migrate to
the less income elastic sector if the wage rate of this sector grows slower than the wage
rate of the other sector. This is because the slower growth rate of the wage in this less
income elastic sector makes its product relatively more competitive compared to the
product of the other sector. Varaiya, Artle and Humes ( 1979 ) reached same
conclusions obtained by Vislie though their model reflects the more general case.

Lee ( 1984 ) established a two-sector dynamic general equilibrium model to
investigate the direction of migration in response to differing demographic and
consumption demand behaviour, as well as variations in production conditions. He
incorporated returns to scale and natural increase rate of sectoral population growth into
the model as important determinants of the direction of migration, in addition to price
and income elasticities, and the sectoral technical change rate. In addition to those
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findings obtained earlier by others, he also found that no definite conclusions regarding
the direction of migration can be made in the case of decreasing returns to scale in both
. sectors.

Some detailed research has also been undertaken in modelling urban-rural migration
and three fairly recent examples can be cited. A computable general equilibrium model
of the Indian economy has been established to model migration and city growth (Becker
et al., 1986). It is a long-run model of the Indian economy divided into ten sectors.
Urban immigration and city growth are driven by a variety of forces which include
capital deepening; skill accumulation per worker; unbalanced total factor productivity
advance; demand shifts with an urban bias; changes in world market conditions and
government policies. An urban-rural labour migration model has been produced for
South Korea ( Park and Fullerton, 1980 ). Here a simultaneous equations system was
used to describe the rural and urban labour market and migration behaviour in postwar
Korea. The urban-rural labour migration was driven by urban-rural wage and
unemployment differentials in their model. The empirical results are generally
consistent with economic theory. Finally, a model of urbanization has been used by
Berry et al. for several countries including China ( Ran and Berry, 1989 ). This model
was used to assess the extent of underurbanization of China in the period 1949-1986.
Here urban-rural migration was driven by urban-rural differentials in the growth of
productivity. The demand side was not considered in their model.

For the purpose of a long-term trend projection of urbanization, a demo-economic
model of urban and rural sectors based on a general equilibrium model ( Lee, 1984 )
has been chosen for this research. Several simplifications are made in the model. First,
the production function is simplified by linking output and labour input using the labour
productivity rate. Second, it is assumed that demands for agricultural and industrial
goods are determined by income while the effect of price on the demand for goods is
disregarded. Therefore, the price elasticity of the demand for goods does not appear in
the model. In fact, income and price elasticity of the demand for goods are not
independent variables as is shown by Artle, Humes and Varaiya ( 1977 ). Simon
(1982) also challenged that the assumption of price elasticity of the demand for goods
is not likely to be satisfied in a real economy. This is especially so in underdeveloped
countries where foodstuffs are available at not much above the subsistence level. This
assumption means a decrease in the price of manufactured products will decrease the
consumption of agricultural products. There are several advantages in using this model.
First, it is relatively simple to implement. It may be of course much more desirable to
establish a detailed econometric model of the urban and rural economy of China but this
undoubtedly would result in much greater data requirements. Second, the model has a
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sound theoretical basis. It is a gereral equilibrium model and both the supply side and
the demand side are incorporated. Third, exogenous variables are kept to minimum. In
any projection, exogenous variables need to be projected first. The meanings of
projection results are as a result much clearer if only a few exogenous variables are
involved.

A basic assumption of the demo-economic model is that an industrial product and an
agricultural product are produced in the urban sector and rural sector respectively and
consumed by the whole population. Thus, the urban sector corresponds to the non-
agricultural sector, and the rural sector to the agricultural sector.

The variables are defined as follows:

P(t) is the total population at the end of period t-1 to t.

LPk(t) is the labour force in sector k at the end of period t-1 to t, k=i ( urban;
non-agricultural ), j ( rural; agricultural ).

nP(t) is the natural increase rate of total population in period t-1to t.

nlk(t) is the forward natural increase rate of labour force in sector k in period
t-1to t, k=i, j.

k(t) is the labour productivity in sector k in period t-1 to t, k=i, j.

ok(t) is the growth rate of labour productivity in sector k in period t-1 to t,
k=i, j.

Qk(t) is the output of industrial or agricultural product in sector k in period t-1
to t, k=i, j.

ck(t) is the consumption per capita of the product produced in sector k in
period t-1 to t, k=i, j.

y(t) is the income per capita in period t-1 to t.

ek(t) is the income elasticity of the consumption of the product produced in
sector k in period t-1 to t, k=i, j.

MNL(t) is the net urban-rural labour migration in period t-1 to t.

The following equations can be obtained. For simplicity, the year-end labour force
and population figures are used in both the production and consumption equations. The
production equation is:

Qk(t) = rk(t) LPk(t) k=i, j 4-1)
The consumption equation is:

Qk(t) = P(t) ck(t) k=i, j 4-2)
The labour productivity increase equation is:

1k(t) = (1 + ok(t) ) rk(t-1) k=i, j (4-3)

The equation of the income elasticity of consumption is:
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ek(t) = dInck(t) / diny(t) = ( ck(t) - ck(t-1)) / ck(t-1) / dlny(t)

k=i, j (4-4)
The total population increase equation is:
P(t) = ( 14nP(t)) P(t-1) (4-5)
The labour force increase equations are:
LPi(t) = ( 1 + nLi(t)) LPi(t-1) + MNL(t) (4-6)
LPj(t) = (1 + nLj(t)) LPi(t-1) - MNL(t) 4-7)

It is assumed that ok(t) and ek(t) are exogenous variables representing the supply and
demand conditions. The demographic variables nP(t) and nLk(t) can be endogenously
calculated from the urban-rural population model described in the next section. Hence,
it is useful to derive the equation for MNL(t) in terms of these exogenous and
endogenous variables and the labour force LPk(t-1) in the previous year.

The following equations can be obtained from equations (4-1) and (4-2):

rk(t) LPk(t) = P(t) ck(t) k=i,j 4-8)
rk(t-1) LPk(t-1) = P(t-1) ck(t-1) k=i,j (4-9)
It follows that:

ck(t)/ck(t-1) = P(t-1)rk(t) LPk(t)/ (P(t) rk(t-1)LPk(t-1)) k=i,j (4-10)
Substitute equations (4-3) and (4-5) into the equation (4-10) to produce:

ck(t)/ck(t-1) = (1+0k(t))/(1+nP(t)) LPk(t)/ LPk(t-1) k=i,j (4-11)
The following equation can be obtained from (4-4):
ei(t)/ei(t) = (ci(t)/ ci(t-1) - 1) / (ci(t)/ ci(t-1) - 1) k=i,j (4-12)

Substitute equation (4-11) into (4-12) and rearrange to produce:
ei(t)/ei(t)(1+0i(t))/(1+nP(t)) LPi(t)/LPi(t-1) - ei(t)/ei(t)
= (1+0i(t))/(1+nP(t))LPi(t)/ LPi(t-1) - 1 k=i,j (4-13)

Substitute equations (4-6) and (4-7) into (4-13) and rearrange and the following
projection equation for MNL(t) can be obtained:

MNL(t) = (ei(t)/ei(t) (1+ ai(t))(1 + nli (1))/(1+ nP(D)) - (1 + oi(t)) (1+ nLi (t))
/(1 + nP()) - ei(t)/ei(t) + 1) / (ei(t)/ei(t) (1 +0i(1)) /(1 + nP(t))/LPj (t-1)
+ (1 + 0i(t))/(1 + nP(t))/LPi (t-1)) (4-14)

Equations (4-6), (4-7) and (4-14) constitute the demo-economic model of urban and
rural sectors.

It is assumed in the model that the national economy can be divided into an urban
sector and a rural sector. In reality, there are no statistics based on such division.
Therefore, the division into an agricultural sector and a non-agricultural sector has to be
used to estimate the exogenous variables needed in the model. Again in reality there are
some rural dwellers employed in the non-agricultural sector though of course most of
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the rural population are employed in the agricultural sector. For a more detailed
discussion of the difference between the division of urban-rural population and the
division of agricultural and non-agricultural labour force see section 2.3.1, table 2-1
and table 2-2. There is no doubt that the conversion of labour force from the
agricultural to the non-agricultural sector is the main cause of rural to urban population
migration and transition. The agricultural and non-agricultural employment data for
China in the period 1979-1988 will be used to test the performance of the model in the
first instance. Then the urban and rural employment data for the period 1979-1987 will
be used to further test the performance of the model.

Agricultural and non-agricultural employment data are available from official Chinese
sources ( SSB, 1989 ). The GNP data for any particular year are based on the current
price of that year and are unsuitable for calculating the growth rates in productivity.
However the GNP growth index data are based on a comparable price. Therefore, the
GNP produced by the agricultural sector and the non-agricultural sector at a comparable
price are calculated using the GNP data in 1978 and the GNP growth index data in
subsequent years ( SSB, 1989 ). Table 4-1 shows the annual growth rates of
productivity in the two sectors and the income elasticity of consumption of agricultural -
and non-agricultural products in the period 1979-1988. In most years except 1981 and
1982, the income elasticity of consumption of the agricultural product is less than one
while that of the non-agricultural product is more than one, as expected. Generally, the

Table 4-1 Rate of productivity increases and income elasticity
of consumption of the products in two sectors
Year Growth rate of Income elasticity of
productivity (%) consumption
Agricultural Non-agricultural Agricultural Non-agricultural
1979 5.21 3.22 0.8061 1.0743
1980 -3.45 422 -0.4548 1.5421
1981 474 -1.65 1.8339 0.7231
1982 7.87 4.04 1.4233 0.8565
1983 7.50 4.77 0.8035 1.0695
1984 13.97* 1.54 0.8772 1.0419
1985 1.86 7.30 0.1370 1.2914
1986 2.63 2.82 0.2338 1.2294
1987 3.16 6.99 0.3192 1.1909
1988 412 8.07 0.0898 1.2370
1979-
1988 4.2918 4.0945 0.5239 1.1463

Note: * the productivity in agriculture was greatly increased in 1984 as a large number
of labourers were released to the non-agricultural sector in that year.
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consumption of agricultural products is not income elastic. Therefore, most of the
increased income will be used for the consumption of non-agricultural products. There
was a slowdown of non-agricultural production in 1981 and 1982 so that its growth
rate was less then that of the agricultural sector. Because of this change in supply
conditions, the consumption of agricultural products was increased faster than that of
non-agricultural products in 1981 and 1982. If these annual growth rates of
productivity and income elasticity of consumption are used, the demo-economic model
will estimate exactly the amount of the agricultural and non-agricultural employment
and the net "migration" between the two sectors. Instead, the average growth rates of
productivity and the income elasticity of consumption in the period 1979-1988 will be
used to test if the model can capture the general trend of the net "migrations” between
the two sectors. As shown in table 4-1, the average annual rate of productivity increase
is 4.2918% for the agricultural sector and 4.0945% for the non-agricultural sector for
the period 1979-1988. The income elasticity of consumption is 0.5239 for the
agricultural product and 1.1463 for the non-agricultural product over the same period.

The natural increase rates of the national population for the period 1979-1988 are
readily available ( SSB, 1989 ). However the natural increase rates of the work forces
in the two sectors are not available. The annual data of work forces registered as
agricultural population and non-agricultural population ( SSB, 1989 ) are used to
calculate the natural increase rates of the work forces in two sectors ( see chapter two
for the difference between actual non-agricultural employment and non-agricultural
employment in registered non-agricultural population ). The data for labour "migration”
from registered agricultural population to registered non-agricultural population are
available for 1978, 1980 and 1983-1988 ( SSB, 1989 ). The "migration" data for
unreported years are estimated as the average "migration” of two adjacent years when
these data are available. These "migration” data are used to adjust the annual data of
work forces registered as agricultural population and non-agricultural population to
calculate the natural increase rates of the work forces in the two sectors. '

The labour force in the non-agricultural sector consists of two parts: those registered
as non-agricultural population and those as agricultural population in China. This is
also true for urban population. Therefore, the real net labour "migration” between the
agricultural sector and the non-agricultural sector in China consists of two parts. The
first part is the labour "migration” from registered agricultural population to registered
non-agricultural population. The data on this component are available as explained
above and are shown in table 4-2. The second part is the net labour "migration”
between two sectors by the registered agricultural population. This part is estimated
using the natural increase rate of the work force in the agricultural sector and the
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Table 4-2 Net labour "migration” between agricultural and non-agricultural sectors

(millions)
Year Estimation one Estimation Model
Part one Part two Total two result
1 2 3 4 5 6
1979 1.379 -0.140 1.239 1.670 2.39
1980 1.270 2.155 3.429 3.789 4.06
1981 0.978 0.873 1.851 2.009 3.84
1982 0.978 -0.331 0.647 0.996 6.66
1983 0.682 4.349 5.031 5.214 5.32
1984 1.230 13.727* 14.957* 15.425* 7. 19
1985 1.502 6.218 7.720 8.126 6.14
1986 1.665 6.103 7.768 7.945 6.02
1987 1.668 3.750 5.418 5.610 6.49
1988 1.599 2.252 3.851 4.099 6.90
Total 51911 54.883 55.01

Data source: SSB (1989) for 1980, 1983-1988 of column two.

Notes: * a great shift of labour from agricultural to non-agricultural sector occurred as a
result of the expansion of township firms in 1984.

Column

1: year.

2: labour "migration" between the registered agricultural population and urban non-
agricultural population.

3: estimated net labour "migration" between the two sectors by the registered
agricultural population.

4: estimation of total net labour "migration" between the two sectors. Column two plus
column three.

5: estimation of net labour "migration" by using natural increase rate data.

6: net labour "migration” projected by the model.

non-agricultural employment in the registered agricultural population, and is also
shown in table 4-2. An estimation of the real net labour "migration" between two
sectors is obtained by adding these two parts.

A second estimation of the real net labour "migration" between two sectors can be
obtained by using the data for the agricultural employment and the natural increase rate
of the work force in the agricultural sector. This second estimation is also shown in
table 4-2. These two estimations of the real net labour "migration" between the two
sectors are similar as is shown in figure 4-1. According to the first estimation, there are
51.911 million net labour "migrations” in the period 1979-1988. The second estimation
produces some 54.883 million net labour "migrations" in the same period.

The demo-economic model equations (4-6), (4-7) and (4-14) are next used to project
the net labour "migration” and the agricultural and non-agricultural employment in the
period 1979-1988. The base year is 1978. Table 4-2 and figure 4-1 show the resulting

85



O Estimation one o Estimation two A Model projection
16 & # : m E

14

- o=
[«-]

6
4
2
0-1 1 r— o« 1 1 1 1 1 1 1 1 1 1 1 ! 1 1 1 1 1 Semeeen
1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989
Year
Figure 4-1 Comparison of estimated real net labour "migration" and projected net

labour "migration" between the agricultural and non-agricultural sectors

projected net labour "migration" between two sectors. The relative error is especially
susceptible to small real net labour "migration" as in 1982. Excluding 1982, the RMSE
(Root of the Mean of the Square of relative Errors) of the projected net labour
"migration" are 58.53% and 46.15% for estimation one and estimation two of the real
net labour "migration" respectively. I'he total amount of net labour "migration"
projected by the model in the period 1979-1988 is 55.01 million which is close to
estimation two of the real net labour "migration". It seems that the general trend of the
net labour "migration" is captured by the model as only the average parameters of the
period have been used.

Table 4-3 and figure 4-2 show the real employment and projected employment in the
agricultural and non-agricultural sectors in the period 1979-1988. The relative errors of
the projected employment are small. The maximum relative error of the projected
agricultural employment is -2.88% in 1983. Overall the RMSE of the projected
agricultural employment is 1.37%. The maximum relative error of the projected non-
agricultural employment is 6.45% in 1982. Overall the RMSE of the projected non-
agricultural employment is 3.09%.

The model is next tested against the urban-rural employment data in the period 1979-
1987 using the same parameters as were used in the above test against the real
agricultural and non-agricultural employment data. Because urban-rural labour
populations will be used in the demo-economic model for the urban-rural migration

projection, it is sensible to test the model perfonnance using urban-rural employment
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Table 4-3 Comparison of real employment and projected employment produced by
the model in the agricultural and non-agricultural sectors (millions)

Year Real employment Projected employment
Agricultural Non-agricultural Agricultural Non-agricultural

1979 286.92 123.32 286.20 124.48
1980 291.81 131.80 290.79 133.51
1981 298.36 138.89 295.48 142.81
1982 309.17 143.78 300.52 153.05
1983 312.09 152.27 303.1 1 161.71
1984 309.27 172.70 308.16 173.85
1985 311.87 186.86 312.70 186.09
1986 313.11 199.71 315.89 196.73
1987 317.20 210.63 319.19 208.01
1988 323.08 220.26 322.33 219.71
OReal agricultural 0 Model agricultural A Real non-agricultural
O Model non-agricultural
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Figure 4-2 Comparison of real employment and projected employment produced by

the model in the agricultural and non-agricultural sectors

data instead of the real agricultural and non-agricultural employment data.

However in fact the urban-rural employment data are not available. The rural
employment data are estimated using the rural population data (see table 2-5) and the
participation rate data of the registered agricultural population. This participation rate is
defined as the amount of labour force divided by the total population in the registered

agricultural population, llie participation rale data are calculated using the total
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employment data of the registered agricultural population ( SSB, 1989 ) and the
registered agricultural population data ( DPS, 1988b ). The urban employment data are
estimated as the difference between the total employment of China ( SSB, 1989 ) and
the estimated rural employment. The natural increase rates of the work forces in the
urban and rural sectors are estimated by the natural increase rates of work forces
registered as non-agricultural population and agricultural population.

The real urban-rural net labour migration is estimated using the estimated rural
employment data and the natural increase rate data of the rural work force. The demo-
economic model equations (4-6), (4-7) and (4-14) are used to project the urban-rural net
labour migration between the urban and rural sectors. Table 4-4, and figures 4-3 and 4-
4 show the estimated real urban and rural employment, urban-rural net labour migration
and the projections of the model. Except for 1980 and 1983 when the real net labour
migration is relatively small and the relative projection error is large, the RMSE of the
projected net labour migration is 37.89%. The total amount of net labour migration in
the period 1979-1987 projected by the model is 46.64 million which is close to the
estimated 40.74 million real net migrations. The relative errors of the projected
employment are small. The maximum relative error of the projected rural employment is
-3.19% in 1983. The RMSE of the projected rural employment is 1.83%. The
maximum relative error of the projected urban employment is 8.07% in 1983. The
RMSE of the projected urban employment is 4.24%.

Table 4-4 Comparison of estimated net urban-rural labour migration, urban and
rural employment and model projections (millions)
Year  Labour migration Real employment Projected employment
Real  Projection Rural Urban Rural Urban

1979 2.44 . 2.27 301.44 108.80 301.61 108.78
1980 1.30 3.87 309.26 114.35 306.86 116.99
1981  2.51 3.68 315.82 121.43 312.18 125.45
1982  3.65 6.40 324.67 128.28 318.13 135.00
1983  1.25 5.14 331.96 132.40 321.36 143.09
1984 12.24* 6.98 333.13 148.84 327.36 154.46
1985 6.20 6.00 338.48 160.25 332.71 165.88
1986  5.08 5.91 343.36 169.46 336.60 175.90
1987  6.07 6.39 347.93 179.90 340.64 186.58
Total 40.74 46.64

Note: * the urban-rural labour migration was greatly increased in 1984 due to the
expansion of non-agricultural sector.
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Figure 4-4 Comparison of estimated real employment and projected employment in
the urban and rural sectors

It seems that the model performance is relatively satisfactory in projecting the general
trends of the urban-rural net labour migration and employment growth. The model will
be used to drive the urban-rural migration and transition in the urban-rural population

projection model proposed in the next section.

&9



4.3  The urban-rural population projection model

An accounts-based urban-rural population projection model will be proposed in this
section on the basis of the multiregional population accounts concept. The demo-
economic model proposed in the previous section will be linked with the population
projection model. Labour population variables will be used in this section to replace the
labour force variables used in the previous section in the demo-economic model though
same notations are used in both sections. This replacement assumes that the ratio of
labour force to labour population is constant and it will not affect population projection
as long as this assumption is valid. In fact, the participation rate of population has been
stable in China as almost every person who is able to work is in the labour force. The

variables are defined as follows:

uk,, is the mortality rate of period-cohort a and gender g in region k, k =i
(urban), j (rural ); g =m (male), f (female).

fnk, is the normal fertility rate of female population of period-cohort a in
region k.

mka,(t) is the out-migration rate of period-cohort a and gender g in region k in
period t-1 to t.

Sklae(t) is the survival rate of population of period-cohort a and gender g in
region k at time t-1 who survive in region | at time t, k=i, j; 1=i, j; k=l

Sexk, is the ratio of gender g in births in region k.

TFRk(t) is the total fertility rate in region k in period t-1 to t.

Pb(k)* o (1) is the births of gender g in region k in period t-1 to t.

Pb(*)kgg(t) is the population of infants-cohort of gender g in region k at the end of
period t-1 to t.

Pk* e (t-1) is the population of period-cohort a and gender g in region k at the
starting time of period t-1 to t.

P*k,e () is the population of period-cohort a and gender g in region k at the end
of period t-1to t.

Pk o (1) is the population of period-cohort a and gender g in region k at the end
of period t-1 to t taking into account of rural to urban transition.

Prd(k)g(t) is the deaths of gender g in region k in period t-1 to t.

MPLK(t) is the pure labour out-migration from region k in period t-1 to t using
fixed out-migration rates.

MPk (1) is the pure population out-migration of gender g from region k in period

t-1tot.
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MPTk(t) is the gross population out-migration and transition from region k in
period t-1to t.
RM(1) is the ratio of gross rural out-migration and transition to the pure rural

out-migration using fixed rural out-migration rates.

RS(t) is the rural population transition ratio.
RT(t) is the ratio of rural to urban transition to gross rural out-migration and
transition.

Fixed urban out-migration rates will be used in the model. Total net urban-rural
labour population migration and transition will be projected by the demo-economic
model developed in the previous section. Then the gross rural labour out-migration and
transition will be calculated by adding together the urban labour out-migration and the
net urban-rural labour migration and transition. It is proposed that if the amount of
gross rural labour out-migration and transition is less than that of rural labour out-
migration projected by using fixed rural out-migration rates, then the rural out-migration
rates will be scaled down. Otherwise, fixed rural out-migration rates will be used to
project the pure rural out-migration. The rural-to-urban labour transition will be
projected as the difference between the gross rural labour out-migration and transition,
and the pure rural labour out-migration. At the end of each projection year, some rural
population will transit to urban population in proportion to the projected rural-to-urban
labour transition. According to the projection results described in the next section, the
ratio of rural to urban transition to the gross rural out-migration and transition will
gradually increase from about 60% in the year 1988 to about 80% in 2087. Some
assumptions could be made to propose alternative trends for this ratio. For example,
this ratio may be assumed to be fixed at the base year figure or decrease gradually to
zero in 2087. For simplicity, these alternative assumptions are not introduced into the
model at this stage.

The equations in the urban-rural population projection model will be discussed in the
following according to the sequence of calculations.
The natural increase rates of the urban and rural labour populations are calculated as if

there was no urban-rural migration as follows:
nbk(t) = (2 5%=18 Pk*ap (-1)(1 - ukyp ) + X604 18 Pk*y(t-1)
(1 - ukyy )Y LPK(t-1) -1 k=i,j (4-15)
LPk(t-1) = 259 5o18P™kqg (t-1) + X64 5o18 P™kam(t-1)
=260 ,_1gPk*,¢ (t-1) + X65 ,_jg Pk*, . (t-1) k=i, j (4-16)

The labour population consists of females in period-cohorts 18-59 or aged 18-59 and
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males in period-cohorts 18-64 or aged 18-64 at the end of one-year periods ( Song et
al.,, 1981).
The natural increase rate of population nP(t) can be estimated by disregarding

migration for the moment as follows:
nP(t) = (X x TFRk(t) Z50 5=15 Pk*4¢ (t-1) frky X g Sexky (1 - ukoy)
+ X X g XA oy PR (1)1 - ukyg) )/ P(t-1) - 1 4-17)

P(t-1) = Z g X g X g Pkyp(t-1) = X X X g Pk*p(t-1) (4-18)

The natural increase rates obtained from the equations (4-15) and (4-17) are used in
the demo-economic model equation (4-14) to project the total net urban-rural labour
migration and transition MNL(t).

The pure labour out-migration from region k using fixed out-migration rates can be
calculated as follows. Only survival migrants are counted because the demo-economic
model is only concerned with the balance of work force at the end of the period t-1 to t.

MPLE(t) = X 59,218 Pk*,¢(t-1) mkar (to) + X 645=18 Pk*am(t-1) mkap, (to)
k=i,j (4-19)
The ratio of the gross rural labour out-migration and transition to the pure rural labour

out-migration using fixed rural out-migration rates can be calculated as follows:

RM(t) = ( MNL(t) + MPLi(t)) / MPLj(t) k=i,j (4-20)
The rural out-migration rates are adjusted as follows:
Migg(t) = Miag(to) RM(1)21
{ RM(t) miyg(to) RM(t)<1 a=0,1, ..., A (4-21)
New rural survival rates are calculated using following equations:
Sliag(t) = mi,g(t) a=0,1, ..., A (4-22)
Siiag(ty = (1 - migg(t)/ (1 - 0.5 uizg - 0.5 wizg ) ) (1 - wipy)
a=0,1, ..., A (4-23)

The births in period t-1 to t can be calculated using the following equation. The initial
populations corresponding to survival migrants and survival non-migrants are
calculated first as forward fertility rates are used in the equation.

Pb(k)*, (1) = Sexk, TFRk (t) X50,_5 fnk, ( Pk*;p(t-1) Skk,(t)/( 1- ukyp )
+ 0.5 ( Pk*ap(t-1) Sklg(t) + Prop(t-1)Stk,(1))/( 1 - 0.5uk,-0.5uly))
k=i, j; 1=, j; k=l (4-24)
The ending population of the infants-cohort of gender g in region k in period t-1 to t

can be calculated as follows:
PbC*)kg,(t) = Pb(k)*o(t) Skkog(t) + PbM* (1) Stkog(t) k=i, j; 1=i, j; k=l (4-25)
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The ending population of the period-cohort a of gender g in region k in the period t-1
to t is produced from:
P*k,ag(t) = Pk*ag(t-1) Skkog(t) + P1*55(t-1) Slkpg(t) (4-26)
a=1,2, ... A; k=i, j; =i, j; kel
Total out-migration of gender g from region k in period t-1 to t can be calculated as
follows. Non-survival migrants are also counted.
MPky(t) = Pbk)*g(t) Sklpg(1)/(1-0.5ul,,) + XA,y Pk*;5(t-1) Sklgg(t)/(1-0.5ul,,)
g=m, f (4-27)
Total deaths of gender g in region k in period t-1 to t are estimated by:
P*d(k)g(t) = (Pb(k)*g(t) Skk()g(t)/(l‘ukﬂg) + 0-5(zv,w=i,j;v¢wpb(v)*g(t) vaOg(t))
/(1‘0~5Ui0g'0°5uj0g)) ukOg + z:"\a=1(Pk*ag(t’ 1) Skkag(t)/( 1 ‘Ukag)

+ 0.5y, w=i jivewPV*ag(t-1) SvW,0(1))/(1-0.5uiz5-0.5uiag)) uk,g
k=i,j (4-28)
The rural labour population transition ratio RS(t) is calculated as follows in case of
RM(t) > 1. Otherwise, RS(t) equals zero.
RS(t) = ( MNL(t) + MPLi(t) - MPLi(1))/ ( Z 3%=18 PJag(t) +Z 645-18 P*iam(t) )
(4-29)
The gross population out-migration and transition from region k in period t-1 to t is

derived from:

MPTi(t) = Z,MPiy(t) (4-30)
MPTj(t) = Z,MPig(t) + RS(t) L ZA,_oP"iag(t) (4-31)

The ratio of rural to urban transition to the gross rural out-migration and transition is
the result of:
RT(t) = 1- Z,MPj (t)/MPTi(t) (4-32)
The projection results from equation (4-25) and (4-26) are modified by the population
transition as follows. The rural labour population transition ratio is applied to the whole

rural population.

Pigg(t) = Pb(*Jigg(t) + Pb(Migg(t) RS(1) g=m, f (4-33)
P*igg(t) = P*iyg(t) + P*igg(t) RS(t) a=1,2 ... A; g=m, f (4-34)
P™igg(t) = PO(igg(t) - PXigg(t) RS(t) g=m,f  (4-35)
Piag(t) = PYigg(t) - Pripg(t) RS(1) a=12 ... A; g=m, f (4-36)

It is assumed that the population transition takes place at the end of period t-1 to t.
Pk,q(t) is the projected population of the period-cohort a of gender g at the end of
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period t-1 to t. Various population indexes can be calculated from these basic

projections.
The starting populations for the next period t to t+1 are as follows:
Pk* 35 (t) = P*ky_q4(t) a=1,2,..., A-1; k=i,j (4-37)
Pk*ag(t) = Pk 15(t) + Pkag(t) k=i, (4-38)

Equations (4-14) - (4-38) constitute the urban-rural population projection model. In
this model, the urban-rural population migration and transition is driven by the demo-
economic model proposed in section 4.2. If urban-rural population projections are to be
made on the basis of fixed urban and rural areas in the base year, so that only pure
urban-rural migration needs to be taken into account, an alternative urban-rural
population projection model can be obtained by simply assigning the rural transition
ratio RS(t) to zero. This kind of projection is not considered here but it may produce
results between the two projections, with or without urban-rural migration and

transition, which will be discussed in section 4.5.

4.4  Urban-rural population projections

This section will discuss urban-rural population projections of China using the urban-
rural population projection model in section 4.3. Four points need to be emphasized
first. These concern the urban and rural populations in the base year 1987, the
adjustment of the age composition of populations in the base year to take into account of
the armed forces, the mortality rates estimation, and the future trend in the total fertility
rate in China.

First, it has been found in chapter two that the urban population data based on the
1982 definition are overcounted. A series of urban population data for the period 1983-
1987 has been estimated in chapter two. It is deemed preferable to use the estimated
total urban population in 1987 as the basis for urban-rural population projections in this
section. The 1% sampling data of 1987 ( DPS, 1988a ) which were used to estimate
demographic rates in chapter three are based on the 1982 urban population definition. In
other words, according to the estimated total urban population, some urban population
based on the 1982 definition is reclassified as rural population. This reclassified
population is 158.49 million in 1987 and accounts for 33.2% of urban population and
26.1% of rural population in 1987 based on the 1982 definition. According to the
estimation results in chapter three, the total fertility rates of the urban and the rural
populations based on the 1982 definition were 1.936 and 2.719 respectively in 1987. It
is assumed that this reclassified population had an average total fertility rate of the urban
and rural populations based on the 1982 definition. Total fertility rates of the estimated
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urban and rural populations can then be calculated and proved to be 1.741 and 2.638
respectively. For simplicity, the estimations of mortality rates, migration rates and
normal fertility rates obtained in chapter three are used directly for urban-rural
population projections in this section.

Second, the armed forces are not included in the 1% sampling data of 1987 ( DPS,
1988a ). According to SSB ( 1987 ) and DPS (1988b), it can be inferred that there were
3.14 million males and 0.10 million females in the armed forces in 1987. Their age
composition is unknown, but it again can be inferred that most of them were in period-
cohorts 19 to 27 as indicated by the relatively low male to female ratio in these period-
cohorts in the 1% sampling data. The following procedures were used to allocate
members of the armed forces to these period-cohorts. It was assumed that males and
females of the armed forces have same age structure. The sample population data were
inflated to the real civil population excluding the armed forces. A male to female ratio of
the population including the armed forces in period-cohorts 19 to 27 was calculated.
The male and female members of the armed forces were than allocated to each of the
period-cohorts 19 to 27 so that these period-cohorts have same male to female ratio. A
similar procedure was used by Coale ( 1984 ) in his adjustment of China's population
census data of 1982 to account for the armed forces.

Third, it is found that some mortality rate estimations for the period-cohorts over 92
obtained in chapter three show relatively large deviations from the general trend of
increasing mortality rate with age. An exponential model is adopted to express the
relation of age-specific mortality rate with age.

uk,g = by EXP (bja +e) (4-39)
Here by and by are parameters and e is a random item. The linear form of equation (4-
39) is as follows:

Inuk,,=Inbo+bja+e (4-40)

The parameters in equation (4-40) are estimated separately for each gender in each
region by linear regression using the mortality rate estimations of period-cohorts 71-91
obtained in chapter three. The estimated results are as follows:

Urban females In uiyg=-10.074 + 0.096 a (4-41)
(57.468 )
R=0.997 Adj R2=0.994 F=3303
Rural females In ujr=-9.735+ 0.091 a (4-42)
(66.241)
R=0.998 Adj R2=0.995 F=4388
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Urban males In ui,, =-8.750 + 0.083 a (4-43)

(42.707)
R=0.995 Adj R2=0.989 F=1284
Rural males In Wy, =-8.698 + 0.081 a (4-44)
(45.091)
R=0.995 Adj R2=0.990 F=2033

All t-statistics for the estimated parameters and F-statistics for the equations are
significant at level 0.001. These equations are used to extrapolate mortality rates for
period-cohorts 92 and over which are used in the population projection model.

Survival rates for period-cohorts 92 and over are calculated according to the
extrapolated mortality rates as follows:

Skkag = (1-mklyp/(1-0.5 ukyg -0.5 ulyg)) (1-ukyy)
k=i,j; 1=i,j; k#l; g=m,f; a=92,93, ..., A (4-45)

Last, the total fertility rate in China has declined significantly in the past two decades.
The total fertility rate was 5.746 in 1970 and 2.618 in 1982 ( Coale and Chen, 1987 ).
The available fertility rate data for urban and rural populations are based on the old
urban population definition, i.e., urban registered non-agricultural population ( see
chapter two ). Based on this old definition, the total fertility rate of the urban population
began to decline in the late 1950s from 6.165 in 1957 to 1.499 in 1982 except for an
abnormal fluctuation in the period 1961-1964. The fertility rate decline in the rural
population was much later. The total fertility rate of the rural population began to
decline in the early 1970s from 6.313 in 1970 to 2.857 in 1982. The decline of the total
fertility rate in China is associated with the overall level of socio-economic development
and a series of government birth control campaigns ( Kane, 1987; Tien, 1991 ). It
seems that both of these have contributed to the dramatic decline of the fertility rate in
past two decades in China (Birdsail and Jamison, 1983). There has been a trend to
intensify the birth control campaign from the early 1970s to the late 1980s. The most
controversial "one-child campaign” was launched in 1978. However, the rigorous birth
control policy has been somewhat relaxed since 1984 in that most rural couples are now
allowed to have two children ( Peng, 1991; Greenhalgh, 1986 ). Meanwhile, generally
the government is still strongly encouraging couples to have only one child. Most urban
couples are still required to have only one child. The recent economic reforms and the
introduction of the household production responsibility system in rural areas may
decrease the effect of government birth control efforts. The overall implication is that

socio-economic development and modernization may play much greater role in the

96



future trend of the fertility rate in China. Government birth control efforts will still
have some effects and there are arguments that they need to be maintained, if not
intensified, if population growth in China is to be slowed down feasibly and quickly. In
fact, the total fertility rate of China has been further decreased from 2.618 in 1982 to
2.374 by 1987.

For the purpose of urban-rural population projections, three sets of total fertility rate
trends in China are assumed. In set (A), it is assumed that the total fertility rates of
urban and rural populations will remain unchanged from the base year 1987. The
projection (A) based on this assumption shows the consequence of continuing
population growth if fertility rates are not reduced in future.

Total fertility rates of urban and rural populations however are likely to decline in
~ future because of population control policy and changes of social, economic and
psychological factors. According to previous population projection practices in China, it
is recognized that a U-shaped total fertility rate trend is probably both desirable and
feasible ( for example, Jiang and Lan, 1987 ). A realistic long term target for the
population control policy may be a zero population growth rate ( Song et al., 1981; Hu
and Zhang, 1984 ). The total fertility rate TFRky for a stable zero growth rate

population can be calculated using the following equation. For simplicity here, the
urban-rural migration is disregarded.
TFRkg = 1/ ( Sexkg X 30,_s5frk,r Py_g,1,.a-1 (1-ukyp)) k=i,j (4-46)

A female birth ratio of 48.4% ( Song et al., 1981 ) and the normal fertility rates and
mortality rates estimated in chapter three can be used. The total fertility rates at
replacement level are about 2.2 for both the urban and the rural populations. Thus the
total fertility rate of 2.2 is partly used in some of the assumptions of sets (B) and (C)
about the future total fertility rate trend in China.

In set (B), it is assumed that the total fertility rate of the urban population will
gradually decline to 1.5 by 2000, remain unchanged until 2010, gradually increase to
2.2 in 2030, and then remain unchanged until 2087. The total fertility rate of the rural
population is assumed to decline gradually to 2.2 in 2020, then remain unchanged until
2087.

However there may be concern that once the total fertility rate of the urban population
has declined to a low level, it may be difficult to reverse the trend and increase the total
fertility rate unless the earlier decline is a forced one. In set (C), it is assumed that the
total fertility rate of the urban population will decline to 1.5 by 2000, then remain
unchanged until 2087. For this projection (C) the total fertility rate trend of the rural
population is assumed to be the same as in set (B).
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The basic inputs to the urban-rural population projection model are summarized as
follows. Fixed mortality rates, out-migration rates, survival rates and normal fertility
rates estimated in chapter three are used with two exceptions. First, mortality rates and
survival rates for the period-cohorts 92 and over are based on equations (4-39) - (4-44).
Second, the rural out-migration rates will be scaled down if the amount of projected
rural out-migration by the demo-economic model is less than the amount projected by
using fixed out-migration rates. In this case, fixed normal out-migration rates are used
implicitly in the population projection model. It does however appear that this situation
does not occur in the following projections. The amount of projected out-migration by
the demo-economic model is always greater than the amount projected by using fixed
out-migration rates.

Average income elasticity of consumption of the agricultural and non-agricultural
products and average growth rates of productivity in the agricultural and non-
agricultural sectors in the period 1979-1988 are used in the demo-economic model
throughout the projection period. Three sets of total fertility rate trends (A), (B) and (C)
are assumed as mentioned above. Thus there are three sets of projections called (A), (B)
and (C). The base year is 1987. The projection period runs from 1988 to 2087.

The main results of the urban-rural population projections are presented in tables 4-5,
4-6 and 4-7. The labour population includes males aged 18-64 and females aged 18-59.
The elderly population includes males aged 65 and over and females aged 60 and over
(Song et al., 1981 ). The population stock data (for example, total population and
labour population) refer to mid-year. The population flow data ( for example, births and
deaths) refer to one year period from previous mid-year to the mid-year concerned.

Projection (A) assumes that the urban and rural total fertility rates will remain
unchanged though the total fertility rate of China will decline because of the increasing
urban population component. Table 4-5 presents the result of projection (A). For this
the total population of China will continue to grow until 2040 ( figure 4-5). It will
increase from 1100.84 million in 1988 to 1312.00 million in 2000 and 1603.60 million
in 2040. It will decline slowly after 2040 to 1369.55 million in 2087. The urban
population will increase from 334.40 million in 1988 to 530.51 million in 2000 and
reach 1199.28 million by 2050. The urban population will be almost stable around
1220.00 million after 2050. The rural population will slightly increase from 766.44
million in 1988 to 781.49 million in 2000. Then it will gradually decline to 481.01
million in 2040 and 151.02 million in 2087. The urban population percentage will
steadily increase from 30.38 in 1988 to 40.44 in 2000 to 70.00 in 2040 and reach
almost 89 by 2087 ( figure 4-6 ). Urban out-migration will increase from 0.25 million
in 1988 to 0.79 million in 2050, then will be stable around (.80 million ( figure 4-7 ).
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Table 4-5 Urban-rural population projection (A) for China to 2087 (millions)

Year Population  Births =~ Deaths Out-migration Labour population Labour % Elderly % Mean Age(year) Urban %
1988 334.40 5.70 1.94 0.25 206.74 61.83 6.99 29.17

1990 367.40 6.51 2.20 0.28 231.72 63.07 7.25 29.52

1995 450.04 8.14 291 0.33 286.21 63.60 7.87 30.30

2000 530.51 8.08 3.62 0.35 335.70 63.28 8.43 31.26

2010 702.50 8.70 5.51 045 456.01 64.91 9.34 33.78

2020 875.66 11.48 8.08 0.60 570.11 65.11 12.12 35.85

2030 1015.66 11.22 1132 0.65 624.99 61.54 16.10 37.69

2040 1122.59 12.37 1508 0.73 675.69 60.19 19.04 39.10

2060 1233.56 12.68 19.03  0.80 732.54 59.38 20.23 40.06

2087 1218.53 12.29 2040 0.79 716.95 58.84 21.58 40.95

Rural China

1988 766.44 17.88 484 12,18 425.69 55.54 7.16 27.54

1990 768.51 18.51 5.07 12.36 435.80 56.71 7.48 27.89

1995 778.57 18.91 5.55 11.00 446.21 57.31 8.09 28.54

2000 781.49 16.39 5.87 1311 442.83 56.66 8.48 29.31

2010 725.12 12.94 6.10 1543 42291 58.32 936 31.51

2020 654.56 12.66 6.24 13.82 385.31 58.87 11.55 33.03

2030 578.95 9.72 630 12.68 325.13 56.16 14.12 3430

2040 481.01 8.42 6.03 13.24 267.46 55.60 16.18 "35.19

2060 306.86 5.23 409 955 170.00 55.40 16.04 35.32

2087 151.02 2.68 2.04 571 83.86 55.53 15.94 35.28

China toral (Net migration)

1988 1100.84 23.58 6.78 11.93 632.43 57.45 7.10 28.03 30.38
1990 113591 25.03 727 12.08 667.52 58.77 7.40 28.42 32.34
1995 1228.61 27.05 846  10.67 732.42 59.61 8.01 29.19 36.63
2000 1312.00 24.48 949 12.76 778.53 59.34 8.46 30.10 40.44
2010 1427.61 21.64 11.61 14.98 878.93 61.57 9.35 32.63 49.21
2020 1530.22 24.14 1431 13.22 955.42 62.44 11.87 34.64 57.22
2030 1594.61 20.94 17.62 12.03 950.13 59.58 15.38 36.46 63.69
2040 1603.60 20.79 21.10 1251 943.15 58.81 18.18 37.93 70.00
2060 1540.42 1791 23.12 8.75 902.54 58.59 19.40 39.12 80.08
2087 1369.55 14.98 2244 492 800.82 58.47 20.96 40.32 88.97

Note: Projection (A) assumes that the total fertility rates of the urban and rural populations will remain unchanged as in 1987 in the whole projection period.
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Figure 4-7 Urban-rural migration ( including transition, Projection A)

for China to 2087

Rural out-migration (including rural to urban transition ) will increase from 12.18
million in 1988 to 15.43 million in 2010, decrease to 12.68 million in 2030, slightly
increase to 13.27 million in 2035, then will gradually decrease to 5.71 million in 2087.
Net rural to urban migration shows a similar trend as the niral out-migration because the
urban out-migration is relatively small.

The labour population of China will increase from 632.43 million in 1988 to 778.53
million in 2000, 962.56 million in 2025, then decrease slowly to 8(X).82 million in
2087. Its percentage of China will be relatively stable at around 59 in the projection
period 1988-2087 (figure 4-8 ). The urban population has a slightly higher labour
population percentage than rural population. The percentage of elderly population in
China will increase slowly from 7.10 in 1988 to 9.35 in 2010, then increase rapidly to
18.18 in 2040, and increase slowly to 20.96 in 2087 ( figure 4-8 ). The elderly
population percentages of the urban and rural populations show similar increasing
trends as the whole population before 2040. There will be almost no urban-rural
difference in the elderly population percentage before 2020. But the difference begins to
widen after 2020. The elderly population percentage of rural population will be less
than that of the urban population and will be stable at around 16.(K) after 2040. The
elderly population percentage of urban population will increase slowly from 18.60 in
2050 to 21.58 in 2087, similar to that of the whole population of China.

Projection (B) assumes that the total fertility rates of the urban and rural populations
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Figure 4-8 Percentage labour and elderly population ( Projection A)

for China to 2087

will decline in future, but that the total fertility rate of the urban population will have a U-
shaped trend which means that the urban and rural populations will have the same total
fertility rate of 2.2 after 2030. Table 4-6 presents the result of projection (B). For this
the total population of China will also continue to grow until 2035 ( figure 4-9 ). It will
increase to 1296.49 million in 2(KX) and reach 1519.00 million in 2035. It will decline
slowly after 2035 to 1414.70 million in 2087. The urban population will increase to
525.33 million in 2000, 1150.97 million in 2050, then increase slowly to 1262.76
million in 2087. The rural population will increase slowly to 774.28 million by 1995,
then decrease gradually to 434.97 million in 2040 and reach only 151.95 million in
2087. The trend of the urban population percentage of projection (B) is similar to if
slightly higher than that of projection (A) ( figure 4-6 ). Urban out-migration will
gradually increase from 0.25 million in 1988 to 0.83 million in 2087 ( figure 4-10 ).
Rural out-migration will increase from 12.21 million in 1988 to 15.36 million in 2010,
then decrease gradually to 10.21 million in 2040 and 4.10 million in 2087. Net rural to
urban migration shows a similar trend to the rural out-migrations.

With these projection assumptions the labour population of China will increase from
632.43 million in 1988 to 778.54 million in 2000, 935.89 million in 2020, then decline
slowly to 813.86 million in 2087. Its percentage will be relatively stable at around 60 in
the period 1988-2030 and then reduced to around 58 in the period 2030-2087 ( figure 4-

11 ). The urban population will have a higher labour population proportion than rural
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Table 4-6 Urban-rural population projection (B) for China to 2087 (millions)

Year Population Births Deaths Out-migration Labour population Labour % Elderly % Mean Age(year) Urban %
Urban China

1988 334.36 563 194 0.25 206.76 61.84 6.99 29.18

1990 367.16 6.30 2.20 0.28 231.81 63.14 7.26 29.56

1995 448.22 744 290 0.33 286.88 64.00 7.93 30.48

2000 525.33 6.97 3.60 035 - 337.41 64.23 8.56 31.68

2010 687.51 7.51 5.51 0.45 458.66 66.71 9.64 34.57

2020 851.26 11.55 8.12 0.58 561.84 66.00 12.58 36.61

2030 986.09 12.62 11.37 0.62 596.87 60.53 16.65 38.02

2040 1080.95 13.94 1495 0.69 625.42 . 57.86 19.62 38.95

2060 1188.35 15.61 18.19 0.77 668.84 56.28 19.85 38.45

2087 1262.76 17.17 18.16 0.83 727.94 57.65 18.05 37.70

Rural China

1988 766.33 17.79 4.84 12.21 425.67 55.55 7.16 27.54

1990 767.82 18.24 5.06 12.44 435.70 56.75 7.48 27.91

1995 77428 18.14 5.52 11.23 445.54 57.54 8.12 28.65

2000 771.15 15.29 5.81 13.38 441.13 57.20 8.56 29.55

2010 700.90 11.34 5.99 15.36 417.90 59.62 9.59 32.10

2020 614.36 10.08 6.04 13.08 374,05 60.88 12.14 3422

2030 528.62 739 6.12 10.81 309.64 58.58 15.34 36.15

2040 434.97 6.12 5.98 10.21 250.36 57.56 18.26 37.64

2060 280.84 3.77 440 6.38 158.86 56.56 19.56 38.56

2087 151.95 2.14 244 4.10 85.93 56.55 19.34 38.37

China total (Net migration)

1988 1100.69 23.43 6.78 11.96 632.43 57.46 7.11 28.04 30.38
1990 1134.98 24.54 7.26 12.16 667.52 58.81 7.41 28.44 32.35
1995 1222.50 25.59 8.42 10.90 732.42 59.91 8.05 29.32 36.66
2000 1296.49 22.26 9.42 13.04 778.54 60.05 8.56 30.41 40.52
2010 1388.40 18.85 11.50 1491 876.56 63.13 9.61 33.32 49.52
2020 1465.62 21.63 14.17 1249 935.89 63.86 12.40 35.61 58.08
2030 1514.71 20.00 17.49 10.19 906.51 59.85 16.19 37.37 65.10
2040 1515.93 20.06 20.93 9.52 875.78 571.77 19.23 38.58 71.31
2060 1469.19 19.38 22.59 5.62 827.69 56.34 19.79 38.47 80.88
2087 1414.70 19.32 20.60 3.27 813.86 57.53 18.19 37.77 89.26

Note: Projection (B) assumes that the total fertility rate of the urban population will gradually decline to 1.5 in 2000, remain unchanged until 2010, gradually increase to 2.2
in 2030, and then remain unchanged until 2087. The total fertility rate of the rural population is assumed to decline to 2.2 in 2020, then remain unchanged until 2087.
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Figure 4-9 Population projections (B) for China to 2087
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Figure 4-10 Urban-rural migration ( including transition, Projection B )
for China to 2087
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Figure 4-] 1 Percentage labour and elderly population ( projection B )
for China to 2087

population before 2040. The difference will be about 6.(K) percent points in the period
1988-2015. But the difference will decrease rapidly in the period 2015-2040. The urban
and rural populations will have almost same labour population percentage after 2040.
This is due mainly to the assumption of same total fertility rate of urban and rural
populations after 2030.

The percentage of the elderly population in China will increase slowly from 7.11 in
1988 to 9.61 in 2010, increase rapidly to 19.23 by 2040, then will be stable at around
19.(X) during period 2040-2087 ( figure 4-11 ). The urban-rural difference in the elderly
population percentage is small in the whole period 1988-2087. Thus the elderly
population percentage trends of the urban and rural populations are again similar to that
of the whole population of China.

Projection (C) assumes that total fertility rates of urban and rural populations will
decline in future, and that the total fertility rate of the urban population will remain at a
level lower than the replacement level. Table 4-7 presents the result of projection (C).
For this the total population of China will continue to grow until 2025 ( figure 4-12 ). It
will increase to 1296.49 million in 2000 and 1471.90 million in 2025. It will decrease
rapidly after 2025 to 951.61 million in 2087. The urban population will increase to
525.33 million in 2000, reach 1031.51 million by 2050, then decrease slowly to
848.63 million in 2087. The rural population will increase slowly to 774.28 million in

1995, then decrease gradually to 419.38 million in 2040 and 102.98 million in 2087.
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Table 4-7 Urban-rural population projection (C) for China to 2087 (millions)

Year Population Births Deaths Out-migration Labour population Labour % Elderly % Mean Age(year) Urban %
Urban Ching

1988 334.36 563 194 0.25 206.76 61.84 6.99 29.18

1990 367.16 6.30 220 0.28 231.81 63.14 7.26 29.56

1995 448.22 744 290 0.33 286.88 64.00 7.93 30.48

2000 525.33 6.97 3.60 0.35 337.41 64.23 8.56 31.68

2010 687.51 7.51 5.51 0.45 458.66 66.71 9.64 34.57

2020 84191 938 8.08 0.58 563.00 66.87 12.75 37.06

2030 949.84 8.64 1131 0.1 600.22 63.19 17.39 39.44

2040 1010.82 899 1495 0.65 618.39 61.18 21.26 41.36

2060 1006.51 8.12 1829 0.64 595.21 59.14 24.10 43.06

2087 848.63 6.66 17.17 0.54 493.56 58.16 25.84 44.10

Rural Ching

1988 766.33 17.79 4.84 12.21 425.67 55.55 7.16 27.54

1990 767.82 18.24 5.06 12.44 435.70 56.75 7.48 2791

1995 774.28 18.14 5.52 11.23 445,54 57.54 8.12 28.65

2000 771.15 15.29 5.81 13.38 441.13 57.20 8.56 29.55

2010 700.90 11.34 5.99 15.36 417.90 59.62 9.59 32.10

2020 612.44 10.05 6.03 13.41 372.89 60.89 12.14 34.23

2030 521.87 731 6.05 11.42 305.76 58.59 15.34 36.15

2040 419.38 591 5.79 11.22 24147 57.58 . 18.27 37.66

2060 243.96 3.26 3.87 7.20 138.08 56.60 19.73 38.73

2087 102.98 142 1.74 377 58.03 56.34 20.14 38.96

China total (Net migration)

1988 1100.69 23.43 6.78 11.96 632.43 57.46 7.11 28.04 30.38
1990 1134.98 24.54 7.26 12.16 667.52 58.81 7.41 28.44 32.35
1995 1222.50 25.59 8.42 10.90 732.42 59.91 8.05 29.32 36.66
2000 1296.49 22.26 9.42 13.04 778.54 60.05 8.56 30.41 40.52
2010 1388.40 18.85 11.50 1491 876.56 63.13 9.61 33.32 49.52
2020 145435 19.43 14.11 12.83 935.89 64.35 12.49 35.87 57.89
2030 1471.71 1595 17.36 10.82 905.98 61.56 16.66 38.28 64.54
2040 1430.20 1490 20.73 10.57 859.86 60.12 20.38 40.27 70.68
2060 1250.47 11.38 22.16 6.56 733.29 58.64 23.25 42.21 80.49
2087 951.61 8.08 1890 3.23 551.59 57.96 25.22 43.55 89.18

Note: Projection (C) assumes that the total fertility rate of the urban population will decline to 1.5 in 2000, then remain unchanged until 2087. The total fertility rate trend of
the rural population is assumed to be the same as in projection (B) and to decline gradually to 2.2 in 2020, then remain unchanged until 2087.
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Figure 4-12 Population projections (C) for China to 2087

The urban population percentage trend of projection (C) is again similar to those of
projections (A) and (B) ( figure 4-6 ).

Urban out-migration will increase gradually from 0.25 million in 1988 to 0.68 million
in 2050, then decrease slowly to 0.54 million in 2087 ( figure 4-13 ). Rural out-
migration will increase from 12.21 in 1988 to 15.36 million in 2010, then decrease
gradually to 11.22 million in 2040 and 3.77 million in 2087. Again net rural to urban
migration shows a similar trend to the rural out-migration.

The labour population of China will increase to 935.89 million in 2020 as was the
case in projection (B), then decline rapidly to 551.59 million by 2087. The labour
population percentage of China will be once again relatively stable at around 59 in the
projection period 1988-2087 ( figure 4-14 ). The urban population has a higher labour
population percentage than the rural population. This difference will decrease gradually
from 6.29 percent points in 1988 to 1.82 percent points in 2087.

The percentage of elderly population in China will increase slowly from 7.11 in 1988
to 9.61 in 2010, increase rapidly to 20.38 in 2040, then increase slowly to 25.22 by
2087 ( figure 4-14 ). The urban and rural populations have similar trends in the
proportion of elderly population as the whole population. The elderly population
percentage of the rural population will be relatively stable at around 18 during the period
2040-2055 and around 20 after 2055. But the urban population will have an

increasingly higher proportion of elderly population compared to the rural population
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Figure 4-13 Urban-rural migration ( including transition, Projection C )
for China to 2087
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Figure 4-14 Percentage labour and elderly population ( Projection C )
for China to 2087
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after 2020. In 2087, the elderly population percentage will be 25.84 in the urban
population and 20.14 in the rural population.

The results of projections (A), (B) and (C) can be compared in terms of the whole
population of China. Projection (A) generally projects a greater total population of
China than projection (B) and (C) (figure 4-15). Projection (B) assumes urban and rural
total fertility rates will remain at replacement level after 2030. According to projections
(A) and (B), the total population of China will continue to grow until the late 2030s,
then it will decrease slowly. Projection (C) assumes a lower urban total fertility rate
than projection (B). According to projection (C), the total population of China will
continue to grow until 2025, then it will decline rapidly to 951.61 million in 2087
which was approximately the actual total population of China in 1977 year-end ( SSB,
1991 ).

Figure 4-16 shows the projections of total births and deaths under (A), (B) and (C)
assumptions. The projections of total deaths are similar. Total deaths in China will
increase rapidly in the period 1988-2045 mainly due to the rapid ageing of population in
that period and then will be relatively stable. Total births in China will continue to
increase to a peak in 1995. There is a corresponding births' peak in late 2010s. Total
births from projections (A) and (C) show decreasing trends except for these peaks.
Total births from projection (B) will be relatively stable after 2015. The total deaths will
surpass the total births in 2040, 2035 and 2030 according to projection (A), (B) and (C)

respectively.
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Figure 4-15 Total population projections ( A, B, C ) for China to 2087
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Figure 4-16 Births and deaths projections ( A, B, C ) for China to 2087

Figure 4-17 shows the net urban-rural migration of projections (A), (B) and (C). The
general trends are similar though the magnitudes of projection (A) are greater than those
of projection (C) which themselves are still greater than those of projection (B). As
mentioned before the three projections of urban population proportions are similar
(figure 4-6).

Figure 4-18 shows the labour population projections. The labour population of China
will increase rapidly from 632.43 million in 1988 to over 935.00 million by 2020 in all
three projections. Then, after 2020 in projection (B) or 2025 in projection (A), the
labour population will decline slowly to about 8(X).(X) million by 2087. According to
projection (C), the labour population will decline rapidly to 551.59 million by 2087.
Figure 4-19 shows the similar profiles of the labour population percentages of China of
projections (A), (B) and (C).

Figure 4-19 also shows percentages of elderly population in China from projection
(A), (B) and (C). All projections show similar increasing trends before 2040.
Projection (A) and (B) generally project a lower proportion of elderly population than
projection (C).

For the purpose of comparison, table 4-8 shows the relative projection errors of the
total population of China for three years 1988, 1989 and 1990. The real population data
are based on the 1990 population census ( SSB, 1991 ). The errors are small. All are
much less than one percent, the largest being 0.145% for projection (A) in 1990.
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Figure 4-17 Net urban-rural migration ( including transition ) projections (A, B, C)
for China to 2087
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Figure 4-18 Labour population projections ( A, B, C ) for China to 2087
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Figure 4-19 Percentage labour and elderly population projections (A, B, C)
for China to 2087

Table 4-8 Relative projection errors of total population of China, 1988-1990
Year Real population Proiection (A) Proiection (B) & (C)
Population Error Population Error
(millions) (millions) % (millions) %
1988 1110.26 1109.50 -0.068 1109.19 -0.096
1989 1127.04 1127.03 -0.001 1126.34 -0.062
1990 1143.33 1144.99 0.145 1143.73 0.035

Data source: Real population data from SSB (1991).
Note: Ail data refer to year-end.

Table 4-9 compares the results of population projections (A), (B) and (C) with the
United Nations' medium variant projections ( United Nations, 1991 ). It seems that the
total population projection results of projection (B) are closest to the United Nations'
figures.

As mentioned earlier, the urban population proportions of projections (A), (B) and
(C) are similar. An urban-rural growth differences method is used to project the urban
population proportions in the United Nations' projections by assuming different growth
rates of urban and rural populations for each country ( United Nations, 1989 ). Despite
the entirely different projection methods, the urban population proportion projection
results of projection (B) in this research, though a little smaller, are close to and

confirm the United Nations' medium variant projections.



Table 4-9 Comparison of projection results ( A, B and C) with the United
Nations' medium variant projections for China

Year Total population (millions) Urban (%)
UN A B C UN B

1990 1139.06 1144.99 1143.73 1143.73 334 32.84
1995 1222.56 1237.70 1230.80 1230.80 40.8 37.02
2000 1299.18 1319.06 1302.47 1302.47 47.3 40.92
2010 1395.33 1432.65 1392.12 1392.03 56.1 50.00
2020 1476.85 1534.92 1469.20 1456.75 62.8 58.49
2025 1512.59 1574.22 1499.22 1472.59 65.8 62.11

Data source: UN projections from the United Nations (1991)
Note: All data refer to year-end

4.5 Simulation of the effect of urbanization on population growth
This section attempts to assess the interaction between urbanization and population
growth on the basis of the urban-rural population model in section 4.3.

According to classical demographic transition theory, the mortality and fertility of a
population will decline from high to low levels as a result of socio-economic
development. Population will grow slowly or be stable at the initial and final stages of
the demographic transition. There is a stage of rapid population growth because the
mortality rate declines earlier than the fertility rate. It is clear that the demographic
transition is closely associated with economic development, industrialization,
urbanization and social modernization ( Woods, 1982 ). Many studies have been
attempted to reveal the causes and underlying mechanism of the demographic transition
especially the decline of fertility ( Eberstadt, 1981 ).

Urbanization is an integrated socio-economic process. There is no doubt that
urbanization has significant effects on fertility, mortality and population growth. It is
often believed that government intervention is the main cause of the dramatic decline of
fertility in China ( Wolf, 1986; Peng, 1991 ). But the effect of urbanization on
population growth is also clear. The fertility rate declines faster and earlier in urban
areas than in rural areas. The urban-rural difference in the fertility rate is significant
though fertility rates in both areas have been experiencing decline since the early 1970s.

The urban-rural population model in section 4.3 provides an opportunity to examine
the interaction between urbanization and population growth in the future China and thus
make a quantitative evaluation of the effects of urbanization on population growth. The
essence of the approach is to compare the simulation results of the urban-rural
population model with or without urban-rural migration and transition. This kind of
dynamic system simulation has a significant advantage over simple static comparison in
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that the dynamic interactions of system components are taken into account. For
example, a static comparison is unable to reveal the accumulative consequence of the
effect of urbanization on population growth that can be found in the following.

As mentioned above, many factors affect population growth and have different
significance in different times, regions and situations. There are also many interactions
among factors. The influence of urbanization on population growth may be divided into
a direct and an indirect effect. The direct effect is the result of the urban-rural population
migration and transition as the urban and rural populations are subject to different
fertility and mortality rates. The indirect effect results from the changes of other factors
such as overall economic development in the urban and rural areas caused by
urbanization. This section aims to estimate the direct effect of urbanization on
population growth, i.e., the effect of urban-rural migration and transition on population
growth.

In the previous section, three population projections (A), (B) and (C) have been made
which take into account urban-rural population migration and transition. Three sets of
simulations corresponding to projections (A), (B) and (C) have been carried out
assuming no urban-rural migration and transition to estimate the effect of urbanization
on the future population growth of China. They are called sets (A), (B) and (C)
corresponding to three sets of the total fertility rate assumptions in projections (A), (B)
and (C).

The relative effect of urbanization on population growth is defined as the difference
between the projection and simulation results divided by the projection result. Table 4-
10 shows the results of estimated effects of urbanization on total population and births
in future China.

It seems clear that there are significant effects of urbanization on population growth.
According to set (A), the relative effect of urbanization on total population is 0.84% in
2000, 10.93% in 2040 and 55.16% by 2087. The relative effect of urbanization on
births is 6.29% in 2000, 39.39% in 2040 and 135.45% by 2087. It is also clear that the
effect of urbanization on population growth is accumulative. If there was no urban-
rural migration and transition, total population of China will be only 0.84% more than
the normal projection in 2000, but it will be 55.16% more than the normal projection in
2087.

The extent of the effect of urbanization on future population growth depends on the
extent of future urban-rural differences in the total fertility rate. The effects of
" urbanization in set (B) are much smaller than those in sets (A) and (C) as it is assumed
that there will be no urban-rural difference in total fertility rate after 2030. According to
set (B), the relative effect of urbanization on total population is 0.91% in 2000, 5.70%
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Table 4-10  Urbanization effect on total population and births
in China to 2087 (millions)

Year Projection Simulation Relative effect (%)
Population  Births Population  Births Population  Births
Set (A)
2000 1312.00 24.48 132296 26.02 0.84 6.29
2020 1530.22 24.14 1591.13 28.72 398 18.97
2040 1603.60 20.79 1778.93 28.98 10.93 39.39
2060 1540.42 17.91 1912.84 30.64 24.18 71.08
2087  1369.55 14.98 2125.03 35.27 55.16 135.45
Set (B)
2000 1296.49 22.26 1308.34 23.97 091 7.68
2020 1465.62 21.63 1516.34 23.92 3.46 10.59
2040 151593 20.06 1602.41 22.24 5.70 10.87
2060 1469.19 19.38 1586.22 21.33 7.97 10.06
2087 1414.70 19.32 1542.80 21.10 9.05 9.21
Set (O)
2000 1296.49 22.26 1308.34 23.97 091 7.68
2020 1454.35 19.43 1511.79 23.10 3.95 18.89
2040 1430.20 14.90 1574.30 20.68 10.08 38.79
2060 1250.47 11.38 1521.32 19.20 21.66 68.72
2087 951.61 8.08 1417.82 18.39 48.99 127.60

in 2040 and 9.05% by 2087. The relative effect of urbanization on births is 7.68% in
2000, 10.87% in 2040 and 9.21% by 2087.

The extent of the effect of urbanization on future population growth in set (C) is
similar to set (A) as the urban-rural difference in the total fertility rate is assumed to
exist over the whole projection period. According to set (C), the relative effect of
urbanization on total population is 0.91% in 2000, 10.08% in 2040 and 48.99% by
2087. The relative effect of urbanization on births is 7.68% in 2000, 38.79% in 2040 .
and 127.60% by 2087.

4.6 Conclusion

An accounts-based urban-rural population model has been developed in this chapter.
The urban-rural population migration and transition in this model is driven by a demo-
economic model of urban and rural sectors. The demo-economic model is tested against
agricultural and non-agricultural employment data in period 1979-1988 and urban and
rural employment data in period 1979-1987. It was found that the general trend of
urban-rural migration and transition is captured by the demo-economic model using
average increase rates of productivity and income elasticity of consumption in the
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period. The total of projected urban-rural net labour migration and transition in the
period 1979-1987 is close to the total of real net urban-rural labour migration and
transition.

Three urban-rural population projections (A), (B) and (C) are made assuming
different trends of urban and rural total fertility rates. The projection error of total
population for the period 1988-1990 is small. It was found that the projections of total
population and the urban population proportion are comparable with the United
Nations' projections in the period 1990-2025 though different models are used.

Some major features of the anticipated urban-rural population growth in period 1988-
2087 are revealed. According to projection (A) which assumes unchanged fertility
rates, the total population of China will increase to 1603.60 million in 2040, then
decline to 1369.55 million by 2087. According to projection (B) which assumes a U
shaped trend in urban fertility rates and declining rural fertility rates before 2020, the
total population of China will increase to 1519.00 million in 2035, then decline to
1414.70 million by 2087. According to projection (C) which assumes declining urban
fertility rates reaching levels lower than replacement and declining rural fertility rates
before 2020, the total population of China will increase to 1471.90 million in 2025,
then decline to 951.61 million by 2087.

In summary, two major phases of future population growth of China can be identified
with a division in the late 2030s. In the first phase before the late 2030s, the total
population will continue to grow in most years. The urban population will increase
rapidly from 334 million in 1988 to over 1000 million in 2040. The urban population
proportion will increase from 30.38% in 1988 to about 70% in 2040. Total deaths will
increase steadily in this phase. Net rural to urban migration and transition will be
relatively large. The labour population will increase rapidly especially before 2020. The
proportion of elderly population will increase at first slowly before 2010, then rapidly
after 2010.

During this period, China will face three main challenges. The first is the rapid
increase of its urban population. Its urban population will triple in about 50 years and
reach about 1000 million in 2040. The second is the rapid expansion of its labour
force. The total labour force will increase rapidly before 2020. China already faces
problems of labour force surplus and capital shortage. It seems that these problems will
become more severe in the next three decades. The third challenge is the rapid ageing of
its population during the period 2010-2040. The proportion of elderly population will
increase rapidly from 7% in 1988 to over 18% in 2040. It is clear that great efforts are
needed to coordinate urbanization and socio-economic developments to face these
challenges.
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In the second phase after late 2030s, the total population of China may begin to
decline. Total deaths will be relatively stable and will be greater than total births. Net
rural to urban migration and transition will be relatively small and decreasing. The
labour population will begin to decline. The proportion of elderly population will be
relatively stable or increase only slowly.

The urban-rural population projection results depend on the assumptions used. Three
sets of fertility assumptions have been used to show the effect of fertility trends on
urban-rural population growth. However, urban-rural population growth is also
sensitive to the parameters in the demo-economic model. Four main parameters of the
demo-economic model are the annual growth rates of productivity in agricultural and
non-agricultural sectors and income elasticity of consumption of agricultural and non-
agricultural products. The averages of these parameters in the period 1979-1988 have
been used for the whole projection period. The future proportion of urban population is
sensitive to these parameters. Thus alternative simulations of urbanization in China are
carried out assuming various trends of productivity growth rates. The results are
presented in appendix B.

The urban-rural population model has also been used to simulate the significant effect
of urbanization on future population growth in China. The extent of the effect of
urbanization on future population growth is cumulative and depends in large measure
on the extent of future urban-rural differentials in fertility. According to set (A), the
relative effect of urbanization on total population is 0.84% in 2000, 10.93% in 2040
and 55.16% in 2087. The relative effect of urbanization on births is 6.29% in 2000,
39.39% in 2040 and 135.45% in 2087. According to set (B), the relative effect of
urbanization on total population is 0.91% in 2000, 5.70% in 2040 and 9.05% in 2087.
The relative effect of urbanization on births is 7.68% in 2000, 10.87% in 2040 and
9.21% in 2087.

Chapters two to three concern the population dynamics at the urban-rural level. The
spatial population dynamics at a provincial level will be examined in the next four
chapters. There are significant differentials in regional population dynamics among
provincial regions in China. Multiregional population projections ( provincial level )
will be made in such a way that national totals are consistent with those of urban-rural
population projections. The regional patterns of population dynamics will be revealed
and their totals will be consistent with national trends.
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5
Spatial population dynamics

5.1 Multiregional population systems: theory and empirical studies
The urban-rural population system which was dealt with in chapter two to chapter four
is a specific example of a multiregional population system. The mechanism of the urban-
rural population system and the underlying forces determining its dynamics are
relatively clear. A more general multiregional population system will be dealt with in
chapter five to chapter eight. This multiregional population system consists of the
provincial populations of China. The mechanism of this multiregional population
system and the underlying forces determining its dynamiés are much more complex.
More difficulties will be faced with regard to the availability of systematic data, the
behaviour of multiregional migrations and the modelling itself of the multiregional
population system.

This section discusses multiregional population systems in general to provide a
contextual basis of the empirical analysis in the rest of the thesis. It also briefly reviews
studies on spatial population changes and projections.

A multiregional population system can be defined as a system consisting of a group
of interacting regional populations. The regional populations are interrelated via internal
population migrations. The population of a region may be disaggregated by age, sex,
marital status, education, employment status and occupation amongst other features.
The whole population system will become more complex when more dimensions are
considered. In most studies of multiregional population modelling to date, a regional
population is only disaggregated by age and sex.

The basic objectives of the study of a multiregional population system are to
understand the mechanism of the multiregional population system evolution, to reveal
trends in population redistribution, and to make consistent multiregional population
projections for the future.

Assume a closed multiregional population system in that there is no external
migration, then the evolution of the system is completely determined by its initial state
and its schedules of fertility, mortality and internal migration. See section 3.1 for a brief
review of the state of the art of multiregional population modelling. There are
remarkably persistent regularities in age-specific fertility rates, mortality rates and
migration rates ( Rogers, 1984 ). It is convenient to separate the level of a component
of change from its distribution across the ages ( Rees, 1989 ). For example, population
fertility may be expressed by the total fertility rate and by the normal age-specific
fertility schedule. Population mortality may be expressed by the life expectation and by
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the normal age-specific mortality rate schedule. It is noted that regional birth rates,
death rates, gross out-migration and gross in-migration are determined by the age
composition, fertility rate, mortality rate and migration rate of the regional population
concemned.

It seems that the evolution of a multiregional population system is determined by the
system itself and the environment of the system --- namely, the social, political,
economic and ecological systems. These factors may affect the demographic parameters
of the multiregional population system especially the levels of components of change
such as the total fertility rate, life expectation, gross out-migration and gross in-
migration. The spatial variation of a multiregional population system is of great interest
to population geography ( Hu and Zhang, 1984 ). The regional difference in the
population dynamics of various regions may be explained by population conditions and
by the social, political, economic and ecological conditions in various regions. The
study of the spatial variation in a multiregional population system is necessary to
understand and explain the state and the evolution of such a system. The empirical
analysis in subsequent sections and chapters is developed on the basis of this idea.

A brief review of studies of spatial population changes and projections in the world
and in China in particular will be constructed first in what follows. The United Nations
has published a series of world population surveys about the past trends and
projections of populations of the main countries and regions in the world ( United
Nations, 1991 ). According to recent estimates, the population of more developed
regions increased by 45% between 1950 and 1990, while the population of the less
developed regions increased by 143% in the same period. According to the medium-
variant projections, it is expected that the population of more developed regions will
increase by 12% between 1990 and 2025, while the population of the less developed
regions will increase by 75% in the same period. With regard to the economic
consequence$ of such change in the third world, Kelley (1988) concluded that
economic growth in many developing countries would have been more rapid in an
environment of slower population growth, although in a number of countries the impact
of population on development was probably negligible and in some it may have been
positive. Population's adverse impact has more likely occurred where arable land and
water are particularly scarce. In the case of China, a large amount of human and
financial resources has been used to increase grain output to feed the ever growing
population since 1949. These resources would have been used in other development
projects if the population growth had not been so massive in China. This is the basic
rational for the strict family planning programme which has been implemented in China
since the early 1970s.
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A number of studies of spatial population changes and projections have been made
for various countries and regions. A comparative study of spatial population dynamics
of IIASA nations was made using the techniques of multiregional mathematical
demography ( Rogers and Willekens, 1986 ). These IIASA ( The International Institute
for Applied Systems Analysis ) nations include Austria, Bulgaria, Canada, FRG,
Finland, France, former GDR, Hungary, Italy, Japan, Netherlands, Poland, former
Soviet Union, Sweden, UK and USA. These nations have low levels of fertility.
During the 1960-1980 period IIASA nations entered a period of transition to zero
growth. Seventeen national multiregional population projections were made for years
2000 and 2030 with a same computer program. No international migration is assumed
in these projections. The results are reasonably close to the United Nations' projections
for the year 2000 except for Canada, UK and USA. IIASA used 1970 as the reference
year which lead to the adoption of a high fertility level. By 1980, it already declined by
over 25% in UK and USA. The use of the higher fertility levels raised the projected
population totals.

Multiregional demographic models were termed ' transparent ' models by Rogers and
Woodward ( 1991 ) and were used to assess state population projections made by the
Bureau of the Census of the United States using a so-called ' black box ' model. The
multiregional and the Census Bureau's projections produced a close projection that the
population of USA is likely to be close to 267 million by the year 2000 and growing at
an annual rate of less than 0.5 percent. The two projections differ in the spatial
allocation of the projected national population totals. The net migration-based
projections used by most State Demographers are likely to overproject the populations
of states gaining net migrants and underproject the projections of states losing net
migrants. It is argued that two innovations, multistate mathematical demography and
parametric functional description of age-specific schedules are most useful for
producing conceptually simple and operationally transparent population projections.

Plane ( 1992 ) decomposed age-specific interregional migration flows in USA into
population base, mobility, and geographic distribution effects and found that age-
composition change was a principal factor underlying the extraordinary acceleration of
interregional population deconcentration in the USA in the 1970s. During the 1970s,
the large baby-boom generation came of age, and the net out-flow of population from
the Northwest and Midwest regions to the south and west regions increased
precipitously. A spatial shift-share decomposition model was used to explore the ways
that age-composition has influenced such regional trends. It is demonstrated that the
larger cohorts of the baby boom generation provided a basis for the 1970's migration
shifts, but the geography of the baby boom itself does not provide a sufficient
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explanation. Notable changes in age-specific mobility are also found and may help to
explain the slowing of movement out of the south. However, the most interesting
finding is that the largest contribution of age-composition change is the geographic
distribution effect. The differential ability of regional economies to absorb new entrants
seems to serve as the triggering mechanism for the population deconcentration in the
USA in the 1970s. |

Champion et al. ( 1987 ) made a detailed analysis of spatial changes in Britain in
demographic as well as in social and economic dimensions using a functional regions
framework. They found that relatively few places in Britain have experienced little or
no change in their population size despite the fact that virtually zero growth in the
national population was recorded for the period 1971-1981. The most consistent
features are that the population in smaller places grew faster than in large ones and the
population in the places of comparable size and status grew faster in the South than in
the North. The most interesting features of population redistribution over this period are
the small extent of areas from which the majority of ' net migrants ' were drawn -
essentially the built-up areas of six major cities - and the very broad spread of the
destination areas, going far beyond the suburban ring and going into relatively remote
and rural localities. These massive shifts have important implications for regional
balance, regional policy and strategic land-use planning ranging from inner city decay
to pressurized rural areas.

Many studies have been carried out on China's population. Most studies have
concentrated on the national population as a whole ( Feeney, Zhou and Xiao, 1989;
Yang, 1991; Coale, 1984; Jiang and Lan, 1987 ). Hu and his groups carried out
research on the recent regional population distribution of China and its relationship to
economic development. Hu identified the major features of population distribution by a
three level regionalization of China ( Hu, 1986; Hu and Wu, 1988 ). Firstly, China was
divided into Eastern and Western parts with a significant difference in population
density. Secondly, regional demo-economic analysis related to economic development
was carried out using a division of three economic zones put forward by the State
Planning Commission of China. Thirdly, China was divided into eight demographic
regions according to natural and demo-economic conditions. The prospects for
population and economic development in the different regions and zones were
discussed in this research. Regional case studies were also made in Hu et al. ( 1989 ).
Peng ( 1991 ) undertook an analysis of the fertility transition for China as a whole and
for each of its 28 provinces except Tibet since 1950s. He examined the provincial
patterns in the timing and pace of fertility transition. China's fertility transition is a
process of diffusion. Sustained fertility decline started in a few large municipalities and
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some eastern provinces, with Shanghai leading the way. They were then followed by
the northern provinces and the transition gradually spread to the interior provinces of
China. The implications of these fertility trends on the regional population distribution
in future will be revealed by the multiregional population projection in this research.

Studies of internal migration in China are few due mainly to lack of migration data at
least until recently. The population migration flow has greatly increased with the
economic reform and development since 1978. Many people especially farmers leave
their local districts and seek employments in other regions. It has been reported that the
size of the population flow amounted to 50 millions in early 1989. This substantial flow
constitutes a great pressure on the social-economic and transportation systems in the
relevant regions especially in large urban areas. The government is concerned about this
problem. Much research effort has been expended in this field (Tien and Zhang,
1989). It is recognized that the western part of China is rich in many kinds of natural
resources but is sparse in population. The possibility of migration from the east of
China to the west has received much attention. However, there are severe
disagreements on this matter (Hu et al., 1989). Yang has estimated aggregated
interprovincial migrations under the assumption of equal natural increase rates among
provinces ( Yang, 1989 ).

A number of population projections have been made for China. Most of them are for
China as a whole or for specific regions ( Jiang and Lan, 1987; Shen, 1987a ). Zeng
and Vaupel ( 1989 ) used a multiregional ( urban-rural ) population model to study the
impact of urbanization and delayed childbearing on population growth and ageing in
China. Their model did consider urban-rural population migration. However, it seems
that the various demographic rates used in the model were not consistently estimated
using an accounts-based model.

At the moment, there is no consistent multiregional population model for provincial
populations of China. One major aim of this research is to construct such an operational
accounts-based multiregional population model and make consistent multiregional
population projections of China.

The rest of this chapter will systematically study the regional trends in birth, death and
migration rates, and population density since 1950s. Section 5.2 will analyze the spatial
variation of China's population at provincial level using the 1987 one percent
population sampling data and 1990 census data ( DPS, 1988a; SSB, 1990a; 1990b ).

Section 5.3 to 5.6 attempt to carry out an analysis of the trends in regional population
dynamics in the period 1954-1990 in China. The spatial population distribution and the
dynamics of change are the main topics in spatial demography and population
geography. An empirical analysis of this problem in terms of the past evolution of
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population over space will have many implications for the projection of future trends.

Here an attempt is made to answer three basic questions with regard to the trend and
stability of the population distribution in the period 1954-1990 in China. Firstly, what
are the trends of spatial variation in the population birth rate, death rate, migration rate
and population density? Secondly, are the spatial patterns of these population features
stable or unstable over time? Thirdly, what are the typical spatial patterns of the
population birth rate, death rate, natural increase rate, migration rate and population
density if their spatial patterns are stable? Some well known statistical measures and
approaches are used in the analysis which follows. Coefficients of variation are
calculated for various spatial series to answer the first question. The spatial variation of
a population indicator is increasing if its coefficient of variation increases and vice
versa. Correlation matrices of spatial series are calculated for each population indicator
and typical spatial patterns in terms of factor scores are extracted using a factor analysis
approach to answer the second and third questions. If the spatial series of a population
indicator in various years are significantly and positively correlated and there is only
one dominant factor, then its spatial pattern must be stable. If the spatial series of a
population indicator in different time périods are significantly but negatively correlated,
then its spatial pattern must have been reversed in the period. If a number of factors are
extracted and each of them is correlated with the spatial series of the population
indicator in specific periods, then the spatial pattern of the population indicator may
have undergone some gradual change from one pattern to another as described by the
factors.

Spatial series of regional population birth rate, death rate, in-migration rate, out-
migration rate, net migration rate and population density are analyzed in this chapter as
they are directly related to the understanding of spatial population dynamics and the
evolution of population distributions. :

All population data are from Department of Population Statistics (DPS, 1988a,
1988b), State Statistical Bureau ( SSB, 1989, 1990a ) and Hu and Zhang ( 1984 ).
With regard to the population birth rate and death rate, spatial series in 1954, 1957,
1965, 1972, 1978, 1981, 1986, 1988, 1990 are used. With regard to the in-migration
rate, out-migration rate and net migration rate, spatial series in 1955, 1960, 1965,
1975, 1980, 1985, 1987 are used. With regard to population density, spatial series in
1957, 1965, 1970, 1975, 1980, 1985, 1990 are used.

The trends of regional birth, death, and migration rates are analyzed in section 5.3 to
5.5 respectively. The trend and stability of population distribution in terms of
population density are analyzed in section 5.6. The major findings are summarized in
section 5.7.
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5.2 Spatial variation of China's population
This section will make a systematic analysis of the spatial variation of China's
population at the provincial level using a series of indicators from the 1987 one percent
population sample survey and the 1990 census ( DPS, 1988a; SSB, 1990a; 1990b ).
There are 31 provincial regions including three municipalities, five autonomous regions
and arguably Taiwan in China as shown in figure 5-1. Taiwan is not included in this
research. Hainan province which was founded in 1988 is included in Guangdong
province as its data before 1988 are not available. Therefore, the spatial analysis is
carried out on the basis of 29 provincial regions. These regions were divided into three
economic zones, namely, the east, middle and west by the Chinese government in 1986
(Hu et al., 1989 ) as shown in figure 5-2. This division roughly reflects the differences
over space in the levels of economic development in China. The eastern economic zone
includes twelve more developed coastal provinces from north to south as follows:
Liaoning, Hebei, Beijing, Tianjin, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian,
Guangdong, Hainan and Guangxi. This eastern economic zone is given priority of
development, construction, economic reform and international co-operation by the
government. The middle economic zone includes nine less developed regions which are
as follows: Heilongjiang, Jilin, Inner Mongolia, Shanxi, Henan, Anhui, Hubei, Jiangxi
and Hunan. The western economic zone includes the nine least developed regions
which comprise the following: Shaanxi, Ningxia, Gansu, Sichuan, Guizhou, Yunnan,
Qinghai, Tibet and Xinjiang. Shen ( 1987b ) has proposed a division into four
economic zones, namely, east, north, middle, and the economic zone of Tibet on the
basis of a detailed analysis of 22 demographic and economic indicators using an
optimal partitioning method. It is argued that this division may reflect the reality of the
China's space economy more realistically. Economic regionalization of China has been
further discussed in Zhang and Shen ( 1991 ).

Fifteen demographic indicators will be used here to display the spatial variation of
China's population in various dimensions. These indicators are defined as follows:
X1 population density in 1990, persons per km?2;
X2 population proportion of national minorities in 1987, %;
X3 proportion of elderly population (aged 65+) in 1987, %;
X4 average household scale in 1987, persons per household;
X5 proportion of urban population in 1990, %;
X6 proportion of agricultural employees in 1987, %;
X7 proportion of illiterate and semi-illiterate population (aged 15+) in 1990, %;
X8 birth rate in 1990, %, ( one per thousand );

127



Hcilongji

Jilin
Ningxia Beijin
Xinjiang
Gansu Tianjin
Qinghai
. Shanghai
Sichuan Hubei
Yunnan f] Taiwan
GpEflgdong
Hainan

Figure 5-1  Provincial regions of China

Eastern Economic Zone

j Middle Economic Zone

Western Economic Zone

Figure 5-2  Three Economic zones of China

128



X9 death rate in 1990, %,;

x10  natural increase rate in 1990, %,,;

X131  inter-provincial in-migration rate in 1987, %;

X12  inter-provincial out-migration rate in 1987, %,;

x13  inter-provincial net migration rate in 1987, %.;

X14  population growth rate 1982-1990, %;

x15  population density change 1982-1990, persons per km2.

Indicator x is population density. Indicators x2, x3, X5, X¢ and x7 are used to
describe population composition. Urban population is based on the official 1990 census
definition. Indicator x4 is average household scale. Indicators xg, x9 and xjo are used
to describe natural population change. Indicators x11, X12 and x33 are used to describe
the migration component of population change. Indicators x4 and x5 are used to
describe the population change between two censuses in 1982 and 1990.

The extent of regional variation is different for different demographic indicators. The
well known coefficient of variation is used to measure the spatial variation of various
demographic indicators. Table 5-1 presents the coefficients of variation of these
indicators except the inter-provincial net migration rate in 1987. It is noted that the
coefficient of variation of inter-provincial net migration rate is not defined if external
migration is negligible. The coefficients of variation of population proportion of
national minorities in 1987, population density in 1990, population density change

Table 5-1 Coefficients of variation of demographic indicators (%)
Indicator Coefficient
of variation
X2 population proportion of national minorities in 1987 154
X1 population density in 1990 124
x15  population density change 1982-1990 112
X11 inter-provincial in-migration rate in 1987 109
X5 proportion of urban population in 1990 54
x12  inter-provincial out-migration rate in 1987 50
X7 proportion of illiterate and semi-illiterate population in 1990 46
X6 proportion of agricultural employees in 1987 31
X10  natural increase rate in 1990 26
X3 proportion of elderly population in 1987 22
X14  population growth rate 1982-1990 22
Xg birth rate in 1990 19
X9 death rate in 1990 13
X4 average household scale in 1987 12
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1982-1990 and inter-provincial in-migration rate in 1987 are over 100%. These four
indicators have substantial variation over space. The coefficients of variation of
proportion of urban population in 1990, inter-provincial out-migration rate in 1987,
proportion of illiterate and semi-illiterate population in 1990 and proportion of
agricultural employees in 1987 range from 31% to 54%. These four indicators have
moderate spatial variation. The coefficients of variation of natural increase rate in 1990,
proportion of elderly population in 1987, population growth rate 1982-1990, birth rate
in 1990, death rate in 1990 and average household scale in 1987 range from 12% to
26%. These six indicators have much less spatial variation than other indicators.
However, this does not mean that their spatial variation is not important.

The demographic characteristics of the eastern, middle and western economic zones
and the differences between them will be discussed first. Then the spatial variation of
various demographic indicators at the provincial level will be examined using a series of
maps. Table 5-2 presents the demographic indicators and intra-zonal coefficients of
variation of three economic zones in China. Basic demographic characteristics of these
zones can be readily identified.

Table 5-2 Demographic indicators and intra-zonal coefficients of variation of
eastern, middle and western economic zones in China

D hicind Cocltici fFyarat
Eastern Middle Western Eastern Middle Western

Population density 559 237 88 95 66 88
National minorities % 7 5 36 189 130 88
Proportion of elderly 6 5 4 15 16 16
Average household scale 4.1 43 4.8 13 5 10
Urban population % 38 28 22 56 41 28
Agricultural employees % 53 70 80 46 16 12
Illiterate and semi-illiterate % 13 15 24 27 30 38
Birth rate : 18 22 23 22 13 11
Death rate 5.8 6.2 6.9 6 9 17
Natural increase rate 12 16 17 34 16 - 15
In-migration rate 2.8 13 1.5 113 43 70
Out-migration rate 1.4 1.5 22 38 44 51
Net migration rate 14 -0.3 -0.7 206 247 194
Population growth rate 14 12 14 23 19 22
Population density change 61 28 12 85 72 94

The eastern economic zone is the most densely populated, most urbanized and
industrialized. This zone has a moderate proportion of national minority population
(7%), but the highest proportion of elderly population. The eastern economic zone also
has the smallest household scale, the lowest birth, death and natural increase rates.
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However, the eastern economic zone had the greatest absolute increase in population
density in the period 1982-1990 due to its already high level of population density. As
mentioned before, the spatial variation of the population density is much greater than
the spatial variation of the population growth rate. Thus the population density is the
decisive factor in determining the absolute change in population density. Despite its
low natural increase rate, this zone also had a high population growth rate of 14% in the
period 1982-1990 due to its substantial net in-migration. This high growth rate is
almost comparable with the western economic zone which has the highest natural
increase rate.

The middle economic zone is moderately populated with a population density of 237
persons per km2 in 1990, less than half of the population density in the eastern
economic zone. Its levels of urbanization and industrialization are much lower than
those in the eastern zone. The proportion of urban population was 28% in the middle
zone compared with 38% in the eastern zone. About 70% of its labour force were still
employed in the agricultural sector. In the eastern zone, a substantial proportion of the
labour force has shifted to non-agricultural sectors. Only 53% of the labour force in the
eastern zone remains in the agricultural sector.

The middle economic zone has the lowest proportion of national minority population
of 5%. Its proportion of elderly population is slightly lower than that of the eastern
zone while its average household scale and the proportion of illiterate and semi-illiterate
population are slightly greater. The birth, death and natural increase rates in the middle
zone are higher than in the eastern zone but lower than in the western zone. However,
the middle economic zone had the least population increase of 12% in the period 1982-
1990 probably due to its significant net out-migration.

The western economic zone is sparsely populated. It had the smallest population
density of 88 persons per km2 in 1990. Most national minority population reside in this
zone and account for 36% of the total population there. Other demographic indicators
show its position as the least developed economic zone in China. It has the lowest
levels of urbanization and industrialization, the highest proportion of illiterate and semi-
illiterate population, the highest birth, death and natural increase rates. Its average
household scale is the largest but its proportion of elderly population is the lowest due
to the presence of the highest natural increase rate among three economic zones. The
western zone had a high population growth rate of 14% in the period 1982-1990
though there were net out-migrations. However, this zone had the smallest absolute
population density increase of 12 persons per km? in the period 1982-1990 due to its
lowest level of population density.

In summary, the picture of the spatial variation among three economic zones and their
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demographic characteristics is quite clear. The distributions of the total population and
the national minority population are two fundamental features in China. They reflect the
vital effects of natural conditions on the growth and distribution of human populations.
The eastern economic zone is rich in agricultural resources and has been able to sustain
a high level of population density. The distribution of national minority population is
the result of historical evolution. The national minority population in the western part of
China may have been subjected to less influence of the mainstream culture in the eastern
and middle parts of China and are able to maintain their own identities.

The spatial variations of other demographic indicators are related with the difference
in the levels of economic development. The eastern economic zone is the most
developed zone in China. Thus its urbanization and industrialization levels are the
highest. Its population has good education but low mortality rate. Its birth and natural
increase rates are low. Thus its proportion of elderly population is relatively high and
the average household scale is small. The situation is reversed in the western economic
zone. The middle economic zone has exactly the middle situation between the eastern
and western zones. One important exception is that the eastern zone has net in-
migrations while the other two zones have net out-migrations.

There are also significant intra-zonal differentials among three economic zones.
Population density, population proportion of national minorities, inter-provincial in-
migration and net migration rates, and population density change have greater intra-
zonal spatial variation than other demographic indicators. Their coefficients of variation
are over 50% as are shown in table 5-2. Nine out of fifteen demographic indicators
have the largest intra-zonal coefficients of variation in the eastern zone indicating the
significant differentials among its twelve relatively developed regions. These
demographic indicators include population density, population proportion of national
minorities, average household scale, proportion of urban population, proportion of
agricultural employees, birth rate, natural increase rate, inter-provincial net migration
rate and population growth rate. The intra-zonal differentials in the level of
industrialization, population proportion of national minorities, average household scale,
birth rate and natural increase rate are much more significant in the eastern economic
zone than in the middle and western zones. The coefficient of variation of the
proportion of agricultural employees is 46% in the eastern zone while it is only 16% in
the middle zone and 12% in the western zone. The coefficient of variation of birth rate
is 22 % in the eastern zone while it is only 13% in the middle zone and 11% in the
western zone. This means that some regions in the eastern economic zone still have
relatively high fertility rates and much efforts are needed to implement family planning
there.
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The eastern economic zone does have the smallest intra-zonal coefficient of variation
for death rate (6%). In the middle and western zones, the coefficients of variation are
9% and 17% respectively. The eastern zone has been relatively successful in reducing
its mortality rate uniformly. Many cities with the most advanced science and
technolodge are located in the eastern zone. It is obvious that many regions in this zone
have benefited from their easy access to these cities. The western economic zone has
been less successful in reducing its mortality rate uniformly in its member regions.
Great efforts are needed to improve the medical system and health services in those
regions with high mortality rates.

The above discussion about intra-zonal variation is quite general. Detailed regional
variation of various indicators will be considered in map form in the following. These
maps are shown in figure 5-3(a)-(0). All demographic indicators are divided into five
equal intervals except that population density in 1990, in-migration rate, out-migration
rate, net migration rate in 1987 and population density change 1982-1990 are divided
such that each interval includes equal number of regions. For this group of variables,
the last interval only includes five regions as there are only 29 regions to be divided into
five groups.

Figure 5-3 (a) shows the spatial variation of population density in 1990. Six regions,
namely, Heilongjiang, Inner Mongolia, Gansu, Xinjiang, Qinghai and Tibet in the
northern and north-western parts of China have a population density below 84 persons
per km2 while five regions, namely, Beijing, Tianjin, Shandong, Jiangsu and Shanghai
in the eastern part of China have a population density over 526 persons per km2. The
difference of population density between the north-west part and the south-east part of
China is clear. This characteristic of population distribution in China was recognized by
Hu in 1935 ( Hu, 1935; 1986 ). It is noted that there are significant intra-zonal variation
in population density in three economic zones. In the eastern economic zone, Guangxi
has the least population density which is even less than Sichuan in the western
economic zone.

Figure 5-3 (b) shows that the eight regions with a population proportion of national
minorities over 20% are in the sparsely populated north-western and south-western
parts of China. Most are located in the middle and western economic zones. Only
Xinjiang and Tibet have an impressive population proportion of national minorities over
60%. Note that Guangxi in the eastern zone also has a proportion of national minorities
over 40%.

Figure 5-3 (c) shows that the proportion of the elderly population is relatively low in
the north-western part of China and is relatively high in the eastern part of China. This
character confirms that demographic transition process started in some eastern
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municipalities and provinces which has then spread to the interior provinces of China
(Peng, 1991).

Figure 5-3 (d) shows that Liaoning, Beijing, Tianjin, Shanghai, Jiangsu and
Zhejiang in the eastern part of China have average household scales under 3.9 persons
per household while Tibet and Qinghai in the west a much larger household scale is the
norm ( 5.2 persons per household and over ). Note that Guangxi and Fujian in the
eastern zone also have a relatively large household scale ( over 4.8 persons per
household ). Actually, these two regions are the least developed in the eastern zone.

Figure 5-3 (e) shows that the northern part of China generally has more than 25% of
its population urban while in the south the urban proportion is usually under 25%. This
character is the result of combined effects that the eastern China has a more developed
economy and that especially the south-east also has a more developed agriculture with a
favourable natural environment. This characteristic is also confirmed by figure 5-3 (f)
which shows the spatial pattern of the proportion of agricultural employees. Most
regions except Xinjiang in the western zone have a proportion of agricultural employees
over 79%. Rapid industrialization has taken place in Jiangsu and Zhejiang provinces in
the eastern economic zone since the late 1970s. These two provinces have made most
use of the economic reforms. Collective and private owned enterprises constitute a
substantial proportion of their economies. Their proportions of agricultural employees
in the total labour force are well below 50%. Three municipalities ( Beijing, Tianjin and
Shanghai ) and Liaoning province in the eastern zone are the traditional industrial bases -
of China and also have small proportions of agricultural employees below 50%.

Figure 5-3 (g) shows that Tibet, Qinghai, Gansu, Yunnan and Guizhou in the
western zone and Anhui in the middle zone have proportions of illiterate and
semi-illiterate population over 23%. In the least developed region, Tibet, the proportion
of illiterate and semi-illiterate population is over 37%. Such low level of education may
have adverse éffect on its development.

Figure 5-3 (h) shows the spatial variation of the birth rate in 1990. Most regions
except Sichuan in the western zone have birth rates over 21%,. It is interesting to note
that Sichuan has the largest provincial population of 107 million in China in 1990, and
that its birth rate has been successfully kept at a low level. Six out of nine regions in the
middle zone also have birth rates over 21%,. Birth rates are not uniformly low in the
eastern economic zone. Fujian and Guangdong have birth rates over 21%, while the
rest regions below 18%,. These two provinces have been most influenced by the open
door policy. The traditional administrative system has been weakening much faster than
in other provinces. It may become more and more difficult to implement family
programme effectively there. It is of concern that such adverse effect on family
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planning may spread into other regions with the further transition of China's economy
into a market economy.

The spatial variation of death rate in 1990 is shown in figure 5-3(i). The death rates
are normally below 6.7% in the eastern zone. Most regions in the western zone have
death rates over 6.7%. Tibet and Yunnan in that zone have high death rates over 7.5%,
However, in Heilongjiang, Hebei, Anhui and Inner Mongolia in the middle zone, and
Ningxia in the western zone the death rate does not climb above 5.9%, as in Beijing,
Tianjin, Fujian and Guangdong in the eastern economic zone.

Figure 5-3 (j) shows the spatial variation of natural increase rate. By definition,
natural increase rate is the difference between the birth rate and the death rate.
Currently, the birth rate is much greater than the death rate in China. Comparing the
spatial patterns of birth, death and natural increase rates in figures 5-3(h), (i) and (j), it
seems that the spatial pattern of natural increase rate mainly reflects that of birth rate. All
those regions with natural increase rates over 17%, have birth rates over 21%,,. These
regions can be found in the western, middle and eastern economic zones. All those
regions with natural increase rates below 14%, have birth rates below 21%,. Most of
these regions locate in the eastern zone ( Liaoning, Beijing, Tianjin, Shandong,
Shanghai and Zhejiang ). Two regions, Heilongjiang and Jilin, are in the middle
economic zone. Sichuan in the western zone also has a natural increase rate below
14%,,.

Figure 5-3 (k) shows that Liaoning, Beijing, Tianjin and Shanghai in the eastern
zone, Jilin, Inner Mongolia, Shanxi in the middle zone, and Xinjiang, Qinghai,
Ningxia, Shaanxi in the western zone, have in-migration rates over 1.6%,. These
regions are either sparsely populated or more urbanized and industrialized regions in
China. Two kinds of in-migration flows can be identified. The first one is the migration
flow toward sparsely populated regions in the north-western part of China. The second
one is the migration flow toward most urbanized and industrialized regions in the
eastern economic zone. However, most of those regions except for Shanxi receiving
the fist kind of migration flow also have high out-migration rates as are shown in figure
5-3(1). Only Beijing which receives the second kind of migration flow has high out-
migration rates. Beijing, as the capital of China, has huge exchange of persons with the
rest of the country. Besides, another three traditional in-migration regions,
Heilongjiang, Gansu and Tibet also have out-migration rates over 2.5%,. It is
interesting to note that Zhejiang also has a high out-migration rate over 2.5%,. The
economy in Zhejiang has been growing rapidly since the late 1970s. A number of
people with various skills have migrated to other regions all over the country to engage
in various kinds of small business such as retailing and catering.
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Net migration rate is the difference between the in-migration and out-migration rates.
Figure 5-3 (m) shows that a number of regions in the eastern and middle zones have
net in-migrations. Specifically Beijing, Tianjin, Shanghai and Guangdong in the eastern
zone have a net migration rate over 0.7%,. In the western zone, only Ningxia has such
a high net migration rate. The economy in Guangdong is booming in recent years with
the implementation of a series of policies aiming to attract capital from Hong Kong and
abroad. Such rapid growth has attracted substantial migrants all over the country.
Zhejiang has net out-migrations due to a high out-migration rate mentioned before. It
should be noted that some traditional net in-migration regions such as Guangxi in the
eastern zone, Heilongjiang and Jilin in the middle zone, Qinghai and Tibet in the
western zone have been subjected to net out-migration rates over 3.5%,. This change in
the inter-provincial migration direction is the result of changes in a variety of political,
social and economic situations as well as government policies in China since the late
1970s. See chapter seven for a more detailed discussion.

Figure 5-3 (n) shows the spatial pattern of the population growth rate over the period
1982-1990. Regional population growth is the combined result of the effects of natural
population increase and net population migration. Beijing, Ningxia and Guangdong
have a growth rate over 17% in the period 1982-1990. It seems that high net in-
migration is the main cause of the high rate of growth in Beijing, while both high net in-
migration rates and substantial natural increase rates have contributed to the high
population growth rates in Ningxia and Guangdong. Heilongjiang, Zhejiang and
Sichuan have a growth rate under 9% in the period 1982-1990. It seems that high net
out-migration is the best explanation of low population growth rate in Heilongjiang
while low natural increase rate is the main cause of low population growth rate in
Sichuan. Both a low natural increase rate and a high net out-migration rate seem to have
contributed to the low population growth rate in Zhejiang.

Spatial population change is a long term process. It often takes many years to change
the spatial pattern of population distribution. The standard deviation of the natural
increase rate is 4%, in 1990, and that of the net migration rate is 2%, in 1987 while the
coefficient of variation of the population density is 124% in 1990. It seems that, on
average, the effect of the natural increase rate on population redistribution is two times
more than that of the net migration rate in late 1980s. Assuming that region A has a
population density of 1.24 times more than region B, and a natural increase rate of
14.7%,, that region B has a natural increase rate of 4%, more than region A, and that
there is no migration between two regions, simple calculation shows that it will take
1225 years for region B to catch up with region A to reach a same population density.

Figure 5-3 (o) shows the spatial pattern of population density change in the period
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1982-1990 which is almost identical to the spatial pattern of population density in 1990
as shown in figure 5-3 (a). This is because the population density is the main factor
determing the change of population density as its spatial variation is much greater than
the spatial variation in the rates of population change. Six sparsely populated regions,
namely, Heilongjiang, Inner Mongolia, Gansu, Xinjiang, Qinghai and Tibet in the
northern and north-western parts of China have a population density increase under 10
persons per km2 while five densely populated regions, namely, Beijing, Tianjin,
Shanghai, Jiangsu and Henan have increases of over 59 persons per km2,

It should be noted that the spatial patterns of most demographic indicators discussed
above are highly correlated. Table 5-3 presents their correlation coefficients which are
significant at 0.05 level. The out-migration rate, death rate, population growth rate and
population proportion of national minorities have more unusual patterns compared to
other indicators as they have more insignificant correlation coefficients than the others.

Table 5-3 Correlation coefficients among demographic indicators

X} X2 X3 X4 X5 X6 X7 Xg X9 X10 X1 X12 X13 X4
X1 1
x2 -04 1

x3 08 05 1

x4 06 07 -07 1

xs 05 * 04 06 1

x¢ 07 * 05 07 -09 1

x7 * 06 -04 07 06 06 1

x¢ 06 04 -06 08 -08 08 06 1

X9 * 06 04 -04 04 06 04 1

xo ‘06 * 06 07 08 08 05 10 * 1

xqp 06 * o4 05 08 -08 04 06 * 06 1

x2 * 07 -05 * * 4 * * * |

x;3 08 -04 06 -06 07 -08 -05 06 -04 06 09 * 1
Xi4 ¥ * * 05 * * oo 05 * 05 * * =* 1
x;s 1.0 -04 o8 06 06 07 * 06 * 06 07 * 08 *

Note: * not significant at 0.05 level. For key to entries see text.

Except for these four indicators ( x2, Xg, X12, X14 ), most of the rest of the demographic
indicators are significantly correlated with two exceptions. The correlation coefficients
of the proportion of illiterate and semi-illiterate population ( x7) with population density
( x1 ) and population density change ( x5 ) are insignificant at 0.05 level. Two groups
of demographic indicators can be identified. The demographic indicators within each
group are positively and significantly correlated. The first group consists of population
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density, proportion of elderly population, proportion of urban population, inter-
provincial in-migration rate, inter-provincial net-migration rate and population density
change. The second group consists of average household scale, proportion of
agricultﬁral employees, proportion of illiterate and semi-illiterate population, birth rate
and natural increase rate. The demographic indicators in one group are negatively and
significantly correlated with the demographic indicators in another group, with two
exceptions mentioned above. Thus a typical region with a high population density in
China usually has high levels of urbanization and industrialization, large increase in
population density, high rates of inter-provincial in-migration and net migration, high
proportion of elderly population, but low birth and natural increase rates, small
household scale, small proportion of illiterate and semi-illiterate population. The
situation is reversed for a typical region with a low population density.

Now consider the four demographic indicators with lower correlation with other
indicators. The distribution of the national minority population is a fundamental feature
in China. The population proportion of national minorities is positively and
significantly correlated with average household scale, proportion of illiterate and semi-
illiterate population, birth rate, death rate and inter-provincial out-migration rates, but
negatively and significantly correlated with population density, proportion of elderly
population, inter-provincial net migration rate, population density change. Thus a
typical region with a high proportion of national minorities usually has a low population
density, small population density change, high birth and death rates, large household
scale, high proportion of illiterate and semi-illiterate population, low proportion of
elderly population, high inter-provincial out-migration rate and low net migration rate.

The death rate is positively and significantly correlated with the population proportion
of national minorities, average household scale, proportion of agricultural employees,
proportion of illiterate and semi-illiterate population and birth rate, but negatively and
significantly correlated with the proportion of urban population, inter-provincial net
migration rate. Thus a typical region with a high death rate may look like this: high
proportions of national minorities and illiterate and semi-illiterate population, low levels
of urbanization and industrialization, a high birth rate, a large household scale, and
small inter-provincial net migration rate.

The inter-provincial out-migration rate is only significantly correlated with two
demographic indicators. It has a positive correlation with the population proportion of
national minorities and a negative correlation with the proportion of elderly population.
A region with a high proportion of national minorities and a low proportion of elderly
population is more likely to have a high out-migration rate.

The population growth rate is positively and significantly correlated with only three
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demographic indicators: the birth rate, natural increase rate and average household
scale. Here, it shows that the birth rate and natural increase rate do play a decisive role
in the regional population growth rate. A region with high birth and natural increase
rates is likely to have a high population growth rate. Of course, the household scale in
such a region may be large. It is interesting to note that the urbanization level is not
significantly correlated with the population growth rate. A region may have a high
population growth rate whether its urbanization level is high or low. For example,
Beijing has a high proportion of urban population. It has a low birth rate. But it still has
a high population growth rate due to a high net in-migration rate. For another example,
Tibet has a low urbanization level. It has a high birth rate. Thus its population growth
rate is also high. Here, two different factors, migration and fertility, help to keep high
population growth rates in Beijing and Tibet respectively.

5.3 Trends in regional birth rates

China's population has experienced a demographic transition process in the last three
decades. The current spatial patterns of regional birth and death rates are the results of
such process. Subsequent sections in this chapter will examine the main features of
such trends in the regional birth and death rates as well as regional migration rates and
population densities.

The trends in birth, death and natural increase rates for China as a whole in the period
1949-1990 are shown in figure 5-4 and will be examined first. The birth rate increased
slightly from 36%,, in 1949 to 38 %, in 1954 as China entered a peaceful period. The
birth rate began to decline after 1954. However, this process was speeded up by a
‘Socio-economic crisis' around the year 1960. There was severe shortage of food and
the birth rate declined to 21%,, by the year 1960. In the mean time, the death rate
increased to over 25%, by 1960. In that year, China had a negative natural increase rate
of -4.6%,. The birth rate reached the bottom of 18%,, in 1961. To compensate for the
loss of population and the low birth rates during the crisis, the birth rate recovered to a
highest level of 43%,, by the year 1963. The birth rate began to decline slowly after
1963 and rapidly after 1970. Because the family planning was gradually introduced in
urban areas in 1960s and rural areas in areas in 1970s. The widespread implementation
of family planning in the rural areas where majority of Chinese people live play a vital
role in the dramatic decline of fertility in China. By the year 1980, the birth rate in
China was as low as 18%,. With the introduction of economic reforms, the family
planning policy has been somewhat relaxed. The birth rate increased slightly to around
21%, by the year 1990 with small fluctuations.

Except for a sharp increase of the death rate during the socio-economic crisis around
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Figure 5-4 Trends in birth, death and natural increase rates in China,

1949-1990 (%o0)

1960, the death rate has declined from 20%o0 1" 1949 to 6.7%o0 by 1990. In the period
1949-1957, after the foundation of the People's Republic, the death rate declined
rapidly from 20%o to 11%o0, nearly a 50% decrease due to significant improvements in
peoples' life compared to the war times before 1949. The further decline of the death
rate in the period has been achieved rather slowly. The death rate has been almost stable
around 6.7%o since 1982.

In figure 5-4, the natural increase rate almost follows the trend of the birth rate. It
increased from 16%o0 to 25%eo in the period 1949-1954. A sharp decline of natural
increase rate occurred in the period 1958-1960. By the year 1960, it reached the bottom
of -4.6%o0. It was quickly recovered and climbed to a new high level of 33%o0 by the
year 1963. Following the decline of the birth rate, it was declined slowly to 26%o0 by
the year 1970, then rapidly to 13%o0 by the year 1976. It was further declined, though
slowly, to 12%o0 by the year 1980. With the increase of the birth rate in 1980s, the
natural increase rate increased to a level around 15%o in the 1980s.

These national trends are the combined results of regional trends. Figure 5-5 presents
trends in the regional birth rates for 29 provincial regions in selective years. The
national birth rate began to decline in 1955, reached the bottom in 1961 and recovered

to a high level in 1963 as mentioned above. Though detailed annual regional data for
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this period are not available, figiure 5-5 does show the regional trends using data for
1954, 1957 and 1965. In the eastern economic zone, not all regions followed the
national trend. Birth rates in Shanghai and Liaoning declined continuously in the period
1954-1965. Birth rates in Beijing and Tianjin increased from 1954 to 1957 contrary to
the national trend. Their birth rates then declined in the period 1957-1965. The birth rate
in Fujian also increased in the period 1954-1957, and climbed to a peak in 1965. The
remaining regions in the eastern economic zone have similar trends to the national one.

The regional trends in the middle and western economic zones show much clear V
shapes in the period 1954-1965. In the western economic zone, the recovery of birth
rates was very strong in the first half of the 1960s. Most regions climbed to high birth
rates in 1965 which were significantly greater than those ever before reached. A few
regions did not show a decline in birth rate from 1954 to 1957. These include Jiangxi
and Hubei in the middle economic zone, Guizhou and Gansu in the western economic
zone.

The decline of birth rates took place in all regions in the period 1965-1978. For China
as a whole, this declining period covers 1963-1979. The available regional data only
cover the period 1965-1978. According to figure 5-5, it is quite clear that Beijing,
Tianjin and Shanghai in the eastern economic zone lead the way in the decline of birth
rate. By 1965, Shanghai already had a birth rate as low as 17%, while the national
average was 38%,. In some regions such as Sichuan, Shaanxi and Xinjiang in the
western economic zone, Shanxi and Henan in the middle economic zone, significant
decline of birth rates did not happen until 1972. In eastern economic zone, the rates of
the birth rate decline were close in the period 1965-1972 and 1972-1978. However, in
most regions in the middle and western economic zone, birth rates declined much faster
in the period 1972-1978 than in the previous period 1965-1972. It is in line with the
much wider implementation of family planning all over the country in the 1970s.
However, birth rates in Tibet, Guizhou and Yunnan in the western economic zone, and
Jiangxi in the middle economic zone did not decline fast even in the 1970s.

More flexible family planning policy has been adopted in China since the early 1980s.
For China as a whole, its birth rate reached a bottom in 1979 and then slightly

“increased. According to figure 5-5, most regions recorded increases in birth rats from
1978 to 1981. It seems that some regions had much greater increases than other
regions. For examples, birth rates increased from 16%, to 24%, in Hebei in the eastern
zone, from 16%, to 20%, in Shanxi, from 17%, to 23%, in Inner Mongolia in the
middle zone, from 23%,, to 31%, in Tibet, from 23%, to 29%, in Xinjiang and from
13%, to 18%, in Sichuan in the western zone in the period 1978-1981. Sichuan
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experienced the greatest decline of the birth rate, from 37%, to 13%,, in the period
1972-1978. It had a steady increase in the birth rate from the bottom ( 13%,, ) in 1978
to a new peak (22%, ) in 1986. However, its birth rate declined again to 18%, by the
year 1990. In the period 1981-1990, all regions in the eastern zone except for Fujian,
plus Inner Mongolia, Heilongjiang in the middle economic zone and Guizhou, Yunnan,
Qinghai, Ningxia and Xinjiang in the western zone had slight decreases in their birth
rates. The birth rates in the remaining regions either increased slightly or were stable in
the same period.

The trends of regional birth rates described above are quite different among various
regions. It is of interest if the spatial variation of birth rates is increasing or decreasing
in this whole process. Coefficients of variation are used to examine whether the trend in
the spatial variation is increasing or declining. In most years, data samples include the
29 mainland provinces with the new province, Hainan, included in Guangdong. Two
sets of calculations are made as the data of Tibet and Ningxia for 1954 and 1957 and
Tianjin, Hebei and Tibet for 1965 are, unfortunately, not available. As many samples as
available are used in the set A calculations. A group of 25 samples, excluding Tianjin,
Hebei, Tibet and Ningxia, is used in the set B calculations for comparison. Table 5-4

presents the results of these calculations.

Table 5-4 Coefficients of variation of the regional birth rates
A (29 samples) B (25 samples )
Mean Standard Coefficient  Mean Standard Coefficient
deviation of variation deviation of variation

Year (%0) (%0) (%) (%0) (%0) (%)
1954 38.29 5.17 13.49 38.19 5.19 13.58
1957a 35.35 4.52 12.78 35.15 4.12 11.73
1965b -38.49 6.81 17.68 38.11 6.65 17.46
1972 29.42 6.87 23.37 29.81 6.49 21.76
1978 19.41 4.64 23.92 19.20 4.48 23.36
1981 21.88 4.16 19.01 21.25 3.62 17.04
1986 22.13 422 19.06 21.61 3.65 16.90
1988 19.60 3.01 15.37 19.32 2.81 14.55
1990 20.93 4.01 19.13 20.79 3.87 18.63

Note: a 27 samples in set A as the data for two regions are not available
b 26 samples in set A as the data for three regions are not available

According to table 5-4, the trends of the spatial variation of set A and set B are quite
similar. According to the set A result, coefficients of variation were low in 1954 and
1957 (13.49% and 12.78% respectively ) and increased to their highest values in 1972
and 1978 ( 23.37% and 23.92% respectively ). It seems that the spatial variation
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increased from 1957 to 1978, decreased from 1978 to 1981, and was stable at about
19% in the period 1981-1990. The relatively fast and early decline of the birth rate in
the more developed regions, such as Shanghai and Zhejiang, compared to the less
developed regions, such as Guizhou, may be the reason for the increase in variation
from 1957 to 1978. The decrease in the spatial variation of the birth rate from 1978 to
1981 may be due to the significant increase of birth rate in those regions which achieved
rapid decline of birth rates in the previous period as the overall national birth rate
increased over the period. This phenomenon is particularly clear in the western
economic zone. Several regions including Guizhou, Yunnan, Qinghai and Ningxia
which had the highest birth rates did not have significant increase in birth rates in the
period 1978-1981. Regional birth rates changed slowly in the period 1981-1990. Thus
the spatial variation was stable in this period. Table 5-5 presents the birth rates in
Shanghai, Zhejiang, Guizhou and Qinghai in selective years.

In 1988, the coefficient of variation was quite small ( 15.37% ). In that year, Tibet,
Shaanxi, Gansu, Qinghai and Xinjiang in the western economic zone which normally
have high birth rates reported low birth rates. This significantly reduced the spatial

variation in that year.

Table 5-5 Birth rates in the regions of Shanghai, Zhejiang,
Guizhou and Qinghai (%)

Region 1957 1978 1981 1986 1988 1990

Shanghai 46.00 11.31 16.14 15.45 13.20 11.32
Zhejiang 34.62 16.90 17.93 16.18 15.54 14.84
Guizhou 34.27 27.37 27.89 24.79 23.81 23.77
Qinghai 32.18 26.15 26.65 25.99 19.27 22.65

Data source: Hu and Zhang ( 1984 ) pp.101, DPS (1988b), and SSB (1990a)

A correlation matrix of the spatial series of birth rates has been calculated to examine
the stability of the spatial pattern. The greater the correlation coefficient, the more stable
the spatial pattern of birth rate. Table 5-6 presents the correlation matrices. Set A uses
29 samples. Set B uses 25 samples, excluding Tianjin, Hebei, Tibet and Ningxia. All
correlation coefficients, except in one case, are significant at 0.05 level. There was a
change of the spatial pattern of birth rate between 1957 and 1965 as indicated by
negative correlation between those spatial series before 1957 and those spatial series
after 1965 ( inclusive ). The reason for this change in the spatial pattern of the birth rate
is as follows. The birth rate was positively correlated with the development level before
1957 and was negatively correlated with the development level after 1965. The birth
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Table 5-6 Correlation matrices of the regional birth rates

Year 1954 1957 1965 1972 1978 1981 1986 1988 1990
A (29 samples )

1972 1

1978 0.61 1

1981 048 075 1

1986 0.52 065 084 1

1988 0.64 070 075 076 1
1990 0.68 065 063 074 085 1
B( 25 samples )

1954 1

1957 049 1

1965 -0.44 -0.70 1

1972 -0.46 -0.76 089 1

1978 -0.45 -0.28* 0.65 0.56 1

1981 -0.53 -0.42 0.55 053 075 1

1986 -0.64 -0.53 0.57 066 0.69 0.79 1

1988 -0.44 -0.56 0.66 065 065 066 073 1
1990 -0.62 -0.68 0.64 070 0.62 056 071 0.84 1

Note: * not significant at 0.05 level

rate began to decline faster in the more developed regions after 1965. It seems that the
spatial pattern of the birth rate has been quite stable since 1965 as indicated by
significant correlations among the spatial series of birth rates.

An orthogonal varimax factor analysis has been used to examine the typical spatial
pattern of birth rates based on the data set of 25 samples. Table 5-7 presents the factor
loadings of the first factor ( correlation coefficient of a factor with the birth rate at a
specific year in this case ) . Figure 5-6 show the typical spatial pattern of regional birth

Table 57  Factor loadings of regional birth rate factor Fy,

Year 1954 1957 1965 1972 1978 1981 1986 1988 1990

Factor loading -0.682 -0.741 0.840 0.855 0.777 0.793 0.867 0.854 0.875

rates as described by regional factor scores of factor F,. The original variance
contribution of factor Fy, is 65.9%. According to table 5-7, factor F},, describes the
typical spatial pattern of birth rate as it is significantly correlated with the birth rate every
year. A region may have a low birth rate before 1957 and a high birth rate after 1965 if
its factor score of Fy, is high. According to figure 5-6(a), Beijing and Shanghai have
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the smallest scores of factor Fy. Heilongjiang, Jilin, Liaoning, Shandong, Jiangsu and
Zhejiang in the east of China also have small factors. On the other hand, Xinjiang,
Qinghai, Gansu, Shaanxi, Yunnan, Guizhou and Guangxi in the west and south-west
parts of China have the largest scores. It is noted that two contrasting patterns of birth
rate before 1957 and after 1965 are described by factor Fy. Figure 5-6 (b) and (c) show
the contrasting spatial patterns of the birth rate in terms of raw data in 1957 and 1965.
Beijing, Tianjin, Shanghai and Liaoning in the more developed eastern zone had a high
birth rate, over 39%,, in 1957 while Guangxi in the eastern zone and Gansu, Ningxia,
Qinghai, Sichuan, Guizhou, Yunnan in the western zone had a high birth rate over
42%, in 1965.

5.4  Trends in regional death rates
The national death rate of China decreased gradually from 20 %,, in 1949 to 6.7%, in
1990 except for an upturn during the 'Socio-economic crisis' around 1960. Following
this national trend, death rates in most regions also declined in this period as are shown
in figure 5-7. The great decline of the death rates occurred in early years after the
foundation of the People's Republic in 1949. A number of regions recorded a rapid
decline of death rates in the first period 1954-1957. These regions include Jiangsu
(from 12%, to 10%,), Zhejiang ( from 11%, to 9%, ), Guangdong ( from 13%, to
9%, ) and Guangxi ( from 15%,, to 12%,, ) in the eastern zone, Shanxi ( from 15%, to
13%, ), Anhui ( from 25%, to 16%,, ), Jiangxi ( from 14%, to 11%, ), Hubei ( from
16%, to 10%, ) and Hunan ( from 18%, to 10%, ) in the middle zone, and Sichuan
(from 15%, to 12%,) in the western economic zone. Regional death rates declined
more slowly in most regions over the period 1957-1978 and have been stable since
1978. Death rates in Guizhou, Ningxia and Gansu were still high in 1965, probably
due to the delayed recovery from the 'Socio-economic crisis' in early 1960s. By the
year 1954, Shanghai already had a low death rate of 7.12%,, it further declined to
5.57%, in 1972, then increased slowly to 6.36%, by 1990 mainly due to the ageing of
its population. For China as a whole, such a process may take place in the next century.
The same methods and data for the same period are used to analyze the trends in the
spatial variation of the death rates in the following. Table 5-8 presents the coefficients
of variation for regional death rates. It seems that the spatial variation of death rates has
a decreasing trend over the period 1954-1990. With regard to data set A, the coefficient
of variation of the death rate was 23.56% in 1954, 14.31% in 1978 and 13.04% in
1990. The decreasing trend is clearer in data set B where the coefficient of variation of
the death rate was 22.49% in 1954, 13.14% in 1978 and 9.52% in 1990. The reason
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Table 5-8 Coefficients of variation of the regional death rates

A (29 samples) B (25 samples )

Mean Standard Coefficient  Mean Standard Coefficient

deviation of variation deviation of variation
Year (%) (%0) (%) (%) (%) (%)
1954a 12.33 290 23.56 12.60 2.83 22.49
1957a 10.55 2.02 19.12 10.60 2.03 19.13
1965b 9.57 2.24 23.42 9.58 2.29 23.86
1972 7.66 1.49 14.50 7.61 1.41 18.48
1978 6.32 090 14.31 6.25 0.82 13.14
1981 6.51 1.16 17.88 6.43 1.03 16.06
1986 5.38 0.70 13.08 5.49 0.66 12.06
1988 5.89 0.66 11.27 5.90 0.66 11.18
1990 6.30 0.82 13.04 6.27 0.60 9.52

Note: a 27 samples in set A
b 26 samples in set A

for this trend lies in the effective spread of medical facilities and services to less
developed regions in China. The decline of regional death rates has taken place
gradually since the early 1950s. As a result, the spatial variation of the death rate was
less than that of birth rate in the period 1972-1990. This confirms part of the
demographic transition theory that mortality declines ahead of fertility.

There are some fluctuations around the overall trend. In 1957, a number of regions in
the middle and western economic zones, which normally had high death rates, recorded
low death rates as were shown in figure 5-7. Thus the spatial variation of the death rate
was lower in 1957 than in 1954 and 1965. In 1981, a number of regions in the western
economic zone recorded higher death rates than in the previous and following years,
Thus the difference in death rates between these regions and other developed regions
was increased.' The coefficient of variation was as high as 18% in 1981. In 1990, the
coefficient of variation was a little higher than in 1988 based on the results of data set
A. In that year, Tibet recorded a high death rate of 9.2%,. Based on the results of data
set B, which excludes Tibet, the coefficient of variation did reach its smallest value in
1990. |

Table 5-9 presents the correlation matrices of regional death rates. Most correlation
coefficients are significant at 0.05 level. It seems that the spatial pattern of the death rate
was also relatively stable in the period 1954-1990. However, it may well be less stable
than the spatial pattern of the birth rate as the birth rate had a greater number of
significant correlation coefficients than the death rate. This may be due to the fact that all
regional death rates have been reduced to low levels as well as the differences among
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them. Also some random factors may play more active role in the spatial pattern of
death rates. Thus spatial patterns of the death rate are less significantly correlated.

One factor Fj is again extracted using the factor analysis methodology to examine the
typical spatial pattern of death rates. The data set of 25 samples is used. Table 5-10
presents the factor loadings of the first factor. The original variance contribution of
factor Fdis 62.2%. Factor Fy describes the typical spatial pattern of death rate as it is
significantly correlated with the death rate every year. This typical pattern in terms of
regional factor scores of factor Fd is shown in figure 5-8. A region may have a high
death rate if its factor score of Fd is high. According to figure 5-8, Xinjiang, Sichuan,
Guizhou and Yunnan in the western zone, Hubei and Hunan in the middle zone usually
have high death rates. Liaoning, Beijing and Guangdong in the eastern zone,
Heilongjiang and Anhui in the middle zone usually have low death rates. Shanghai is
not a typical region of low death rate as its death rate has been increasing with the

ageing of its population. Its trend in death rates is quite different from other regions.

-1.458 to -0.756
-0.756 to -0.053
-0.053 to 0.649
0.649 to 1.352
1.352 to 2.054

Figure 5-8 Typical spatial pattern of death rates based on factor Fd in China
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Table 5-9 Correlation matrices of regional death rates

Year 1954 1957 1965 1972 1978 1981 1986 1988 1990
A (29 samples )

1972 1

1978 072 1

1981 0.76 0.89 1

1986 0.16* 0.29* 0.28* 1

1988 0.36* 0.61 0.58 047 1
1990 0.76 0.82 0.87 0.26* 0.68 1
B( 25 samples )

1954 1

1957 0.60 1

1965 042 070 1

1972 0.43 058 087 1

1978 0.39 046 059 0.66 1

1981 0.42 058 0.68 069 0.86 1

1986 049 0.38* 0.37* 043 063 069 1

1988 0.43 0.28* 0.31* 0.23* 0.54 0.50 0.69 1

1990 0.48 0.53 0.67 0.73 0.77 0.84 0.79 0.63 1
Note: * not significant at 0.05 level

Table 5-10  Factor loadings of regional death rate factor Fy

Year 1954 1957 1965 1972 1978 1981 1986 1988 1990

| Factor loading 0.636 0.715 0.802 0.808 0.849 0.902 0.772 0.635 0.924

5.5 Trends in regional migration rates

The migration data available are in-migration rates and out-migration rates of various
regions which include intra-provincial migrations and inter-provincial migrations (DPS,
1988b). These data are produced by the residence registration system administrated by
the Ministry of Public Security of China. Net migration rates are calculated from in-
migration rates and out-migration rates and, theoretically, they are net inter-provincial
migration rates as external migration is negligible. It is noted that there is a significant
statistical error of migration registration in China. For example, the national out-
migration rate was 15.75%, while the national in-migration rate was 18.59% in 1987.
The in-migration rate is thus significantly greater than the out-migration rate. The
difference cannot be explained by net external migrations. According to the 1%
population sample survey in 1987, the external in-migration rate was only 0.09%,, in
1987. The in-migration rates and out-migration rates of various regions may have the
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same statistical errors. As a result, most regibnal net migration rates are positive and
may have been affected by these types of statistical errors. The net migration rates must
be used with caution and they are used in this section only to reveal the general trend of
regional net migration patterns. Two sets of calculations are made as the data for Tibet
in 1955, 1960, 1965 are not available. As many samples as available are used in the set
A calculation. A group of 28 samples excluding Tibet is used in the set B calculation.
The new province Hainan is included in Guangdong.

After the foundation of the People's Republic of China, the government gradually
introduced a series of measures to control migration especially the rural to urban
migration ( see section 2.3 ). These measures have become more rigid and effective
after the 'Socio-economic crisis' in the early 1960s when many urban residents were
sent back to rural areas. In addition, the government organized a number of people in
the densely populated eastern provinces such as Shanghai, Shandong and Zhejiang to
move to the sparsely populated middle and western provinces such as Heilongjiang,
Ningxia and Xinjiang to develop arable land in the 1950s. Such organized migrations
have stopped since the early 1960s. Therefore, the scale of migration flow has been
significantly reduced since the early 1960s. For China as a whole, its in-migration rate
was 42%, in 1955, reached a peak of 50%, in 1960, then declined dramatically to
23%, by the year 1965. The in-migration rate in 1960 is exceptionally high as a result
of the 'Great Leap Forward' movement when urban population was increased rapidly
(see section 2.3.3). In the period 1965-1987, the in-migration rate decreased slowly to
19%, by 1987.

Figure 5-9 shows the regional trends in in-migration rates. Most regions follow the
national trend. But the most rapid decline of in-migration rates occurred in those regions
which had high in-migration rates before 1960. These regions including Beijing and
Liaoning in the eastern zone, Inner Mongolia, Jilin and Heilongjiang in the middle
zone, Ningxia and Xinjiang in the western zone had massive in-migrations in the
1950s. The variation of regional in-migration rates has become small since 1960. Table
5-11 presents the coefficients of variation of the in-migration rate. According to data set
A, the coefficient of variation decreased from 59.64% in 1955 to 25.96% by 1987.

Table 5-12 presents the correlation matrices of the in-migration rate data. It seems that
the spatial pattern of the in-migration rate is relatively stable as most correlation
coefficients are significant at 0.05 level though some changes have gradually taken
place as revealed by factor analysis below.

Two factors Fj; and Fj; are extracted using the factor analysis method. The data set of
28 samples is used. Table 5-13 presents the factor loadings. The variance contributions
of factor Fj; and F;; are 51.7% and 48.3% respectively. Two spatial patterns of the in-
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Table 5-11 Coefficients of variation of the regional in-migration rates

A (29 samples) B (28 samples )

Mean Standard Coefficient  Mean Standard Coefficient

deviation of variation deviation of variation
Year (%o) (%0) (%) (%) (%0) (%)
19552 49.35 29.44 59.64 49.35 29.44 59.64
19602 62.15 40.55 65.24 62.15 40.55 65.24
19652 27.94 14.73 52.72 27.94 14.73 52.72
1975 20.96 8.97 42.80 21.17 9.07 42.83
1980 22.12 6.33 28.60 22.32 6.36 28.48
1985 20.33 7.02 34.55 20.65 6.93 33.54
1987 19.85 5.15 25.96 19.76 522 27.28

Note: a 28 samples in set A excluding Tibet

Table 5-12 Correlation matrices of the regional in-migration rates

Year 1955 1960 1965 1975 1980 1985 1987
A (29 samples )

1975 1

1980 0.70 1

1985 044 066 1
1987 047 074 073 1
B( 28 samples )

1955 1

1960 0.71 1

1965 0.44 0.67 1

1975 0.69 0.69 085 1

1980 0.56 0.57 064 0.70 1

1985 0.11* 0.38 0.59 043 0.65 1
1987 0.28* 0.57 0.58 0.49 0.77 0.78 1

Note: * not significant at 0.05 level

Table 5-13 Factor loadings of the regional in-migration rates

__Factorloading
Year Fi1 F;2
1955 0.925 -0.006
1960 0.808 0.335
1965 0.632 0.585
1975 0.829 0.391
1980 0.542 0.700
1985 0.075 0.940
1987 0.260 0.887
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migration rate are revealed by factor Fn and F;2 respectively. Factor F;i describes a
typical spatial pattern of the in-migration rate in 1955, 1960, 1965, 1975. Factor F 2
describes a typical spatial pattern of the in-migration rate in 1980, 1985, 1987. It seems
that the spatial pattern of the in-migration rate has gradually changed from Fn to Fi2 in
the period 1955 to 1987. Figure 5-10 shows the typical spatial patterns of the in-
migration rate as described by regional factor scores of factor Fn and factor F12
respectively. According to figure 5-10, in the period 1955-1975, those regions with a
high in-migration rate were Heilongjiang, Jilin, Inner Mongolia and Xinjiang. These
regions are located in the north of China. They have low population densities and the
most undeveloped arable land in China. A substantial proportion of the migrations to
these regions were organized by the government to develop agricultural and natural
resources there. In this period, Sichuan, Henan, Hubei, Hunan, Anhui and Zhejiang

between the north and south of China had low in-migration rates. In the period 1980-

-1.199 to -0.686 U -1.715 to -0.658
-0.686 to -0.373 o -0.658 to -0.296
-0.373 to -0.248 o -0.296 to 0.024
-0.248 to 1.336 M 0.024 to 0.826
1.336 to 2.350 m 0.826 to 2.884

(a) Typical spatial pattern based on factor Fji (b) Typical spatial pattern based on factor F{2

Figure 5-10  Spatial patterns of in-migration rates in China
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1987, in-migrations to Heilonjiang, Jilin and Xinjiang become more moderate. Inner
Mongolia still had a high in-migration rate. In addition, Hubei, Ningxia and Qinghai
also had high in-migration rates. In the period 1980-1987, several regions along the
coast had low in-migration rates. These regions are Hebei, Tianjin, Shandong, Jiangsu,
Shanghai, Fujian and Guangxi. Note that Hebei, Tianjin, Jiangsu and Guangxi also
have low out-migration rats as will be revealed in the following.

There is significant correlation between the in-migration rate and the out-migration
rate. Table 5-14 presents their correlation coefficients which are all significant at 0.05
level. It is probably due to the fact that majority of these migrations are intra-provincial.
These intra-provincial migrations contribute a similar significant value to the regional in-

migration and out-migration rates ( see chapter seven ).

Table 5-14  Correlation coefficients of the in-migration and out-migration rates

Year 19552 19602 19652 19756 1980b 1985b 1987b

R 0.88 086 092 097 094 094 092

Note: a 28 samples
b 29 samples

Figure 5-11 shows the trends of the regional out-migration rates in the period 1955-
1987. These trends are quite close to those of the regional in-migration rates (figure 5-
9). Most regions had peaks of out-migration rates in the year 1960, then their migration
rates declined to low levels in 1965. However, the out-migration rates in Beijing,
Tianjin, Liaoning and Shanghai in the eastern zone, Shanxi, Jilin and Heilongjiang in
- the middle zone have declined since 1955. These trends are consistent with the national
trend in the decline of the migration level. For China as a whole, the out-migration rate
declined rapidly from 40%, in 1955 to 23%, in 1966, then decreased slowly to 16%,

by 1987. There is a similar decreasing trend of the spatial variation in out-migration
rates. Table 5-15 presents the coefficients of variation of out-migration rates. The
coefficient of variation declined rapidly from 62% in 1955 to 39% by 1965, then slowly
to 27% in 1987 based on the results of set A. This is resulted from the fast decline of
out-migration rates in those regions with high migration levels. It seems that the spatial
pattern of the out-migration rate is stable as most correlation coefficients in table 5-16
are significant at 0.05 level. All insignificant correlation coefficients are related to the
year 1955. It seems that the current spatial pattern of the out-migration rates have been
formed since 1960.
One factors F, is extracted using the factor analysis method. The data set of 28
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Table 5-15 Coefficients of varlation of the regional out-migration rates

A (29 samples) B ( 28 samples )
Mean Standard  Coefficient Mean  Standard Coefficient
deviation of variation deviation of variation
Year (%0) (%0) (%) (%,) (%) (%)
19552 4771 29.45 61.73 4771 2945 61.73
19602 52.36 2141 40.89 52.36 21.41 40.89
19652 26.28 10.22 38.91 26.28 10.22 38.91
1975 19.32 8.95 46.33 19.54 9.03 46.23
1980 20.57 6.30 30.64 20.76 6.33 30.48
1985 17.80 6.26 35.16 18.04 6.23 34.54
1987 16.87 5.17 26.71 16.90 5.26 31.11

Note: a 28 samples in set A

Table 5-16  Correlation matrices of the regional out-migration rates

Year 1955 1960 1965 1975 1980 1985 1987
A(2 les

1975 1

1980 073 1

1985 0.60 079 1
1987 0.70 0.87 0.87 1
B( 28 samples )

1955 1

1960 0.26* 1

1965 042 0.53 1

1975 0.56 0.60 0.78 1

1980 0.32* 0.56 0.61 0.73 1

1985 0.05* 045 0.59 059 079 1
1987 0.21* 0.64 0.65 0.70 0.88 088 1

Note: * not significant at 0.05 level

Table 5-17 Factor loadings of the regional out-migration rate factor F,

Year 1955 1960 1965 1975 1980 1985 1987
Factor loading 0.439 0.725 0.822 0.886 0.898 0.819 0.920

samples is used. Table 5-17 presents the factor loadings. Figure 5-12 show the typical
spatial pattern of out-migration rates as described by regional factor scores of factor F,,.
The original variance contribution of factor F, is 64.3%. Factor F, describes the typical

spatial pattern of out-migration rates as it is significantly correlated with out-migration
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rates every year. A region may have a high out-migration rate if its factor score of FQis
high. According to figure 5-12, Jilin and Inner Mongolia in the middle zone, Xinjiang
and Qinghai in the western zone usually have high out-migration rates. Actually, these
regions usually have high in-migration rates too. Tianjin, Hebei, Jiangsu, Guangdong
and Guangxi in the eastern zone, and Henan in the middle zone usually have low out-

migration rates.

-1.615 to -0.796
-0.796 to -0.512
-0.512 to -0.009
-0.009 to 1.534
1.534 to 1.939

Figure 5-12 Typical spatial pattern of out-migration rates based on factor Fo in China

Unlike the spatial pattern of the in-migration rate, there is no gradual change of the
spatial pattern of the out-migration rate. The fact is compatible with the findings of other
migration studies that in-migration is susceptible to economic opportunities while the
out-migration is mainly determined by the demographic state of the population
concerned ( Lowry, 1966 ).

Figure 5-13 shows the rends in regional net migration rates in the period 1955-1987.
It is quite clear that net migrations have been reduced to low levels in most regions since
1965 along with the decline of the in-migration and out-migration rates. The absolute
regional differentials in net migration rates have been quite small since then.

The trend of the spatial variation of net migration rate will be analyzed in terms of its

standard deviation. The mean net migration rate weighted by population is theoretically
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Figure 5-13 Trends in regional net migration rates in China, 1955-1987
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zero if the external migration is negligible. Thus its coefficient of variation cannot be
calculated. Table 5-18 presents the standard deviation of the net migration rates over
time. It seems that there is a decreasing trend of the spatial variation of the net migration
rate. The standard deviation of the net migration rates declined dramatically from 25%,
in 1960 to 7%, in 1965, and has remained at about 2%,, since 1975. However, it may
be more interesting to examine the regional net migrations in the period 1955-1965. In
1955, Tianjin and Shanghai had high net out-migration rates when many skilled people
there moved out to support construction projects in other parts of the country. In 1960,
many regions had significant in-migrations. These regions include Beijing in the eastern
zone, Inner Mongolia, Jilin and Heilongjiang in the middle zone, Qinghai and Xinjiang
in the western zone. On the other hand, Shandong in the eastern zone, Anhui and
Hunan in the middle zone, and Guizhou in the western zone had significant net out-
migrations in 1960. In 1965, Xinjiang maintained a high net in-migration rate while net
migration rates in other regions had already declined to low levels.

Table 5-18 Standard deviation of the regional net migration rates (%,)

Year A (29 samples) B (28 samples )
19552 14.29 14.29
19602 24.62 24.62
19652 6.68 6.68
1975 2.15 2.19
1980 2.24 2.28
1985 2.35 2.35
1987 2.05 1.97

Note: a 28 samples in set A

Table 5-19 is composed of the correlation matrices of the net migration rate. The
spatial pattern of the net migration rate is not stable as most correlation coefficients are
not significant at 0.05 level. In addition, no dominant typical spatial pattern of net
migration rates can be extracted using the factor analysis method. This is similar to the
case of the regional death rates. The net migration rate is the difference between the in-
migration and out-migration rates. The spatial pattern of net migration rates may change
from time to time under the influences of various factors including random factors.

Previous discussions on regional trends in migrations are based on migration data
including both intra- and inter-provincial migrations. Migration data collected by 1%
population sample survey in 1987 separated the inter-provincial migrations from the
intra-provincial migrations. These data are used next to examine the recent trends in the
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Table 5-19 Correlation matrices of the regional net migration rates

Year 1955 1960 1965 1975 1980 1985 1987

A (29 samples )

1975 1

1980 0.57 1

1985 0.23* 0.27* 1

1987 0.16* 041 052 1
mpl

1955 1

1960 041 1

1965 037 0.33* 1

1975 0.03* 0.10* 0.10* 1

1980 -0.56 -0.04* -0.05* 0.57 1

1985 -0.22* -0.17* -0.06* 0.24* 0.28* 1

1987 -0.37 -0.37 -0.09* 0.16* 0.44 0.62 1

Note: * not significant at 0.05 level

Table 5-20  Coefficients of variation of the inter-provincial in-migration rates (%)

Year 1983 1984 1985 1986 1987
Coefficient
of variation 90.33 9391 102.46 100.11 103.98

inter-provincial in-migration rates. The in-migration rates of 28 mainland provinces
except Tibet in 1983, 1984, 1985, 1986 and 1987 are calculated. Here 1983 refers to
the period from mid-1982 to mid-1983 , and so on. Table 5-20 presents the coefficients
of variation of the inter-provincial in-migration rate. It seems that there is little increase
of the spatial variation of the inter-provincial in-migration rate in this short period from
mid-1982 to mid-1987. Table 5-21 presents the correlation matrix. It is clear that the
spatial pattern of the inter-provincial in-migration rate is stable as all correlation
coefficients are significant at 0.05 level.

One factor Fy, is extracted using the factor analysis method. Table 5-22 presents the
factor loading. The original variance contribution of factor F;y, is 89.3%. Factor Fj,
describes the typical spatial pattern of the inter-provincial in-migration rate in the period
from mid-1983 to mid-1987. Regional factor scores of factor Fj,, are used in figure 5-
14 to display the typical spatial pattern of the inter-provincial in-migration rate in the
period from mid-1982 to mid-1987. According to figure 5-14, a number of regions in
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Table 5-21 Correlation matrix of the inter-provincial in-migration rates

Year

1983
1984
1985
1986
1987

1983 1984 1985 1986 1987

1

0.80 1

0.81 093 1

0.83 085 097 1
0.76 0.77 094 098 1

Table 5-22 Factor loadings of the inter-provincial

Year

1983 1984 1985 1986 1987

Factor loading 0.887 0.921 0.986 0.983 0.943

o -0.886 to -0.648
o -0.648 to -0.438
-0.438 to -0.169
-0.169 to 0.987
0.987 to 3.006

Figure 5-14 Typical spatial pattern of inter provincial in-migratkm rates based on factor
Fsn, in China
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the east and north of China have high inter-provincial in-migration rates. These regions
include Beijing, Tianjin, Hebei, Liaoning, Shanghai and Jiangsu in the eastern
economic zone, Inner Mongolia and Jilin in the middle economic zone, Ningxia and
Xinjiang in the western economic zone. On the other hand, Zhejiang and Guangxi in the
eastern zone, Henan, Anhui and Jiéngxi in the middle zone, and Yunnan in the western
zone have low inter-provincial in-migration rates. This pattern is different from the
pattern based on the in-migration factor F;» which includes both inter- and intra-
provincial migrations for the period 1980-1987. Their difference lies in the effects of
intra-provincial in-migration rates.

5.6 The trend and the stability of population distribution 1957-1990
This section discusses the population distribution trend and stability in period 1957-
1990 in terms of population density. Regional population density data for 1957, 1965,
1970, 1975, 1980, 1985 and 1990 are used. All spatial series except 1957 consist of 29
mainland provinces. The population density of Ningxia in 1957 is not available so that
there is only 28 samples in 1957. All data are used in the set A calculation. The same
group of 28 samples except Ningxia is used in the set B calculation.

Figure 5-15 shows the trends in regional population density in China in the period
1957-1990. Population density has been increasing in most regions over this period.
However, there is little change in the ranks of regional population density. Shanghai
remains the region with the highest population density while Tibet, Qinghai and
Xinjiang have the lowest population density.

Table 5-23 presents the coefficients of variation of population density. The trends of
the spatial variation of set A and set B are quite similar. According to set A result,

Table 5-23  Coefficients of variation of the regional population density

A (29 samples) B (28 samples )

Mean Standard  Coefficient Mean  Standard Coefficient

deviation  of variation deviation of variation
Year - (%) (%)
1957a 179 212 118.4 179 212 118.4
1965 219 321 146.3 225 325 144.1
1970 237 315 133.0 244 319 131.0
1975 263 325 123.6 270 328 121.7
1980 279 346 123.7 287 350 121.9
1985 297 367 123.6 305 371 121.9
1990 324 402 124.2 332 407 122.5

Note: a 28 samples in set A
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the coefficient of variation of population density increased from 118.4% in 1957 to
146.3% in 1965, decreased to 123.6% in 1975 and changed little afterwards. The
spatial variation of population density is five to ten times more than those of birth rate,
death rate and natural increase rate. The spatial variation of population density increased
from 1957 to 1965 probably due to the rapid increase of population density in Shanghai
in that period. It decreased gradually in period 1965-1975 as some developed regions
with high population density slowed down their population growth rates. The spatial
variation of population density has changed little since 1975 as the decline of fertility
spread into other parts of the country.

Table 5-24 presents the correlation matrices of population density. It seems, as
expected, that the spatial pattern of population distribution is stable as spatial series of
population density are correlated significantly. The spatial pattern of population density
is much more stable than any of the other spatial 