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Preface

Model life tables provide an important tool for studying demographic problems and
forecasting population development as patterns of mortality change. In intermational demo-
graphic studies, mortality in the population of China has received very little attention.
Neither the model life tables developed by the United Nations in the 1950s nor the regional
model life tables developed by Professor A.J. Coale have been applied to the life tables of
China. Fragmentary mortality data from the populations of Taiwan and Hong Kong are
nowhere near enough to represent most of the People’s Republic of China. Although the
model life tables for developing countries constructed by the United Nations in recent years
have incorporated mortality data from the Far East areas, none of these life tables are from
the mainland of China. It is important to include China, with more than one fifth of the
World’s population, in such analyses.

Before the 1950s China did not collect demographic mortality data in a nationwide
coordinated manner. Since the founding of the People’s Republic of China, some age-
specific mortality data have been available through registration of vital data. In general,
most of these data are believable, although the number of deaths at some ages, especially at
. the youngest ages, are obviously under-registered. In addition, the data were not fully
representative for all sub-regions. From 1973 to 1975, a large scale survey of deaths due
to cancer was conducted by the Public Health Ministry to investigate the causes of specific
montality rates for the whole of China. Statistical data which were quite representative of
the general mortality characters for each region were collected for the first time. These
survey data had deficiencies, however, and certain reservations were expressed by medical
and public health .statisticians on the reliability of the results. Nevertheless, in comparison
with the previous situation, these data obviously constituted some progress.

The population census conducted in 1982 provided valuable statistical material
~ concerning mortality. This was the first time in China that information on deaths in the
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whole country was collected. Specific appendices were used to record detailed personal
materials relating to the deaths. After the census, 2 sample survey was conducted to test the
quality of the data and proved that the reliability of the mortality data was very high, This
provided a solid basis for studying demographic changes and socio-economic development
in China and also for filling in 2 void in information available to international scholars of
demography. The China Classified (Regional) Model Life Table Compilation Committee
was established in 1984. Mr. Chengrui Li, who was the director of the
administrative office of the third population census under the State Council and head of the
State Statistical Bureau, was the chairman of the compilation committee, which consisted of
experts and personnel in relevant departments. First of all, according to a unified
procedure controlled by the third population census office under the State Council of
China, 3136 original life tables (half for males and half for females) were established by
local population census offices and electronic computer centers of various provinces,
autonomous regions and municipalities. Using the material from the census, sample
survey and vital registrations, Professor Zhenghua Jiang, director of the Population
Research Institute of Xi’an Jiaotong University, and Mr. Jiyu Luo, associate chief engineer
of the electronic computer center of the Sichuan Provincial Planning Economic Commis-
sion were in charge of the compilation technique for the modet life tables. The Population
Research Institute of Xi’an Jiaotong University and the computer center of Sichuan Provin-
cial Planning Economic Commission cooperated in the detailed calculations. In the process
of compilation, the original life tables for each region of China were given a quality assess-
ment and careful screening. 1926 tables (half for males and half for females) passed the
evaluation and became the basis for the classified (regionai) model life tables. The basic
data in these tables came mostly from China’s population census in 1982. A few of the
tables came from earlier survey data, such as vital registration data and the cancer survey
from 1973 to 1975. By mathematical processing and analysis of a large part of the original

data, the patterns of mortality for the Chinese population could be classified into five
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families. This classification is quite consistent with regional social and economic character-
istics, as well as nationality and other conditions, and also provides a reliable demographic
basis for further research work in various fields.

360 model life tables in five “families” (i.e. categories) are listed in this book, of
which 180 tables each are for males and females with life expectancies ranked from age 40
10 75. The five families include: I. South-west China, II. Middle and East China, III.
North China, IV. North-east China, and V. Xinjiang astonomous region. An appendix
regarding the use of the model life tables is attached for the users’ convenience. Software
applications have been developed as well. From a life table for a certain area, the software
may be used to identify the mortality pattern for that area and to classify it into a certain
family. GiQen the pattern of mortality and one of the parameters of the life table for a cer-
tain area (such as life expectancy at certain age, infant mortality rate, etc.), a corresponding
life table may be produced.

The development and compilation of the China classified (regional) model life tables
has taken four years. The preliminary version of the model life tables was developed in
1987 and the compilation committee invited experts from relevant departments to evaluate
the output in Beijing on March 17 of that year. Experts and professors from the Technical
Economy Social Development Center under the State Council, the 710 Institute of Aviation
Ministry, the Applied Mathematics Institute and the System Institute of the Chinese Acad-
emy of Sciences, the State Statistical Bureau, the Medical Research Institutes, and other
related agencies gave an affirmative evaluation on the preliminary version of the China
classified (regional) model life tables and made several suggestions. After the meeting,
improvements were made according to these suggestions. On December 26, 1987, the
compilation committee of the modet life tables invited experts from relevant units to make a
formal appraisal of China classified (regional) model life tables in Beijing. Experts and
professors from the Applied Mathematics Institute of the Chinese Academy of Sciences, the
Beijing Medical University, the 710 Institute of Aeronautical and Space Ministry and the
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State Economic Information Center and other agencies, 12 units altogether, participated in
the meeting. Seven experts and professors were invited to act as an appraisal committee
headed by Professor Shouren Wang. Members of the appraisal committee and relevant
experts directed questions which were answered by the working group The appraisal com-
mittee then met and reached a unanimous conclusion that the reliability of the original data
selected for establishing the China classified (regional) model life tables is quite high, the
technique applied in the research is rigorously scientific, and is original compared to meth-
ods used by foreign countries. The appraisal certificate given by the appraisal committee is
included in the first part of the book.

In the process of developing and compiling of the China classified (regional) model
life tables, we enjoyed energetic support and assistance from population census offices,
electronic computer centers (stations) and vital registration agencies of various provinces,
autonomous regions anci municipalities, the Public Health Ministry and Tumor Research
Institute, etc. The model life tables compilation committee and development working group
wish to convey to these officials our sincere thanks.

In the short history of collection of mortality data in China, there has been rapid
change in the socio-economic conditions of our country. China classified (regional) model
life tables may, therefore, be somewhat inadequate to reflect some prosperties of the
mortality of the Chinese population. Users are welcome to offer criticisms, comments and
suggestions. As more mortality data become available, we intend to further revise and
improve these model life tables.

Li, Chengrui
Director of China classified (regional)
model life table compiiation committee

August 15, 1988
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Certificate of Appraisal for the
Classified (Regional) Model Life Tables

Research and Established by:
The Leading Group Office of the Third Population Census under the State Council
of China.
The Population Research Institute of Xi’an Jiaotong University.
The Computer Center of Sichuan Provincial Planning Commission and Economy

Comrmission.

The Appraisal Comemnittee was organized by:
The State Statistical Bureau of China. Date of Appraisal: December 26, 1987.

A. Brief introduction to the research on the classified (regional) model life tables of China.

a. The classified (regional) life tables of China include five families of sex-specific
life tables basically classified by regions. The corresponding regions for these families
were given as follows:

The first family: South West China, the second family: Middle and East China, the
third family: North China, the fourth family: North East China, the fifth family: Xinjiang
autonomous region.

The outputs of the research provided to the appraisal committee were: printed
tables, data on magnetic disk, technical and users’ manual, related applications software.

b. The raw materials used for developing the classified (regional) model life tables
are 3136 sex-specific life tables(1) compiled from the 1982 population census by census
offices and computer centers of different provinces, autonomous regions and municipal-

ities. Raw materials also include the sample survey data collected since 1958 and 50 life



tables(2) compiled from data of the nation-wide cancer survey conducted in the period from
1973 to 1975.

¢. The research that produced the model life tables was divided into three stages:
cluster analysis; model building and parameter identification; establishment of the model life
tables. The cluster analysis was used to determine the geographical classification of the
pattern of mortality in China by identifying the mortality patterns of the original life tables
and to give the changes by age-specific rates corresponding to the different levels of mortal-
ity. The corresponding technique for the formal problem is cluster and model life tables --
to form the centers for different mortality families. The well-known Logit transform was
applied primarily for clustering. The parameters & and B in Logit transform represent the
level and pattern of mortality separately. Taking L(1,) as the Logit transform of life table

parameter 1, then L(1)=a + B-L(lr), where L(l:) represents the Logit transform of a

standard life table pararneter 1:‘. The concentration of the parameter P illustrated the gross

-

classification of the huge amount of the original life tables. The average of each group of
life tables gives the primary center of the corresponding mortality family. According to the
principle of minimizing the Euclidean distance of the analyzed life table to the center of the
member family and maximizing the Euclidean distance of the life table to centers of other
families, the classification of families of life tables was completed. The method modified
by the authors is called the optimized K mean method. Finally, geographical distribution of
the original life tables in different families was tested and few original life tables inconsis-
tent with the geographical distribution were detected. In this way, the centers of the
families could be formed with each family and center corresponding to specified regional
character.

The model developed in this research was:

A o (Co+CiTy +CaTH q.
Clt— o+ CiTq 2t)q1.
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where q:‘ and ; are the parameters of the standard life table and that of the identified life
|

table. The model has an excellent character of equal first three moments for the identified
and original life tables. Moreover, the procedure to calculate parameters Co Cy, and Cs, is
simply to solve linear equations.

Fitting smoothing curves to identified parameters Cp, Cy, and Cy, the parameters
corresponding to integer live expectancy at birth of 40 to 75 years. Applying the model
mentioned above again, the model life tables could be easily established.

d. The research project began in June 1984 and ended in September 1986. The
project was supported and financed by the Office of the Third Population Census Leading
Group under the State Council of China. The Population Research Institute of Xi’an
Jiaotong University and the Computer Center of the Planning and Economy Commission
of Sichuan Province have done the research work jointly.

e. The Research of China Classified (Regional) Model Life Tables was a large-
scale application of the 1982 China population census data. None of the five model life
t.';lbles published previously made use of Chinese data in the research process. However,
China is a huge country with great differences in sub-regional geographical, socio-
economic conditions. It is essential to establish China classified (regional) model iife tables
using Chinese data. The mode] could be applied in demographical analysis, population
projection and planning in different sub-regions. The research also enabled different pop-
ulation survey data to serve socic-economic construction of China in wider and deeper

ways.

Note: (1) Collected by the Office of the Third Population Census under the State Council
of China and the Computer Center of the Planning and Economy Commission of Sichuan
Province.

(2) Compiled by the Cancer Research Institute of the Medical Academy of China.
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B. The Minutes of the Appraisal Commitiee of ““China Classified (Regional) Model Life
Tables”

Referring to the compiling Committee of China Classified (Regional) Model Life
Tables, the Appraisal Committee had tested the research output of the project “China
Classified (Regional) Model Life Tables” in Beijing on 26 December 1987 and accepted the
summary report of the working group. The members of the Appraisal Committee and
related specialists raised points for argument and discussion, and reached the following
conclusions:

The research on the relationship between the levels and patterns of mortality is
closely related to work in many fields. Although research in this aspect has been done in
other countries several times, none of these made use of original Chinese data. This leads
to a relatively high error in China’s population projection and data analysis by applying
indirect methods to determine the effects of the change in mortality level on the population
age and sex structure and other related socio-economic problems. This is the first
opportunity to establish the China Classified (Regional) Model Life Tables successfully.
The research filled an important gap in China population studies. The outputs of the
research has supplied a reliable basis for the research in the fields of demography,
education and health care, and will attract the attention of population scholars everywhere.

The original data used in this research are of high reliability due to the strict
selection procedure. Thus, the compiled life tables can be usefully applied. The census
data of one billion popuiation and other historical materials were tested. As a result, 963
original life tables were accepted for each sex. A lot of machine time was spent and
researchers from different departments and academic fields cooperated to analyze the data
and compute the outputs. The large scale of the research was rare in the world. The
methods applied in compiling model life tables were strictly scientific. Comparing it to
similar work abroad, the research has a unique character of its own and is of excellent

quality.



The research mainly used the 1982 population census data. The committee
suggests that a revision be made when more new data become available in the future so that

the results could be applicable to new situations. It is also necessary to publish related

computer software as soon as possible so that application of the methods can become

widespread.
The Appraisal Committee of “China Classified

(Regional) Model Life Tables”
26 December 1987

C. The conclusion of the State Statistical Bureau of China agrees with the conclusion of

“China Classified (Regional) Model Life Tables” made by the Appraisal Committee.

20 December 1987
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D. The List and Signatures of the Members of the Appraisal Committee to “China

Classified (Regional) Model Life Tables”

Name

Chairman Wang’Shouren

Vice Chairman ~ Yu Jingyuan

Members Li;ﬁanlin
Xu,Shaoyu
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Li’Huijing

Zhang’ Dayang
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Research Institute
of Science

710 Institute of the
Aviation Ministry

Beijing Medical University
Population Research
Insttute of Beijing
Economy School
Population Statistical

Department of the State
Statistical Bureau

Economy Research Institute
of the State Planning
Commission

State Economy Information
Center
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Research Fellow
(Professor)

Research Fellow
(Professor)
Professor
Associate Research
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Associate Professor

Associate Research
Fellow

Senior Engineer
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Life Tables”
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Shen,Yiming
Wang’Shourcn
Yu’Iingyuan
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Xu,Shaoyu
Wang,Sulin
Xiao’ Zhengyu
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Xing,Ying
Sun Dagi

Wang’Guoyi

Working Unit

State Statistical Bureau
Population Research Institute of
Xi’an Jiaotong University

Popuiation Statistical Department
of the State Statistical Bureau

Applied Mathematics Research
Institute

710 Institute of the Aviation
Ministry

Beijing Medical University

Population Research Institute
of Beijing Economy School

State Economy Information Center

Title, Post

Formal Director
and Professor

Director and Professor

Director
Research Fellow

Research Fellow

Professor

Associate Research
Fellow

Assoctate Research
Fellow

China Population Information Center Senior Statistician

Popuiation Research Institute of
The Social Science Academy
of China

Population Research Institute of
the Chinese People’s University

Population Statistical Department
of the State Statistical Bureau

Economy Institute of the State
Planning Commission

Economy Information Center
of Sichuan Province

State Economy Information Center

Population Research Institute of
Beijing University
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Associate Research
Fellow

Associate Research
Fellow

Deputy Director of a
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Lecturer



Name
Yao, Keqin

Wang,Renan

Li,Nan
Wang’Shouxiang

Li,Bohua

Yao,Fcng

Working Unit Title, Post

Planning and Statistical Department ~ Chief Doctor
of the Health Ministry of China

Beijing Medical University Associate Professor

Population Research Institute of Ph.D. Student
Xi’an Jiaotong University

Population Statistical Department Deputy Director
of the State Statistical Bureau of a Division

China Population Information Center

State Economy Information Center
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The Technical Description of the Establishment of the
Classified (Regional) Model Life Tables for China

I. Cluster Analysis on the Original Life Tables

1. The Principles for Cluster Analysis on the Original Life Tables

It is generally accepted that the level and pattern of mortality is basicaily determined by
the biological condition of the population living in a certain area. However, mortality is also
strongly affected by external factors like socio-economic condition, health and medical care,
cultural background, environment, etc. Along with increasing social development, age-
specific death probabilities for all ages in an area will decline. Figure 1 gives the curves of
age-specific death px:obability rates corresponding to different stages of development in a
population. They are a set of uncrossed curves shifting gradually from a J shape to a U
shape. Obviously, the curves which represent higher life expectancy and lower mortality are
closer to the horizontal axis and correspond to a higher level of social development. The
curves far above the horizontal axis represent a lower life expectancy and higher mortality,
and correspond to a lower standard of social development process. If a family of mortality
probability curves given in figure 1 has similar shapes and do not intersect one another, we
say that the family of curves has the same pattern but different leveis of mortality. Different
populations with great differences in socio-economic and demographic conditions may differ a
lot in age-specific death probabilities, even though they have the same life expectancies at
birth. In this case, the mortalities of the populations are said to be at the same level but to
have different patterns. The mortality pattern and level could also be presented in terms of
survival probability, A family of survival probability curves corresponding to the death
probability curves of figure 1 is illustrated in figure 2.

China is a populous country with many races. There are big differences in culture and
social customs among different races and regions. The mortality conditions may also differ

from region to region due to the differences in geographical environment and economic
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development. To populations living close together, the factors that determine mortality are
more or less the same, so that the patterns of mortality in these regions should be about the
same. To populations living in regions far apart, the factors determining mortality may differ
a lot, so that the differences in the pattern of mortality may also be great. This suggests that it
should be possible to divide China’s population into several groups according to the pattern of
mortality in geographical areas. Small populations within a larger area may have a pattern of
mortality which differs from that of the majority of the surrounding population. In this case,
these small groups will be classified as belonging to other families. The purpose of doing
cluster analysis on the original life tables was to identify several different families of mortality
pattern from the mixed original tables. Each family of life tables represented a pattern of
mortality typical to a certain region of China. The results of the cluster analysis could be

applied to decision analysis and research in socio-economic and other fields.

2. The Cluster Analysis Method

Both the survival probability rates and age-specific death probability rates could be
used in cluster analysis of the original life tables. The classification procedure was divided
into two stages and tested by graphical and computational methods. The Logit transforma-
tion was applied for preliminary classification. According to W. Brass, if two life tables
are expressed by age-specific survival probability rates (11, 15, 13, ..., 1) and (1 : 1;,

13, . 1), the following relationship can be used:
£
Logit (1) =o+BeLogit(l) (1)

i-1,2,3,..,n

where Logit is a function defined by
Logit (x) =0.5 In .

Here o and { are constants which can be found by the following procedure:
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According to formula (1), we have
*
Logit (1}) = a + BeLogit 1)

Logit (1) = o+ BeLogit (1,)

*

Logit (1) = o + BeLogit (1)

By the minimum least equal error method, we have

n
3, [Logit (1;) - Al [Logit (1) - B]
1=
B= - - ,
Z (Logit (1;) - A2
1=
and
=P —-BeA
where
S [Logit (1] n
ZylLosit 1)) T [Logit (1)]
_i=]
A= - , B= ~

Given n points [ logit (1)), logit (1)1 (i - 1,2, 3, ... n), B is the slope of the line

found by one-dimensional linear regression, i.e. tan 6 = B and o is the intersection of the line

on the vertical axis (see Figure 3).



Age

Figure 1 Age specific death probability curves

Figure 2 Age specific survival ratio curves
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Loglt(li)

)

Figure 3. Graphical illustration of the parameter identification

In this calculation, o reflects the difference in mortality Jeve] of two life tables and B
the difference in pattern of the life tables. In particular, if two life tables are exactly the same,
then we will have oo =0 and f = 1. Taking the logit transform of survival probabilities of a
set of life tables with the same level of life expectancy, as and Bs can be identified with those
of a standard life table. The differences in the pattern of mortality among these life tables can
be recognized by comparing the values of B. A life table with higher infant mortality and
lower old age mortality will produce a smaller B than a life table with lower infant mortality
and higher old age mortality, Similar patterns of mortality for two life tables will result in s
that are close together. Therefore, the parameter § can be used as a crude classification on the
pattern of mortality for a set of life tables with the same level of mortality. Since only two
parameters are used to express what is in reality a non-linear mortality curve, the classification
mentioned above is only a preliminary one. |

More accurate classification was done by applying the K-mean method with the

information from the preliminary classification. The traditional K-mean method was modified
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