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Chapter 1
Introduction

1.1 The Purpose and Outline of the Study

This study is an application of input—output analysis to the case of structural
change in China. The purpose of the study is to examine thoroughly the changes in the
structure of the Chinese economy accompanying rapid growth in the past decades.
This book is therefore aimed at making a substantial contribution to the understanding
of the changes in the Chinese productive fabric, and of economic growth, since the
beginning of the economic reforms pertaining to the industrial sector in China.

In 1978, China implemented progressive economic reforms aimed at the gradual
transition from a planned economy to a market economy. The reforms had huge effects
on the economic development of China. During the past three decades, China sus-
tained high economic growth rates: while the annual average growth rate of GDP reac-
hing 9.8 percent, the annual average growth rate of GDP per capita reached 8.7 per-
cent over the period from 1978 to 2012. © With the rapid growth of the economy, the
changes in the economic structure have taken place in many aspects obviously. Con-
sequently, the share of the primary sector in GDP decreased from 28.1 percent in
1978 to 10.1 percent in 2012. Conversely, the share of the tertiary industries in-
creased from 23.9 percent in 1978 to 44.6 percent in 2012, @ In the meantime, the

pattern of consumption has also changed with the increasing income. For example,

@@ China Statistical Yearbook, 2013,
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the ratio of urban per capita annual expenditure on food and clothing to total con-
sumption decreased from 67.6 percent in 1990 to 47.2 percent in 2012.9 These changes
indicate that the Chinese economy is undergoing a massive structural transformation.

A systematic and quantitative examination on the changes in the structure of the
economy is therefore required to obtain a better understanding of structural change in
China. There are two factors making it possible; one is the publication of a series of
input—output tables of China; another is the development of the input—output model
tools on structural change analysis.

This study will therefore exploit well established techniques of input — output
structural change analysis, such as structural decomposition technique, linkage anal-
ysis, and biproportional filter method, it will provide some extensions and modifica-
tions to these techniques, and it will analyse the tendency of structural change in Chi-
na. The study begins with a clarification of the concept of economic structure and with
a basic description of the methodology in the next two sections of this chapter. Section
4 of this chapter introduces the input—output data of China. A literature review will be
presented in the last section.

The organisation of the material by chapters is as follows. Following this intro-
duction, Chapter 2 deals with the measurement of structural change. An index will be
adopted to measure the extent of structural change. The sizes of the growth rates of va-
rious sectors of an economy over a certain period reflect the direction of structural
change in the economy. A brief description of the general structural change will be
given in the chapter using the input—output data.

Chapter 3 examines the sources of output change of China by using the structural
decomposition analysis. The method involves breaking down the economic structure
into various determinants. The various decomposition methods are illustrated and sum-
marized. A comparison of the results derived from various decomposition forms will be
carried out. The step—average decomposition method will be applied to the case of
China in this chapter.

Chapter 4 deals with the biproportional filter method, which implies examining

structural change in intersectoral interactions by decomposing the changes in interme-

@ China Statistical Yearbook, 2013.
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diate flow matrices at the different points in time. Methodology and recent improve-
ments will be reviewed in detail in the chapter. The one—stage and two—stage methods
of the biproportional filter will be illustrated and applied to the case of China.

Chapter 5 discusses the well—established concepts of backward and forward link-
ages which are important measures of intersectoral interdependence in terms of struc-
tural change. Having a special significance in all measures of input—output analysis,
these methods have been thought to be the most useful tools in economic policy deci-
sions and in development strategy studies. Four established ways of measuring back-
ward and forward linkages are introduced in detail and some modifications on the
linkage measures are made in this chapter. The differences between the results of the
various linkage measures will be discussed. ‘ Key sectors’ for China will be highlight-
ed using various measures.

Finally, Chapter 6 contains the conclusions of the study. These are of two kinds:
the first is on the methodology. An examination is made of the extent to which some of
the measures that have been considered are superior to others. The second set of con-
clusions derives from the empirical results of the preceding chapters. It is an attempt
to summarize the trend and degree of the changes in the Chinese economic structure

during the period considered.
1.2 Economic Structure

In the very beginning of the study, it is necessary to clarify the concepts of eco-
nomic structure and structural change used throughout the study. The analysis of
structural change has a long tradition in economic studies, especially, in development
economics. Since Kuznets’ work (1951) on modem economic growth, structural
change and economic growth have been the main issues studied in the area of devel-
opment economics. The concepts of structure and of structural change were proposed
under different aspects in the field of development economics. The most common
usage of the word “structure’ refers to the relative importance of productive sectors in
an economy in terms of development. Kuznets (1959) defined structure as ... a rel-

atively coherent framework of interrelated parts, each with a distinctive role but har-

nessed to a set of common goals”.
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Quantitatively , structure refers to some ratios of economic variables considered,
which are derived from technological relations. Input—output coefficients, e.g. the
share of overall output, input coefficients, etc, are examples of it. These ratios of va-
rious variables reflect the sectoral composition of economic activities, which depict
the structural characteristics of the economy studied. The changes in those ratios indi-
cate the extent and trend of structural change during the process of economic develop-
ment of the developing and developed countries.

The principal changes in the economic structure are the shifts in the sectoral
composition of economic activities focusing on the use of production factors, and the
changes in the location of economic activity. The former is about how industrialisation
performs, in other words, industrialisation is one part of the central process of struc-
tural change in an economy. The latter reflects the process of urbanisation.

The scope of this study is restricted to the change in the sectoral composition of
economic activities, i.e. the shifts in the sectoral composition of demand, production,
and trade, which are described as the economic core of the transformation ( Chenery
and Syrquin, 1986). The changes in sector proportions are reflected by a variety of
models. Such a change in the relative importance of sectors is defined as structural
change’. Structural change is at the centre of modern economic growth. The interrelat-
ed processes of structural change that accompany economic development are jointly

referred to as the structural transformation of an economy.

1.3 Methodology

Input—output analysis is a versatile tool with a broad range of applications to va-
rious issues. Over the years and since the inception of input—output analysis, this tool
has been widely applied to examine the structural change in an economy, and to dis-
close particular characteristics of the economy represented by various input—output ta-
bles. In the past half-century, input—output techniques have been developed in many
ways. Particularly in the study of structural change, many methods have been pro-
posed. These methods strongly support the empirical studies on structural change. As
implied by the title of this study, the purpose of the study is to examine the changes

in the economic structure of China with the help of input—output techniques. There-

“ 4.
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fore, some common methods of input—output analysis will be used in this study.
These methods are based on basic, open, and static input—output models. In order to
understand better the various methods used and to define the concept of structural
change within the framework of input—output analysis, it is necessary to recapitulate
its simple theoretical outlines in concise quantitative terms. Following is the
description of the demand—driven and supply—driven input—output models adopted in
the study, as well as of the corresponding typology that will be frequently quoted in
the following chapters.

The starting point for input—output techniques is to view any national economy as
a system of mutually interrelated sectors. These sectors purchase various inputs that
are used in their production process, and sell their outputs to various purchasers.
Therefore, there are many streams of goods and services in the economic system,
which directly or indirectly link all the sectors of the economy one to another. These
flows can be observed and described in quantitative terms ( Leontief, 1953).

Let:w, be the amount of products of sector i purchased by sector j;

x; be total domestic annual output of sector ;

y; be total final demand for sector i’ s products, which consists of consumption,
fixed capital formation, inventory, and net exports;

v; be the value—added resulting from the production process in sector j.

Certain derived measures used in the subsequent analysis are described as fol-
lows :

a; is the input of sector i’s product per unit of output of sector j , or

w

i

a; = (L.1)

by =~ (1.2)
X

The relations between different categories of variables separately identified in in-

put—output tables can be described as follows:

ax, +y, =x fori=1,2,--,n (1.3)
=1

n
=1 J

and
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;wij+vj=xj or ;bljxi+vj=xjforj=l,2,---,n (1.4)

These two relation equations allow one to present the above various variables in

an input—output table as follows:

Wy, Wy =00 Wy, Y1 X
Wy W Wiy Y %
: (1.5)
Wy e wnj e W, Yn X,
v, v; v,
EZREETE A |

This basic input—output table includes three quadrants: Quadrant I is the left—
top square matrix {w,} , also called intermediate flow matrix, which reflects the in-
tersectoral transactions in the production processes. Quadrant II is at the right—top of
the table and corresponds to the vector {y,}, which is a final demand vector
including consumption, fixed capital formation, etc. Quadrant IIT is represented by
the left—bottom row vector {v;} , which shows the primary inputs (value—added) of
each sectors, including tax, wage, and profits, etc.

The row sum of an input—output table is always equal to the column sum for any
industry k, reflecting the equality between the value of output and the overall inputs

of production. Thus,

Zwkj +y, = Zwik +o,fork=1,2,--+,n (1.6)
j=1 i=1
The separate terms of distributed output and the input are not equal for any given
industry k.
¥, #v, and Zw,q-?é 2“’.‘& (1.7)
=1 i=1

However, there is equality between the sum of gross outputs and the sum of

gross inputs,i.e. ,

n n

2 w.-,-+2y.-=22w.~,-+20, (1.8)
1 i=1 1 i=1 j=1

i=1 j= j=
So, the sum of final demand and the sum of value —added of all sectors are

e 6.
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equal ;

Zy,-= Zvj (1.9)
i=1 j=1

The above description of relations between various input—output variables can be
facilitated by using matrix algebra. Thus, the set of equation (1.3) and equation

(1.4) can be rewritten in terms of matrix notation as:

Ax+y=x (1.10)
and
x' B+v=x (1.11)

Where, x is a column vector of gross output; x' is a transpose vector of x; y is a
column vector of final demand; v is a row vector of value—added ( primary inputs) ; A
is a square matrix of input coefficients; B is a square matrix of output coefficients.
The equation (1.10) is called as demand—driven input—output model, also referred
to as the Leontief model, with fixed input coefficients. The relationship between
output and demand is a linear one, in which total output of each sector is composed
of intermediate demand and final demand. The variables are the output x and the final
demand y, which are related by the matrix of input coefficients A. If the actual values
of the input coefficient matrix A are known, then the structure of this input—output
model is known, given by the equation (1.10). Accordingly, this model reflects not
only the input structure of the economy, but also the relationships between the struc-
tures of output, final demand, and production.

Equation (1.11) is called as supply —driven input—output model with fixed
output (or allocation) coefficients, which was primarily proposed by Ghosh (1958).
The total output of each sector of the supply—driven model is indicated as the sum of
intermediate inputs and value — added. Thus, this model reflects the allocation
structure of the economy and the relationship between the structures of output and
value—added in terms of product supply.

If we consider y as an independent variable, x as a dependent variable in the in-
put—output system, then from equation (1.10), output x can be expressed in terms
of y.

x=(I-A)"'y or x =Gy (1.12)

Where the matrix G = (I-A) ™", known as the Leontief inverse, plays a key role

L7
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in input—output analysis. The matrix consists of coefficients g, which can be defined
as measuring both the direct and the indirect requirements of sector i per unit value of
final demand y,. Thus, an economy’s total requirements in the output of sector i de-
pend on both the structure of final demand and the technology prevalent in the econo-
my.

Similarly, if we consider the value—added vector v as an independent variable
then x can be solved from equation (1.11). We have,

x' =v(I-B)™" or x'=vZ (1.13)

The matrix,Z = (I-B) ™", can be called as output inverse, which is also an im-
portant coefficient matrix. This relation indicates that the total production of an econo-
my relies on the structure of the product allocation in the economy.

It is noteworthy that there still exists some debate on the application of the sup-
ply—driven model and the stability of the coefficient matrices ( Oosterhaven, 1988,
1989; Gruver, 1989; Rose and Allison, 1989; Dietzenbacher, 1992). Oosterhaven
(1988) argued that “only under conditions of very uneven sectoral growth can one
except a significant difference in stability between the two sets. Formally, if one set of
coefficients is stable and the other set is not”. The writer suggested that if the empiri-
cal results were carefully interpreted, i.e. if they were not formulated in any casual
way, the use of equation (1.13) and its derivatives might shed some light on differ-
ences in economic structure between regions and nations, and on differences in for-
ward linkages between sectors. Dietzenbacher (1992) used the supply—driven model
to measure forward linkages. In his works, the production denoted by the supply -
driven model was interpreted as satisfying final demand, either directly in the first
round or indirectly in any of the following rounds, through viewing the row sum of
output coefficient matrix B as the share of output that remains within the production
process.

In this study, the economic structure of China will be examined on the basis of
the input—output framework described above. The reasons for doing so are that it has
three advantages that make them particularly well suited to analysing structural
change. First, the data are unusually comprehensive and consistent. The tables cover
every industry in the economy, including the services sectors which are frequently

poorly represented. The tables are linked with many of the traditional indicators of

. 8-
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economic performance such as production and GDP. So input—output table frequently
plays a fundamental role in the construction of the national accounts. Second, the na-
ture of input—output analysis makes it possible to analyse the economy as an intercon-
nected system of industries that directly and indirectly affect one another, and to trace
back structural changes through industrial interconnections. Third, the design of in-
put—output table allows a decomposition of structural change which identifies the

sources of the change as well as the direction and magnitude of the change ( OECD,
1992).

1.4 China’ s Input—Output Tables

The earliest attempt to construct national input—output tables in China can be
traced back to the 1970s. The first national input—output table of China was for the
year 1973. It was based upon the Material Balance System (MPS) and it was ex-
pressed in physical units. In the 1973 table, there are 61 sectors in the first
quadrant, of which six sectors are in agriculture, 53 sectors are in the manufacturing
area, one each in transportation and construction. There are two tables for 1979 ; one
is updated from the 1973 table by means of the RAS method®; another is a roughly
estimated input—output table, which includes 21 sectors in the first quadrant, and
where all the information is given in producers’ prices. There are also two input—out-
put tables for 1981, which are based on the MPS. One is in value terms and includes
26 sectors in the first quadrant, while the other is in physical units and includes 146
key products. On the basis of the 1981 tables, the 1983 input—output table compiled
by the State Statistical Bureau (SSB) of China in 1984 includes 22 sectors®.

It is worthy to mention that the 1987 input—output table is different from the pre-
vious tables. The 1987 table is the first one based not only on the System of National
Account (SNA), but also on the data of the input—output surveys. It includes 118
sectors in quadrant I, and it is in current producers’ prices. Since the 1987 table,

China’ s government decided to compile a national input—output table every five

(@D  All details on the RAS method will be given in Chapter 4.
@ For details, see Chen (1991).
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years, which is based on the data of surveys and on the SNA. The government also
decided to construct an expanded table between the two tables based on the surveys.
So far, there are five national input—output tables based on surveys for 1987, 1992,
1997, 2002 and 2007. These tables, based on the same accounting system, i.e. the
SNA, have a very similar classification of sectors. Thus, they are comparable. These
five tables will therefore be chosen to form the database in this study in order to ex-
amine structural change in the Chinese economy. Next we describe briefly the basic

structure of these chosen tables and the main classifications of the sectors used in this

study.
Tablel.1 the contents of input—output table of China
o =
8 - | & § = £ | = s
2515 E|5 £z K H
Sector 1 Sector 2 g ‘é:‘;_ é g' g E- & g g §_ £ ’g
Sector n . _g 2‘ £ 2 '5 g g2 g 2
ectol = @ 3 2 | = 3
£ 2 |« 8 S|8 |2 2
=: 3 5 o 3 S E -~ Fe -
Sector 1
Sector 2 Quadrant 1; Quadrant I1; =
Intermediate flows Final demand g
Sector n
Primary inputs Quadrant I11;
(or value—added) Primary inputs
Total input Input

As in the case of the basic, open input—output tables, the central part of the
Chinese input—output table in value terms is a three—quadrant table of transactions or
flows, which describes the interrelations among various segments of the economy.
Quadrant I is the intermediate flow matrix (or inter —industry transaction matrix ) ,
which includes n sectors. Quadrant II is the final demand quadrant, which includes
five sectors, Consumption, Fixed capital formation, Inventory, Net-—exports, and
Others, and Quadrant III is the primary inputs (or value—added) quadrant, which

shows depreciation and factor payments (labour income, profits, taxes) originating in

.10 -
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each of the producing sectors. Table 1.1 shows the contents of a modern and typical
input—output table for China.

It is necessary to state the classification of sectors used in this study, because
the different industrial classification would more or less affect the results calculated in
practice. If the classification was rather broad, this would result in some important
characteristics of structural change in the economy being undiscovered. Conversely, a
very detailed classification would increase the amount of computing work. According
to the situation of the input—output tables of China, the classification into 37-sectors
is comparably suitable for this study. Thus the 37-sector tables for those years consid-
ered will be chosen in the following applications. In addition, in order to disclose the
characteristics of structural change by main sectors, the 37 sectors are grouped into
six main categories, i.e. Agriculture, Mining, Manufacturing, Power, Construction,
and Services. Mining refers to four mining industries. The manufacturing sector refers
to an aggregation of 16 industries whose outputs are broadly grouped as manufacturing
and processing. The power sector refers to an aggregation of Electricity, Gas, and
Water. The services sector refers to an aggregation of 12 industries whose outputs are
primarily used as consumption. The contents of a sector’ s labels and the correspond-
ing classifications are shown in Appendix A. These classifications and labels will be

used throughout the study.

1.5 Literature Review

Methodology

Since Leontief’ s work on input—output analysis, several measures derived from
input—output tables have been common tools for analysing structural change in various
countries. The availability of input—output tables in many countries, or at different
points in time within a country, makes it possible to analyse the change in the struc-
ture of an economy by comparing the change in input—output coefficients.

In the early days, attention was paid primarily to the comparison of different
countries on the basis of summary measures of input—output tables or coefficient ma-
trices. Comparing a situation at two points in time, Leontief (1951) developed the

index of relative change which is defined as the difference between two input coeffi-

«11 -



