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Abstract 

In this study we constructed a CGE model for the Chinese economy which is used 

to study the impacts of the economic reforms on the Chinese economy. 

The model consists of five sectors, namely, agriculture, industry, construction, 

transportation and commerce. For the supply side of the market, the individual labourer's 

supply of output is a result of applying his/her optimal effort level to the production 

process. The demand side of the economy consists of four components, namely, 

consumption, investment, intermediate demand and net export. The determination of 

private demand for consumption goods is specified as a two stage optimization model. The 

sectoral supply and private consumption functions are estimated by using the two-stage 

least squares estimator. The estimation of the supply function for the agricultural sector is 

achieved by using a recursive formula for least squares estimation with forgetting factors. 

Given the estimated supply and demand functions, the CGE model is reduced to a set of 

excess demand equations along with a price normalization rule. The solution to the CGE 

model is reduced to a problem of finding a vector of equilibrium relative prices such that 

excess demand is equal to zero in each sector. 

The estimated structure of the CGE model of the Chinese economy is used to 

conduct a simulation experiment. The experiment consists in computing a set of relative 

equilibrium prices and equilibrium outputs assuming the bonus ratio to be unity in the non-

agricultural sectors and comparing these equilibrium prices and outputs with the actual 

relative prices and outputs when the bonus ratio is equal to a fraction of profits. The results 

of the experiment show that the efficiency gain of allowing the bonus ratio to be unity is 

small. This is because no reallocation of resources is allowed in the experiment. If 

reallocation of resources is allowed, the efficiency gain is expected to be much bigger. 

vm } 



Acknowledgements 

I would like to thank my research supervisor, Professor E. Klein for his guidance 

and encouragement in the preparetion of this thesis. 

My thanks also go to Professors U.L.G. Rao, P. Dasgupta and K. Lahiri who 

read the thesis and made very valuable comments. In particular, I like to thank Professor 

U.L.L. Rao who patiently corrected my English. To him I own a permanent debt of 

gratitude. 

IX 



CHAPTER : 

Description of the Chinese Economy 

1.1 Introduction 

During the last two decades there has been an increased application of computable 

general equilibrium (CGE) models to analyze the structures of the economies of both 

developed apd developing countries. Until recently, modelling of centrally planned 

economies is undertaken either within the framework of linear programming or in terms of 

input-output analysis. However, during the past fifteen years or so, economists have 

applied the CGE models to describe planned economies and used them to simulate the 

impacts of alternative economic policies. As a case in point see, Kis, Robinson and 

Tyson's CGE model for socialist economies (1985), Robinson and Tyson's CGE model 

for the Yugoslavia economy (1987). 

The theoretical framework of CGE models is the well-known modern version of 

Walras' model of the competitive economy. Accordingly, in most CGE models reported in 

the literature, producers are described as profit-maximizers facing non-increasing returns to 

scale, consumers are utility-maximizers and inputs are paid according to their marginal 

revenue productivity and that only the relative prices of outputs are determined in the 

market. The solution of the model yields the set of relative prices which are consistent with 

feasible individual optimization wherein all markets are cleared simultaneously. 

The purpose of this study is to construct a CGE model to describe the Chinese 

economy in the post-reform period which will allow us to simulate the impacts of the 

economic reforms which are underway in China. 

I 
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1.2 China in the pre-reform and post-reform periods 

In the pre-reform period China, the Planning Commission controlled all the sectors 

in the economy by imposing production targets, allocating investment funds and 

intermediate inputs, and even allocating labour directly in physical terms without regard to 

any sort of market incentives. The essential elements which distinguish the Chinese 

planned economy from that of a market oriented economy may be enumerated as follows: 

(1) The state dominates all forms of economic activity. Most land and raw materials 

are owned by the state, and the state is the major employer of labour in the industrial, 

construction, transportation and commercial sectors. In the agricultural sector, although 

household is the basic unit of production, peasants are just members of the communes. 

Peasants work on assigned tasks in exchange for work points, which represent a share of 

the commune's net income at the end of the year. A tax is levied on the commune for using 

the state owned land. In addition, the commune is expected to meet a pre-specified quota of 

output to be delivered to th? state at some specified prices. These prices are well below the 

free market prices. 

(2) The allocation of resources and operation of enterprises is largely carried out 

according to centrally determined plans. These plans include framing of the budget, 

formulating credit plans, determining input allocations, fixing output quotas, controlling 

trade (domestic and foreign), transportation, and employment. These plans are often based 

on information or decisions made at lower levels of the economic bureaucracy, or even at 

the level of the individual firms. No matter how the plans are formulated, they reflect 

essentially the priorities determined by the planners. 

(3) Since most of the resources are state owned and allocated according to centrally 

determined plans, prices do not play an allocative role in the Chinese economy. The 

planned targets are determined as non-substitutable quantities among various firms, while 

F 
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prices play the role of an accounting function in the planned sector of the economy. In 

other words, when a gap appears between the supply and demand of an important 

commodity in the planned sector, the planner reacts by changing the planned targets, but 

not by changing prices. 

Given the above description of the pre-reform period Chinese economy, the 

traditional input-output and linear programming models are suitable for achieving the 

desired objectives of the planner by taking into account the various physical and 

technological constraints. 

In the post-reform period, China is working within the environment of a mixed 

economy in which a great deal of the economic activity is subject to free market forces. 

Since 1978, attempts have been made in China to incorporate aspects of free market 

mechanism without radically changing the central planning system. Partial reforms such as 

these, which represent an attempt to find a "third way", intermediate between a centrally 

planned economy and a free market economy, gave rise to significant changes in Chinese 

economic system. Before we embark on a detailed anal> As of these economic refonns, it is 

useful to describe them. 

Since 1978, the leadership in China has implemented a number of reforms in the 

economic system. Two particular features of the program of economic reforms that have 

already taken place have changed the Chinese economic system in a fundamental way. 

These are the contract responsibility system in the agricultural sector and the self-

responsibility for profits or losses in the industrial, construction, transportation and 

commercial sectors. 

Undeniably the most radical institutional change in the economy has occurred in the 

agricultural sector: the adoption of a contract responsibility system and the permitting of 

some households to specialize in side-line or completely commercial farming, with no limit 

placed on household income. The contract responsibility system restores, in effect, 
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household-tenant farming, with leases longer than fifteen years. The tenant's contract with 

the state includes that the peasant should produce the planned target of output included in 

the state plan. In addition, they have to meet their tax obligatior*., contribute to the welfare 

fund, and meet other obligations to the local government. The important difference between 

the pre-reform and the post-reform period is that the household is free to organize the 

resources at its disposal to produce the output required to meet its state contract quotas, and 

that it is given private ownership rights in the disposal of any surplus produced. Peasant 

households now enjoy the freedom to trade and to hire farm labourers as well. The contract 

responsibility system for agricultural production is being experimented with beginning in 

1978, and has been expanded to include nearly all production communes in agriculture. In 

general, these policy reforms have resulted in higher prices in the rural areas where the 

agricultural surplus is traded. These higher agricultural prices provided an incentive to the 

peasants to increase their productivity which led to an increase in their income and 

aggregate agricultural output. 

Impressed with the results of the contract responsibility system in agriculture, 

reforms with a similar purpose have been introduced in the industrial, construction, 

transportation and commercial sectors. A new profit retention system has been 

implemented under which the business enterprises are contracted to hand over a ccrlain 

percentage of profits to the state, and the remaining profits could be used to supplement 

wages in the form of bonuses to workers and other welfare funds. The profit retention 

program was designed to provide incentives to enterprises thereby allowing enterprises to 

augment their income by virtue of their superior performance. Enterprises which prove 

unprofitable might find themselves threatened with closure by the state. 

In addition, firms are allowed to sell any surplus output at free market prices. This 

led to an expansion of the market activities significantly. Free markets for raw materials, 

foreign exchange, technology, research services, project design and construction in which 
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buyers and sellers could negotiate mutually satisfactory agreements and sign contracts that 

are enforced through the newly established economic courts have come into being. Thus a 

dual price system has emerged wherein free market prices coexisted with the state 

controlled prices which are often lower. 

The CGE model formulated in this study attempts to determine the effects of these 

economic reforms on the allocation of resources, and on production and consumption in 

the Chinese economy. The impacts of these reforms can be estimate^ by incorporating the 

free market mechanism into a macroeconomic CGE model of the Chinese economy. Such 

a model will be specified in Chapter 2. 

1.3 Institutional changes due to economic reforms 

Changes in the management and incentive systems 

Before the beginning of economic reforms in 1978, Chinese enterprises turned over 

all their profits to central or local authorities. Firms have little or no incentive to improve 

performance or economize on production outlays, for they had no direct interest in the 

profitability of their operation. The increased managerial autonomy that characterized the 

recent economic policies hi China has brought about changes in the management and 

incentive mechanism. With the introduction of the profit retention system, profit became 

the primary index of performance of enterprises. The level of profits is of considerable 

importance as the workers' bonuses and welfare depended on it. The Chinese enterprises 

unanimously endorsed the notion of material incentives which motivated the worker to 

become more productive. 

The next question that comes up is how profits in these enterprises are determined. 

This is no easy task in view of the dual nature of the price system - one where prices of 
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products are determined in the free market and the other where the state fixes the prices for 

the same products. The revenue R from the sale of the output of a typical firm to the state 
is the sum of two components P X and Pf Xf, where X is the output sold at the official 

price, P , and X̂  is the output sold at the free market price, Pf. The firms lobby for higher 

prices with the government for their product and also for a higher ratio of profits to be 

retained by the firm so that they could offer larger bonuses for their workers. 

Allocation of labour 

Allocation of labour to various firms by the state is different from that in other 

communist countries of Eastern Europe and the U.S.S.R. In particular, the local labour 

bureau has control over job assignments within an overall quota set by the Ministry of 

Labour. Neither workers nor enterprises have much say in job assignments. Swapping of 

jobs to allow families to be together or for other personal reasons is sometimes allowed. 

This problem becomes more acute because residence permits and grain ration coupons 

preclude migration of workers to seek employment. As a result, most workers expect to 

spend all their working lives with the enterprises to which they are assigned. 

However, due to the recent economic reforms, this system has been loosened up 

slightly. A new labour market is developing gradually in which labourers choose their 

assignments through mutual agreement with interested enterprises. Enterprises also have 

some flexibility in hiring rural labourers. However, the number of people enjoying 

freedom of choice of job in regard to jobs is still limited. 

Laying off workers from their jobs is not easy for the employers. As employers 

provide their workers with housing, pensions, and many medical and educational benefits, 

loss of employment is more serious for workers in China than in other countries. Workers 

almost feel as if they have a property right to the job they have been assigned. 
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Dismissed can occur only for flagrant misbehaviour and that too after elaborate and 

exhaustive administrative procedures. 

Although the state has relaxed its control on the allocation of labour to enterprises, 

yet the reforms did not go far enough to allow the emergence of a free market mechanism 

in the allocation of labour. In other words, wages are not determined freely in the market. 

Allocation of capital 

Allocation of capital in China has always been subject to a formidable array of 

administrative controls involving numerous government organizations. These controls 

include annual fixed investment plans, multi-year investment plans, project approval 

processes, fund allocation processes, and administrative controls over the allocation of 

investment goods. As a result, investment decision making is both bureaucratic and 

political. 

Since the economic reforms have been put in place, the state has allowed the 

enterprises to use their retained profit to finance their own investment projects. Enterprise 

profitability thus became very important in investment decision making since more profits 

meant more internal sources of investment, as it has made it easier for the enterprise to 

obtain bank loans and government grants for further investment. Nevertheless, given the 

limited degree of enterprise autonomy, the investment funds accumulated by the enterprises 

are usually not sufficient enough to undertake the medium and large investment projects as 

they require extra funds from the government and banks to cover the shortfall. Since major 

investment funds could be obtained from the government as a "natural gift", many 

enterprises prefer to spend their retained profits on items such as bonuses and welfare 

funds, rather than on investment projects. There still exist formal investment controls and 

project approval procedures. All these elements suggest that 
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reforms have not yet progressed far enough to increase flexibility in regard to capital 

allocation. In short, there does not yet exist a free capital market in spite of serious 

attempts to foster one. 

1.4 Characteristics of the CGE model 

The post-reform Chinese economy is characterized by dual markets and dual prices. 

Peasants receive their income by selling their contracted output to the state at official prices 

and by selling the remaining output on the free market. Industrial workers also benefit 

when their products are sold on the free market after the enterprise have sold the stipulated 

quotas to the state at the fixed official prices. In particular, higher market prices contribute 

to increases in retained profit, which is the main source of workers' bonuses. Allocation of 

factors of production is still subject to tight control by the government. A macroeconomic 

model of the Chinese economy should be formulated within the framework of these 

institutional features. The appealing features of a CGE model make it an attractive tool to 

capture the institutional uniqueness of the Chinese economy. 

Firstly, a CGE model is able to incorporate the market mechanism. It extends the 

economic model to include the feedbacks through the price mechanism that achieve 

equilibrium between the independently pursued optimizing behaviour of suppliers and 

demanders of products. It is customary to deal with a CGE model by separating the supply 

and demand sides of the economy and then to solve the resultant system of excess demand 

functions. Market interaction takes place between production and consumption. A CGE 

model, by incorporating the market mechanism, appears to be broader and more realistic 

than the linear programming models or input-output models. 

Secondly, a CGE model allows for flexibility regarding the institutional 

specification of how the various economic agents behave and how the markets function. A 
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CGE model may not always conform to the pure Walrasian model. Researchers specify 

various forms of general equilibrium models with rationing and rigidity in some important 

markets in order to approximate economic reality. However, the neoclassical resource 

allocation theory remains the fundamental framework for these models. 

Thirdly, a CGE model is a sectoral interdependent model. The Chinese economy 

has undergone a systematic transformation in its structure of production, demand, 

employment and investment. It is, however, possible to formulate a CGE model which 

takes into account the various broad sectors into which the economy is divided without 

ignoring the fundamental differences in the underlying structures. 

Fourthly, in a CGE model equilibrium prices can be solved for endogenously. A 

comparison of the equilibrium prices with the actual prices allows us to identify those 

which have come close to being market determined and those which are distorted. 

Knowledge of these equilibrium prices which the model yields are important for the policy 

makers in choosing more effective reform measures. 

1.5 Outline of the study 

The objective of this study is to construct a computable general equilibrium model 

of the Chinese economy that will allow us: 

(1) to simulate the impacts of the economic reforms on the Chinese economy, 

particularly, the potential responses of the economy to alternative reform measures and 

policy designs; and 

(2) to compute equilibrium prices which could be compared with the officially fixed 

prices so that misallocation of resources could be identified. 
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Chapter 2 is devoted to the specification of the model. In that chapter, the demand 

and supply sides of the markets are formulated taking into account the dual prices in the 

Chinese economy. 

Chapter 3 deals with estimation and calibration of the model. In particular, an 

algorithm based on the recursion formula for least squares estimation with forgetting 

factors for overcoming the data shortage in estimating structural changes is also presented. 

The simulation results of the model are reported in Chapter 4. The conclusions and 

the policy implications that have emerged fiom the study are summed up in the final 

chapter. 



CHAPTER 2 

The Specification of the CGE Model 

2.1. Introduction 

Beginning in 1978, the Chinese economic system has undergone sweeping reforms 

aimed at decentralizing the decision-making processes, increasing the decision power of the 

individual economic agents (individual peasants and manufacturing firms). In particular, 

the reforms have enabled these agents to sell the excess of outputs produced over and 

above their stipulated quotas on the free market and have introduced a system of incentives 

that reward effort while linking those rewards to enterprise performance. 

This chapter is devoted to the specification of a CGE model which is designed to 

simulate the reform process and examine its impact on certain key macroeconomic variables 

of the Chinese economy. For purposes of specifying such a CGE model the Chinese 

economy is divided into five sectors, namely, agriculture, industry, construction, 

transportation and commerce. First, the institutional framework of the study is described 

using accounting flows and the payment structures related to the five sectors mentioned 

above. Since the accounting flow and the payment structure of the agricultural sector differ 

markedly from the other four sectors, we shall examine them separately. In addition, the 

individual labourer's supply function of output is derived by maximizing the net utility 

expressed as a function of income and effort. Then the aggregate supply function in each 

sector is constructed as the sum of individual labourer's supply functions engaged in that 

sector. The demand side of the market is expressed in terms of a linear expenditure system 

taking into account the dual pricing system that has come into being after the reforms. 

11 
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Finally, excess demand functions for sectoral outputs are computed from the 

demand and supply functions. A brief description of the Powell algorithm which is used to 

solve the system of excess demand functions is presented in the last section. 

2.2 An accounting framework for the CGE model 

The economy is divided into five sectors. The subscript i taking the values 1 

through 5, represents the sectors of agriculture, industry, construction, transportation and 

commerce respectively. We shall present first the accounting flow of a typical Chinese firm 

engaged in any one of the four sectors, namely, the industry, construction, transportation 

and commerce, as they are identical and differ from the one engaged in the agricultural 

sector. This will be followed by a description of the accounting flow of a typical Chinese 

firm (peasants) operating in the agricultural sector. 

Before the economic reforms, a typical Chinese firm in the industrial, construction, 

transportation or commercial sector would produce the quantity of output stipulated in the 

annual plans by using labor and capital assigned by the government and sell the output to 

government at fixed official prices. The value-added in production after deducting wage 

payments was transfered to the government by way of taxes and remitted profits. See 

Figure 2.1. The income received by a typical household for its involvement in the 

production process consists of the government-determined wage payments for the sector. 

Thus, before the economic reforms, a typical household's income is given by 

y. = w. i = 2,...,5 (2. I) 

where y is private income received by a typical household which works in the ith sector, 

and w. is the average wage in the ith sector. 
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All value-added generated in the production process would be submitted to the 

government as taxes t. per head, and profits 7T. per head. In such a scenario, it is clear 

that effort is not rewarded. 

After the economic reforms, the firm is allowed to retain a certain percentage of 

profits as determined by the government to pay for bonuses and improve workers' welfare. 

Accordingly, the profits TT. per head is divided into two parts: retained profits and remitted 

profits to the government. Major investment funds are still supplied by the government, but 

no longer without a cost. In return for the loaning of investable funds from the 

government, the firm is obliged to pay interest at an officially fixed rate. The firm is 

allowed to sell its product on the free market after delivering the stipulated quota to the 

government. It should be noted that the concept of profit used in this context must be 

distinguished from the conventional one. It refers to the short-run profit which is equal to 

the difference between the revenue and short-run variable cost which includes payments for 

intermediate inputs and operation cost. Since capital investment is supplied by the 

government, it is external to the firm, and hence is excluded from cost calculation. The 

post-reform scenario described above is illustrated in Figure 2.2. 

After the economic reforms, the private income of a typical household who is 

employed by a firm in the ith sector consists of an average fixed wage w. plus a 

government-determined fraction 13. of the firm's short-run profit per head. Formally, 

y. = B (P. x + Pfx. - s c - t.) + w. 

•'lp iv ig ig if it i r I 

= B.(P. x. - sc. - t.) + w. i = 2,...,5 (2.2) 
l v 1 1 i v i ' ' 

where x represents that part of the individual worker's output which is sold to the 

government at the fixed price P ; 



15 

revenue 

products revenue 

labor 
materia 

^r v 

market 

products 

government 

wage tax 
capital interest 

profit 

f irm 

purchasing 
power 

labor 

products 
household 

J 
wage retained profit 

Figure 2.2 An accounting flow diagram of a typical 
firm in the industrial sector in the post-reform 
Chinese economy 



16 

x^ represents that part of the individual worker's output which is sold on the free market at 

the price R; 

sc. represents the short-run production cost per head; and 

t. denotes the per head taxes. 

Note that the individual worker's total output in the ith sector is;1:. = x + x,. and P is a 
r i ig ii i 

weighted average of the prices P and P . 

It should be noted that while the firm is allowed to retain the fraction B. of short-

run operation profit to provide for bonuses and welfare, it is also responsible to remit to 

government the remaining fraction (1- 6.). In interpreting (2. 2) we might assume that 0. 

= 0 prior to the economic reforms, while after the economic reforms, B. lies between zero 

and one. 

Thus, it is clear that under this scheme incentives are provided for hard work. 

However, although bonuses and welfare expenditures are linked to enterprise performance, 

conventional cost minimization or profit maxim Lotion behaviour in the typical capitalist 

sense is not observable. Conditional factor demand under the profit-maximization or cost-

minimization assumption cannot be derived, since labour and investment funds are 

determined by the government and are external to the firm. Moreover, it is possible that 

within this scheme, the firm can increase its retained profits by different means: e.g., rather 

than by improving its economic performance, the firm could negotiate with central 

authorities for a higher retained profit ratio B., a lower quota delivery to the government, 

or even a lower tax rate. All these different variants represent what Kornai called the "soft 

budget constraint problem," which means that state-owned enterprises face only weak 

financial disciplines because c heir access to friendly bureaucracy and helping-out 

intervention which do not allow unprofitable firms go bankrupt as a result of poor 

performance (Kornai, 1986). If the short-run operation profit of a firm becomes zero or 
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even negative, the firm is still certain to receive a positive payment from the government to 

bail it out of the crisis. 

By aggregating over all households employed by the firm, and then over all the 

firms operating in the ith sector, the private income, Y generated in the ith sector can 

expressed as 

Y. = B.(P. X. - SC - T ) + W i - 2,...,5 (2. 3) 
ip i l l i i i 

where X is the total product produced in the ith sector; SC is the total short-run 

production cost in the ith sector; T is the total taxes collected from the ith sector, and W is 

the total wage bill paid to the workers employed in the ith sector. 

If a factor cost approach is adopted, sectoral national income Y is the sum of all 

incomes paid to households, Y (wages, bonuses and other welfare payments) and the 

government Y (taxes, remitted profits and interest payments). Thus, we have the 

following identity: 

Y. = Y + Y i = 2,...,5 (2.4) 
i ip ig ' ' v ' 

In the agricultural sector, before the economic reforms were formally introduced in 

1978, peasants must always deliver a fixed quota to the government first. If the output is 

larger than the fixed quota, then the peasants are allowed to keep a certain amount of output 

for personal consumption and for maintaining their agricultural operations and if there is 

still some output remaining, then they should sell it to the government at the fixed prices. If 

the output is smaller than the fixed quota, the peasants receive subsidies in order )to 

continue operating in the agricultural sector. Therefore, the accounting flow of a typical 

firm (peasants) in the agricultural sector prior to the economic reforms is very much the 
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same as that of the other sectors after the economic refonns. Thus, the peasant's income 

may be represented by the following equation: 

y. = B.P. x. +w i= 1 (2.5) 
•'ip i ig ig i ' 

where y , is the private income received by the peasant; P is the price fixed by (he 

government for agricultural products; x. is the agricultural output per peasant; and w. is 

the subsidy. The parameter B. is the fraction of the value of output that the peasant is 

allowed to keep. 

The differences in the payment structures between the agricultural and the other 

sectors lie in the interpretation of w. and retained income. Peasants are allowed to retain a 

certain proportion of output for personal consumption and operational maintenance, w. 

represents subsidies in kind given by the government. Note that no wages are paid to the 

peasant as is the practice in the other four non-agricultural sectors. 

In the post-re form period, peasants are allowed and encouraged to sell their outputs 

on the free markets after delivering the stipulated quotas to the government. Peasants are 

thus rewarded for their effort. The accounting flow diagram for a typical firm (peasants) in 

the agricultural sector in the post-reform period is depicted in Figure 2.3. 

It is possible to present the private income of a typical peasant in the post-reform 

period by an expression which is formally similar to (2.5): 

y. - P x . - w. i = l (2.6) 
J i p i i i 

Since the economic reforms of 1978 abolished the compulsory remission of agricultural 

output to government, the coefficient B. in (2.5) is now equal to unity. Another difference 
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(peasants) in the agricultural sector in the 
post-reform Chinese economy 
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between (2. 5) and (2. 6) concerns the variable w.: whereas prior to the reforms, w. is 

the per peasant government subsidy, after the reforms, w. is the stipulated value of output 

per head delivered to government and is thus a negative component. 

2. 3. The supply side of the economy 

The production side of the economy is divided into five sectors, namely, 

agriculture, industry, construction, transportation and commerce. Let X. represent the 

output in the ith sector. In the post-reform period, the output Xj is assumed to be divided 

into two parts, namely, a fixed contractual quota Xj that the sector must deliver to the stale 

at a government-fixed price P , and the remainder Xjr which the sector is allowed to sell at 

a market-determined price P. Thus, ^ 

X ^ X j g + X,,. i= 1.....5 (2.7) 

It is reasonable to assume that P,. ^ P for each sector, that is, there is an incentive 
ii ig ' ' 

for economic agents to participate in the free market. Furthermore, it is assumed that the 

stock of labour L. and capital K. in each sector are exogenously determined. 

Microeconomic foundation 

The supply side of the model formulated in this study is an extension, to the five 

sectors of the Chinese economy, of a framework developed by McMillan, Whalley and Zhu 

(1989) who investigated the impacts of reforms on the productivity growth of Chinese 

agriculture, and whose work was, in turn, inspired by Stiglitz's work (1976) on "the 

efficiency wage hypothesis". 



21 

The standard assumption that firms maximize profits - a natural assumption for a 

general equilibrium model of a capitalist economy - is replaced in this study by the 

assumption of utility-maximization by individual agents. More precisely, a typical agent in 

the ith sector maximizes a utility function which depends on income and effort. 

A firm is a conglomerate of individual labourers and a sector is a conglomerate of 

individual firms. Each labourer determines, by utility maximization, his/her optimal income 

and effort levels, given the prices. The sum of incomes over all labourers working in the 

firm equals the income of the firm. The optimal income in <?ny sector is the sum of optimal 

incomes of all firms operating in that sector. As mentioned earlier, the notion "income of 

the firm" contains only the short-run profit representing the difference between the revenue 

and short-run variable cost which includes intermediate inputs and other operation costs. 

Capital investment is done by government and hence is external to the firm. Therefore, it is 

excluded from short-run cost calculation. As a result, "income of the firm" is different from 

and more restricted than the usual concept of "profit of the firm". "Income maximizing" is 

different from "profit maximizing" and it is correct to state that the firm chooses a 

production plan which maximizes its income, but that does not necessarily imply that the 

chosen production plan is also the profit maximizing one in the conventional 

microeconomic-theoretic sense. Under this scheme, it is clear that supply of each sector 

cannot be derived in the same manner as under the assumptions of profit-maximization or 

cost-minimization. Supply is determined by applying an optimal effort level to the 

production process. Labourer's effort will be increased only if the marginal income of 

effort is positive. 

Starting with the agricultural sector and keeping in mind the accounting framework 

presented in the last section, the income of a peasant is given by (2. 5) 

y. = B JP. x. + w. i = 1 (2.5 repeated) 
J i p l lg ig l v r / 
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The production capacity of an individual peasant in the agricultural sector is 

represented by the individual peasant's production function 

x ^ a A 1 ' " 1 i = l (2.8) 
i 01 i i v ' 

where x i denotes output per head, k. is capital per head, and e. is individual effort. 

The individual's preferences for income and effort are, in turn, described by the 

utility function 

s. 3u. du 
u.(y. ,s.) = y - — , — - > 0 , — - < 0 i = l (2.9) 

l w i p ' l •'ip •), s ,̂ ' v ' 
A o 3 y. d 6. 

J i p w u i 

where X and 5 are positive and denote taste parameters. Note that the utility increases with 

income and decreases with effort. 

Substituting the production function (2.8) into the income function (2.5), the 

individual peasant's income becomes effort-related: 

y. = B.P .a .zlk\~ai + w. i= 1 (2.10) 
• ' ip 1 1 01 l i 1 

Substituting y given in (2.10) into the utility function (2.9), we obtain 

. . 6 i 
u.(y. ,Sj) = B .P .a .e" 'k !" a l + w . - —• i = l (2.11) 

i w i p ' iy i i oi i i i X6 

Maximizing the utility function (2.11) with respect to effort, we obtain the following 

equation for the optimal effort 
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e % ( 5 a . a . p jc^'j^-aDpi/tx-ai) i = 1 ( 2 1 2 ) 
i v 01 i K j I i 

The individual supply function representing the efficient usage of production 
* 

capacity is obtained by substituting the optimal effort e. given in (2.12) into (2.8). Thus, 

we have: 

s fs. A \ai/{\-ai)-o oci/U-ai), x(l-cci)/(X-oci) . . . 
x, = a .(5a .a. p.) P. k. i = l (2.13) 

1 01 01 1 ^ 1 1 1 

The sectoral supply function is obtained by multiplying both sides of (2.13) by L., the 

aggregate labor force employed: 

Xs = xs L = a .(5a . a (3 . r ^ - ^ p . «i/(x-ai)k*(t-ai)/(x-ai)L 
1 ' i 01 01 i r 1 l i l 

K 
= a .(5a .a. [3 . ) a i / ( x " a i ) P. «/k-"0(_L)x(i-ai)/(x-ai)L 

oi oi i ' v i v
 T

 7 1 
i 

= fit (hct ft R "\oti/(x-ai)pai/(x-oti)T (x-1 )oci/(x-ai)-iy-x(l-ai)/(X-ai, 
op oi i " r i i i 

i = l (2.14) 

In a more compact way, the sectoral supply function can be written as 

X? = A . P W K Y 3 i = l (2.15) 
i i i i i v ' 

after writing A. = a.(5ao .a . (3 .) a i / ( x-« i) , Y[ = « /(X-a. ), Y2 = ( M ) a . /(X-a ) and y3 

= X(l-q)/(X-q). i ~ i 

The supply functions for the other sectors, namely, industry, construction, 

transportation and commerce are constructed in the same manner as in the agriculture 

sector. The individual's income function in any one of these sectors is 
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y. = B .(P. x. - sc. - t.) + w. i = 2,...,5 (2.2 repeated) 

The individual's production function is specified as 

x. =a.saikl'a[ i = 2,...,5 (2.16) 
i oi i i ' ' v ' 

and the short-run variable cost is represented by Leontief technology, 

sc.= Y P. a.x. =y P. a.a .eaik.'-ai i = 2,...,5 (2.17) 
1 i-i J 1J 1 t-t J 1J 01 1 1 ' ' s 

Substituting Xj given in (2.16) and sc. given in (2.17) into y. given in (2.2) yields the 

following effort-related income function for the non-agricultural sectors: 

y. = p.(P. a .e, k1'011 - V P. a .a .e^k1"011 -1.) + v 
Jip r i i oi i i i-i j IJ oi i i i i 

i 

i =2,...,5 (2.18) 

Substituting (2.18) into the utility function of the non-agricultural sector, 

Ej ou . d u . 

u.(y. ,e. ) = y - — , - > 0 , - < 0 i = 2,...,5 (2.19) 
1 ip ' ip X5 dy. de 

Jip i 

and maximizing u.(y. ,e. ) given in (2.19) with respect to effort, we arrive at the equation 

for the optimal effort 
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E* = (5a.a. p .k';ai )W-Bi>(p. . y p. a . ) I / ( X - a i ) i - 2,...,5 (2.20) 
i v oi i ^ i i ' v I Li J \y ' ' v J 

i 

Substituting (2.20) into the production function (2.16), we arrive at the individual 

supply function for these sectors: 

xs = a .(5a .a. B )ai/^~ai)(V. y P. a )°i/(x-«i)kx(i-ai)/(x-ai) 
i op oi i K V v i Li J IJ' i 

j 

i =2,...,5 (2.21) 

The sectoral supply function is obtained by aggregating over all households employed in a 

firm, and then by aggregating over all firms in a sector. This is given by 

XS = a (5a a B ) a ' / ( x - a ' ) (p .V p awiAx-ai)jJxM)ai/(x-ai)j>-x(l-ai)/(x-oci) 
i or oi i " V ^ i i-i j if i j 

j 

i =2,...,5 (2.22) 

which can be written in a more compact way as 

X? = A (P. -V P. a.)YlLY2KY3 i = 2,...,5 (2.23) 
i 

afterwritingA = a o . (5a .a 6 .)o t i / (x-« i ) , Y[ = a / ( X - a ), y2 = (X-l)a /(X-a )and y3 = 

X(l-o.) /(X-a). 

2.4 The demand side of the economy 

The specification of the demand side of the economy in this study follows the 

World Bank's input-output framework of the Chinese economy (World Bank, 1982). 
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Sectoral demand Xj is expressed as the sum of consumption C, investment I., 

intermediate demand IN. and net export NEX.. Thus, we have 

X?= C.+ I.+ IN.+ NEX. i=l 5 (2.24) 

Investment, I., is assumed to be determined by the government. Since the major 

investment decisions in China are made by a relatively small number of people in the central 

planning committee, there can be abrupt changes in behaviour if members change their 

minds or are replaced by others with different views. Such abrupt changes are less likely to 

happen in the households and firms because of the large number of decision makers in 

each unit (Fair, 1982). 
The demand for intermediate commodities by the ith sector from the jth sector, IN.. 

, is obtained by the Leontief s input-output coefficients: 

IN. = a.. X. i,j = 1....5 (2.25) 

ij ij j ,J ' N ' 

where .̂ denotes the requirements of intermediate goods per unit of output from sector i to 

sector j ; and X. represents the output in sector j . Total intermediate demand by sector of 
origin is given by 

7N. = S I N i j = X aijxj i = 1 ' - 5 <2-26) 
j J 

Finally, due to the relatively small importance of exports and imports in China, and 

given that international trade is controlled by government policies, net export is also treated 

as exogenously determined. Under these assumptions, the endogenous determination of 

aggregate demand is equivalent to the endogenous determination of consumption. 
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A two stage optimization model of consumer's demand 

To explain the determination of the demand for consumption goods, tls^ study 

adopts a two stage optimization model. In the first stage, given the optimal effort, the 

typical household determines the optimal level of output he/she is willing to supply, which, 

in turn, determines his/her optimal level of income. In the second stage, the typical 

household optimally allocates a given income among the products of the five sectors. 

The determination of income 

Consider a dual-market economy wherein both the government operated markets, 

and free markets coexist. Consumers are assumed to acquire goods in the amount X; from 

the government operated stores at the government fixed prices P . Consumption demand 

c c 
Xjf, in excess of Xj , is satisfied by purchases on the free market at the free market price 

P P P 

P.f. Total consumption X; = XjC + X. . Again, it is assumed that P > P , so that, each 

firm in each sector has sufficient incentives to participate in the free market. 

First, we consider the agricultural sector. As shown in the previous section, the 

effort-related income of a typical peasant can be represented by: 

y. = 6 .P. a .ef'k.1-"1 + w. i = 1 (2.10 repeated) 
J i p K 1 1 01 1 i 1 V V / 

In the first stage, given the above effort-related income function, a typicat peasant 

will maximize his/her utility function with respect to effort and determines the optimal effort 

Ei : 

e* = (Sa^tt; B. ^-«i)i/vVai>pi/(*-ai) \ = 1 (2.12 repeated) 
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Substituting ei given by (2.12) into y given by (2.10), the optimal income y: becomes 

y* = P, P. a .(5a .a. p. f^^^OpX/fx-aiJ^d-aD/tx-ai) + , = , ( 2 2 7 ) 
J i p K1 i o r oi I " I i i i v ' 

Clearly, y. depends on the variable P, through 6;, and on the parameters P., a . and 

k.. The equation also implies that higher Pf and a higher proportion of xir in x . will 

significantly increase the level of personal income since P > P . 

Multiplying (2.27) by the sectoral stock of labor L., and writing A = 

a . ( 5 a . a . p . ) a ' / ( x " a i ) , Y, = a/(X-a ). y, = (X-l)a/(X-a) and Y, = X(l-a. )/(X-a ), 
or oi r i' '1 i v

 I ' '2 v ' I
 v

 I ' '3 i i 

we obtain the optimal private aggregate agricultural income 

Y* = B P a (5a a B )ai/^"ai)px/(x-0!i)L(^-l)ai/(x-ai)|^x(l-ai)/(x-o'i) 
ip H i oi oi i "l i i i 

+ w. 
1 

= p. A P 1 + V 1 L Y 2 K Y 3 + W . i =1 (2.28) 
i i i i i 

The optimal income in the other sectors, namely, industry, construction, 

transportation and commerce are derived in a similar manner. A typical household's effort-

related income in these sectors, after the economic reforms, can be formulated as, 

y. = J3 .(P. a .e^k1"011 - y P. a .a .e^k.1""- t.) + w. •'ip r i oi i i Li J IJ oi i i r I 

i = 2,...,5 (2.18 repeated) 
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The optimal income after the economic refonns is derived by substituting e; given by 

(2.20) into the effort-related income which yields 

y* = p {P. a . (5a .a . p. ) a i / ( x" a i )(P. .y p . ay/U-«i)k*(i-ai)/(x-ai) J ip n *• i o r oi I "I ' v i h1 j \y \ 

-1 P. a.a .(5a .a. p. fl/^ai\?. ,y P - a.)xAVai)kx(i-ai)/(x-ai) 
v j ij or oi l ^i ' l ^ j ij 

- t . ) + w . i =2,...,5 (2.29) 

Again, y; depends on P through e. , and on the parameters P , a . and k,. This income 

function serves as a potential soft budget constraint in view of the fact that one may 

increase his/her income by bargaining with the government for a higher p. or a higher P 

or a higher proportion of Xjf in Xj. 

Aggregating over all households employed in the ith sector, the non-agricultural 

sectoral private income is given by 

i i n = p (P. a . (5a .a . p.) 
ip n L i o r oi r i ' 

i ' Li j i j ; i i 

P . a . a . ( 6 a . a . p . ) a i / ( x " a i ) 

j ij or oi I ri ' 
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i 'Li j if i A i ~ i ' i 
i 

= p { P . A ( P - y P. a.)YlLv2KY3 - y P . a .A(P . -y P. a.)v,LY2Kv3 

H. l 1 1 1 Li j IJ' i i Li J IJ 1 v 1 Li J l j ' i i 

i j j 

- T.) +W i = 2,...,5 (2.30) 

The total optimal private income is the sum of the sectoral incomes and is given by 

YP = E K (2-3 0 
i 

The private expenditures are defined by 

E = Y -S (2.32) 
p P 

where private saving S is treated as a predetermined variable since the Chinese banking is 

centrally controlled and the interest rate is officially determined. The total expenditures E 

are divided into two components, namely, the private expenditures E and the government 

expenditures E .Accordingly, we have: 

E - E +E (2.33) 
p g 

Allocation of expenditures 

Once total private expenditures are determined, consumers then arrive at the second 

stage of maximization, namely, optimal allocation of the expenditures E over consumption 

goods produced by the firms in different sectors. 

Consider a situation in which the individual may buy a maximum of Xifi of goods 
'a 

from state-operated stores at the official prices P,. However, if he/she wants to consume 



31 

this goods in excess of X. , the additional quantity must be purchased on the free market at 

higher prices Pf. Then, a consumer's utility maximization problem may be formulated as: 

MaxU(Xf) 

s-L I \K+ i *& - E
P <2-34) 

It is assumed that no one will buy any goods on the free market until X. is 

exhausted. The opportunity set of the consumer is depicted in Figure 2.4. 

Suppose there are only two goods - agricultural goods Xj and industrial goods X^. 

In the shaded area, the consumer pays the price P and the slope of the budget line in this 

P P 

range of Xj is -(P /P ). To purchase goods in excess of X{ , the open market price P 

applies. The consumer maximizes his/her utility at D on the budget constraint AB. When 
c c X; > X; , then the consumer moves into the free market to purchase the additional quantity 

on the free market. This implies that the budget line which has a slope -(P /P ) is the 

relevant one. The equilibrium point D indicates that the consumer buys X^ units of goods 

1 of which Xj is purchased from the state-operated stores, and the remaining amount 

c* c Xj - Xj is purchased on the open market. 

If a linear expenditure system is adopted, a consumer is expected to maximize his 

utility of Xf in excess of Xj , subject to the budget constraint at the price E , assuming 0 

5 

< P. < 1 and £ p. =1. The utility maximization problem may now be formulated as 

follows: 
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5 

MaxU(X)=£ p . l n ^ - X y 

5 5 5 
^ • 1 PigXig+I Pi/X? - X & " I P X = EP (2-3 5) 

Taking the partial derivatives of (2.35) with respect to X^ and the Lagrangean multiplier X 

and setting them equal to zero, we obtain the following system of equations: 

^ ^ = - ^ - X P i = 0 (2.36) 

ax xf- xfg 

I PjXf = E (2.37) 

The set of equations in (2.36) can be rearranged as, 

Pj = (Xf - x£)X P (2.38) 

5 

since £ p. =1, (2.38) becomes 
i 



34 
5 5 

£ % = £ (Xf - xfg)X P - I (2.39) 

which when solved for X yields 

5 r l 
X = < V E P i X i / (2-4°) 

i 

5 c 

since £ P. Xt = E . Substituting X into p. in (2.38), we obtain 
i 

Pi CE - Z p XS> = ( x r x f g ) p (2-4 0 

The demand for the goods of the ith sector is 

A 5 
X f - X £ + — ( E - X P.X^) (2.42) 

i l 

It should be noted that X. represents the maximum quantity of goods one can purchase 

from the state-operated stores at fixed prices. Consumers attain their maximum satisfaction 

levels by purchasing goods on the free market to the extent that goods bought from the 

state-operated stores do not satisfy their demand. 

Alternatively, demand for consumption goods in each sector might be written as a 
function of real expenditures E and relative prices P as follows: 

5 
X

1
C=«o+ I «.P. + a2Ep (2.43) 

Alternatively, the consumption demand function may be written in the log-linear form as, 

logXf- ao+ £ a. logP. + a2log E (2.44) 
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The total consumption C.is sum of the private consumption Xj and government 

consumption X. , C.= Xj + X. . 

2.5 The model 

The model we have developed has five sectors indexed by i = 1, 2, 3, 4, 5 

representing the agriculture, industry, construction, transportation and commerce. The 

model consists of 45 endogenous variables of which 10 are explained by stochastic 

equations and the remaining 35 are defined by identities. The number of predetermined 

variables is 44. The data used in estimation cover the period from 1952 to 1987. Thus, we 

have 35 observations. The various equations we have derived describing the Chinese 

economy in the post-reform period are assembled below. 

The supply side of the economy 

The supply function for the agricultural sector: 

XS = a (5a a 6 )al/^•ai)Pa^^-ai)r (x-l)ai/(x-ai)jv-x(l-ai)/(x-ai) 
i o r oi i "l ' i i 

i = l (1) 

The supply function for any of the four non-agricultural sectors: 

Xs = a (5a a 6 \ai/(x-ai)/p _y p \ai/(X-ai)j^(x-l)ai/(x-ai)j^x(l-ai)/(x-ai) 
• oi oi i M ' v i Li j if i i 

i 

i =2,...,5 (2) 

Income and expenditures 

The private income function for the agricultural sector: 
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Y* = R P a (5a a-8 )oti/(x"al 'px/(x"oti1L(x"1)o:i/(x 'c<i)Kx(l_0<i)/(x"c<i) 

ip n. i oiv oi i i i i i 

+ W. i=l (3) 

The private income function for the non-agricultural sectors: 

Y* =p. { P a . (6a .a . p. ) a i / ( x - a i ) 

ip "i l i or oi r r 

(P -V P a )x/(x_0[i)T (X-l)oti/(X-ai)jrX(l-ai)/(X-ai) 
i Li j ij' i i 

P. a . a . ( 5 a . a . p. ) a i / ( x - a i ) 

J lj 01 01 1 " l 

(P -Y p a-)X/(x-ai)£(X-l)ai/(X-ai)jy-x(l-oti)/(x-ai) _ j \ +^y 
i Li j i j ' i i V i 

i 

i = 2,...,5 (4) 

Total private income: 

Y M Y: i =1,...,5 (5) 

Total income: 

Y = Yp + Yg (6) 

Total private expenditures: 

V Yp-S (7) 

Total expenditures: 



E - E + E 
p g 

The demand side of economy 

Sectoral private consumption function: 

X£= exp{o0+ £ a. logpj + a2log Ep}. 
i 

Total sectoral consumption: 

Intermediate demand: 

IN. = y IN. = y a.X. 
l Li IJ LI IJ J 

i i 

Sectoral demand equation: 

x!°= C.+ I.+ IN.+ NEX. 
i i i i i 

Excess Demand 

EX; = Xf - XjS 

Prices 

Relative prices 
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P. = P . / £ Pj i= l , . . . ,5 (14) 

which satisfy the normalization rule 

E p i = 1 <l5> 
i 

Endogenous variables 

Xj demand for goods produced in the ith sector 

X; supply of goods produced in the ith sector 

Xj consumption of goods produced in ith sector 

Yj private income received by ith sector 

Y total private income 

Y total income 

E private expenditures 

E total expenditures 

IN. intermediate input demand by sector i from sector j 

IN. intermediate input demand by sector i 

C. total consumption of goods produced in the ith sector 

EX excess demand in the ith se^. >: 

P. relative price of the ith sector goods 

Exogenous variables 

NEX net export of the goods produced in the ith sector 

I. investment in the ith sector 
i 

K. capital stock used in the ith sector 
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L, 

S 

Yg 

SC. 
i 

T. 
i 

W. 
i 

E 
g 

XC 
A i g 

P. 

the number of labour employed in the ith sector 

private saving 

government income 

short-run production cost in ith sector 

taxes in ith sector 

total wage bill in ith sector 

government expenditures 

government consumption of goods produced in the ith sector 

price index of the goods produced in the ith sector 

2.6 The Price Adjustment Process 

The basic solution strategy consists of several stages. First the sectoral demand and 

supply functions are estimated and the CGE model is reduced to a set of excess demand 

functions. A solution is found such that the excess demand is zero. 

Given the values of all exogenous variables including the stock of capital and labour 

employed in each sector, and the initial set of relative prices which satisfied the 

normalization rule, we can derive the sectoral supply and sectoral income. The demand side 

of the market has four components: investment and net export which are exogenously 

determined; intermediate demand in each sector which is specified by the Leontief 

technology with its the input-output coefficients a. taken from the World Bank's input-

output table for the year 1981 (World Bank, 1986); and the private consumption which is 

computed given the private income and the set of relative prices. 

Finally, the excess demand functions, EX., for the five sectors are calculated. The 

solution to the CGE model is reduced to the problem of finding a vector of equilibrium 
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relative prices (P p ..., P5) such thp.i the excess demand is equal to zero in each sector. 

Thus, we have 

E X = x f -X* = 0 i= I,...,5 (2.45) 

It should be pointed out that the above system of equations contains only four independent 

equations. In order to solve the system of excess demand equations given in (2.45), wc 

impose the following normalization rule which the relative prices should satisfy: 

£ P i = l (2-46) 
i 

Thus the system of equations to be solved consists of any four of the five excess demand 

equations in (2.45) plus the normalization equation in (2.46). The solution for the prices 

which clear any four of the five markets, along with the normalization rule determines the 

price in the fifth market. This is the Walras' law. 

In this study, the Powell algorithm is used to solve the system of non-linear excess 

demand functions. Consider a set of nonlinear excess demand functions, f.( P , ..., P.). 

In matrix terms, we have: 

f(P) = 0 (2.47) 

where P is the vector of the relative prices in the excess demand functions, f is the vector 

of non-linear excess demand functions. The objective is to find a solution vector of relative 

prices which renders the excess demands equal to zero. The price vector in the (k+l)th 

iteration can be written as 
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p(^i)=P« + a(k)d(k) ( 2 _ 4 8 ) 

where d' ' is a direction vector and a is a scalar giving the size of the step to be taken 

in the direction d ( ' . If we take the linear Taylor series expansion for f(P), the system of 

excess demand functions can be rewritten as follows: 

f(P) » f(P(k)) + J(P(k))(P - P(k)) (2.49) 

where J is the Jacobian matrix defined by 

at 
J.. = — (2.50) 

J a p. 
j 

Setting f(P) = 0, and solving for P = P(k+1) yields 

p(k+i) = p(k).J-if(p(k)) ( 2 J 1 ) 

where the direction vector d is given by -J" r ' and the step size a is equal to one. f( ' 

is the value of the excess demand function in the kth iteration. 

Powell's approach, which is used in this study, is to set up the solution problem as a 

minimization problem of a special kind. Let 

F(P) = [ftP)]f(P) (2.52) 

F(P) is a scalar function that has a minimum when f(P) = 0. Thus, minimizing the function 

F(P) will yield a solution to f(P) = 0. The Powell algorithm estimates the initial Jacobian 

by numerical approximation and then updates the approximation using a technique that does 

not involve additional function evaluations. For a detailed description of the algorithm, see 

Powell (1970). 
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The interpretation of the price adjustment algorithm is illustrated in Figure 2.5. 

When demand exceeds supply, the value of excess demand function f(P) and the value of 

F(P) are on the left hand side of the equilibrium price P*. The relative price for the next 

iteration will increase according to the following rule: 

IfEX,(l)>0, P(2)>P(1) (2.53) 

The values of the excess demand function in the next iterations will decrease to zero along 

the southeast direction. When the value of the excess demand function approaches zero, 

the slope of F(P) gets flatter and eventually becomes zero. On the contrary, when the 

system has excess supply, that is, f(P) < 0, the values of f(P) and F(P) are located on the 

right hand side of the equilibrium price P*. The relative price for the next iteration will 

decrease according to the following rule: 

IfEXj(1)<0, P(2)<P(1) (2.54) 

The values of the excess demand functions in the next iterations will increase to zero along 

the southeast direction. The absolute values of the slope of F(P) decline along the southeast 

direction. The iteration will stop when equilibrium is reached, that is, a set of relative prices 

is found such that all excess demands are sufficiently close to zero. Figure 2.6 illustrates 

the construction and solution for the excess demand functions using the basic equations of 

the CGE model. 
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Figure 2.5 Price adjustment 
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CHAPTER 3 

Estimation 

3.1. Introduction 

This chapter is devoted to the estimation of the CGE model. In section 2 the data 

and sources from which they are obtained are described. In section 3, the estimated 

sectoral supply functions are reported and discussed. In estimating the agricultural supply 

function, the recursive formula for the least squares estimator with forgetting factors is 

adapted to capture the structural changes when limited data are available. Section 4 deals 

with calibration of income functions. The estimated demand functions are reported and 

discussed in the fifth section. Since the objective of this study is to simulate the impacts of 

the economic reforms on the Chinese economy, the data related to the period of the 

economic reforms are given a greater weight in estimating the CGE model. 

3. 2. Data 

The data on the various variables in the equations of the model cover the period 

from 1952 to 1987. These data are collected and compiled from various published 

sources. These sources along with their limitations are described below. The subscript i = 

1 is used to denote the agricultural sector and the subscripts i = 2, 3, 4 and 5 denote the 

other four sectors. 

(I) XjS, output supplied by the ith sector, is the total value of products produced in that 

sector measured in constant prices of the base year 1952. This is computed by multiplying 

the index of total value of product for each sector, measured in 1952 prices, by the 

45 
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sectoral output in 1952. These data are obtained from the Chinese Statistical Year-book, 

1988, pp. 27-28. 

(2) K , capital stock is compiled by summing the fixed capital and circulating capital. 

These data are obtained from the Chinese Statistical Year-book, 1988, pp. 23-24. 

(3) L , labour input, is measured by the number of workers (peasants) engaged in the ith 

sector. These data are from the Statistical Year-book, 1988, p.142; 1983, p.122, p.224. 

(4) P:, denotes the sectoral relative price. The agricultural prices are computed by using 

the general index of purchasing prices of farm and sideline products; the industrial prices 

are calculated by using the general index of ex-factory prices of industrial products; the 

price index for the commercial sector is the index of retail prices, which is a weighted 

average of the prices fixed by the state and the free market prices. These price indices are 

available in the Statistical Year-book, 1988, p. 691. However, price indices for the 

construction and transportation sectors are not directly available. They are calculated as 

sectoral price deflators in the following way: the total value of product at current prices 

divided by the total value of product in 1952 price. The total value of product at current 

prices and the total value of product in 1952 prices are obtained from the Chinese 

Statistical Year-book, 1988, pp. 27-28. 

(5) W , i =1, income in the agricultural sector, is the annual net income of the farmers; 

W., i = 2,...5, incomes in the non-agricultural sectors are the corresponding wages which 

include the standard wages, bonuses and subsidies. E , total private expenditures are 

computed by subtracting total saving from total income. Private saving is defined as the 

sum of rural and urban saving deposits. These data are obtained from the Chinese 

Statistical Year-book, 1989, p. 98 and p. 645. 

(6) C private consumption and C government consumption are calculated following the 

approach used by the World Bank in editing the Chinese economic model (World Bank, 

1985, p. 11). For each sector these are computed using the share parameters obtained 



from the Chinese input-output table. For details regarding the construction of these data, 

see World BankB, 1985, p. 30. 

3.3 Estimation of supply functions 

Most works related to the supply function emphasize the principle of profit-

maximization or cost-minimization of the firm. The supply functions are derived from 

input demand functions which are obtained either directly from the production function 

using cost minimization or indirectly from cost function using Shephard's lemma. For a 

discussion of Shepard's lemma, see Varian (1987). 

In this study, the production inputs, capital and labour are assumed to be 

exogenously determined by the government, and hence, the possibility of mobility of 

inputs across sectors is excluded. However, as the output supplied in each sector depends 

upon changes in optimal effort which, in turn, is related to changes in relative prices, it is 

reasonable to treat the sectoral supply functions as interdependent. Moreover, it is 

consistent with the behaviour of a single competitive price-taking firm that in the 

estimation of its supply curves we can safely ignore the demand side of the market. 

However, at the sectoral aggregate level, we can not afford to neglect the demand side as 

the prices are determined by the interaction of the supply and demand functions. In other 

words, it is inappropriate to estimate the sectoral supply functions without recognizing the 

simultaneous nature of the demand and supply functions in determining the sectoral 

prices. Accordingly, the sectoral supply functions are estimated by using a simultaneous 

structural estimator like the two-stage least squares estimator (2SLS). 

The supply function of the agricultural sector derived earlier in Chapter 2 is given 

by 
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X* = aoi(5ao.a. p\ )«
i /^-« i>p^/^-«i)L.(-0«i/(^ai)Kx(t-ai)/(x-«0 

i = I (2.6 repeated) 

The supply functions of the non-agricultural sectors are given by 

Xs = a .(5a .a. p\ ) a i / ( x- a i )(P . _y a . .P . )ai/(x-ai)L(x-i)oi/(x-ai)Kx(i-oi)/(x.«i) 
i oi oi i r i i 4* IJ j i j 

i =2,...,5 (2.22 repeated) 

These can be written in a more compact way as 

X' = A P^L^K*3 i = 1 (2.7 repeated) 

and 

X; = A (P. -I a P. )v V K J 3 i =2,...,5 (2.23 repeated) 

Introducing a multiplicative log-normally distributed disturbance term eu' into the supply 

function of the ith sector and expressing it in log-linear form, we have: 

lnXjS = Y0 +YjlnP ^ I n L . + Y3lnK. + u i=l (3.1) 

lnX.5 = Yo + Y, ln(P -£ a P ) + Y2 l n ^ + Y3 InKj + u 
j 

i=2,...,5 (3.2) 

The variable (P -V a.P. ) represents the value-added in the sector i =2,...,5. Note that if 

j 

eui follows a log-normal probability law, then u is normally distributed. 
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These supply functions are estimated in their log-linear form as given above using 

the 2SLS estimator. In the first stage, the ordinary least squares (OLS) regressions of the 

price variables (endogenous variables) are computed using the exogenous variables Lj and 

K. as regressors. In other words, the instrumental variables used in the first stage are the 

labour L and capital K. , which are determined by the government and hence are 

exogenous for each sector. In the second stage, we replace P by its OLS estimates P. , 

... and estimate the supply function by OLS estimator. In other words, we compute the OLS 

regression of X,s using P. and the other exogenous variables L and Kj. 

Another problem that one is likely to face in estimating models using time series 

data is the presence of autocorrelation in the disturbances. In this study, the presence of 

autocorrelation in the disturbances is tested using an approximation of the Durbin-Watson 

test (1951). This test is based on the DW statistic, computed from the 2SLS residuals, the 

distribution of which is approximated by a beta-distribution. It should be pointed out that 

the Durbin-Watson bounds test based on the 2SLS residuals may be subject to wider 

bounds and its usefulness is likely to be limited. For more details regarding this test, see 

Savin and White (1977). If autocorrelation of disturbances is detected, the supply equation 

is reestimated by 2SLS after correcting it. 

Supply function of the agricultural sector 

Since the objective of this study is to simulate the impacts of the economic refonns 

on the Chinese economy, reliable estimation of the supply function of the agricultural 

sector is important. In particular, the important changes which have occured during the 

reforms period should be recognized in estimating the agricultural supply function. 

The economic reforms in the rural areas have brought a new incentive system 

which boosted agricultural production. Since 1978, the Chinese agriculture has been 
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experiencing substantial growth. To study the impact of economic reforms on the Chinese 

agriculture, we might compare the agriculture performance before and after 1978. 

Between 1965 and 1977, the overall agricultural growth is around 2.1 percent, just a little 

above the population growth rate of 1.9 percent, in spite of a substantial increase in 

modern inputs like machinery, irrigation power equipment and chemical fertilize!s that 

became available during the same period. According to Tang's (1980) research on Chinese 

agriculture, between 1952 and 1977, increases in agricultural output failed to keep pace 

with material input increases. In the post-reform period, Chinese agriculture has grown at 

an unprecedented rate. The annual growth rate of grain output reached 4.9 percent, moie 

than twice the previous rate of 2.1 percent achieved between 1957 and 1978. Soybeans, 

cotton and edible vegetable oils, all have posted substantial annual growth rates since 

1978. Output of cotton, almost tripled between 1978 and 1984. These comparisons 

suggest that actual output before 1978 was far below the potential output of the 

agricultural sector. See Table 3.1. 

Since these pronounced changes have occurred after the economic reforms were 

put in place, estimates of the supply functions using the data covering the period from 

1952 to 1987 may prove less reliable unless recognition is accorded to possible structural 

shifts. To detect structural shifts in the sectoral supply functions we have tested for the 

equality of sets of coefficients in the two regressions, one based on the pre-reform period 

data and the other based on the post-reform period data using the Chow test. In particular, 

the null hypothesis tested is: there is a stable relationship over the entire period in 

question. Rejection of the null hypothesis implies that the data covering the entire period, 

i.e. 1952-87 which covers the pre and post-reform period should not be pooled to estimate 

the supply function and that separate regressions are needed in the case of agriculture, one 

for the pre-reform period and the other for the post-reform period. Moreover, rejection 

also implies that economic reforms have had a significant impact on the Chinese 

agriculture. This is particularly interesting in this study as it provides information about 
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Table 3.1 

Average Annual Growth Rates for Selected Agricultural 

Products between 1957-78 and 1978-84* 

Grain Meat Soybeans Cotton 

1957-78 2.1 3.7 -1.1 1.3 

1978-84 4.9 10.1 4.2 18.7 

* These growth rate were computed from data given in Chinese 

Statistics Yearbook, 1988, p.212, p.224. 
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the extent to which the reform measures affected favorably the agricultural production. 

The Chow test proceeds on the usual assumptions that the disturbances in the 

equation are independently and normally distributed with zero mean and constant variance. 

However, if the disturbances in the model are serially correlated, it is no longer true that 

the quadratic form of the disturbances are distributed as a Chi-square, and hence, the 

Chow test is not valid. In such a case, the Chow test is frequently biased toward rejecting 

the hypothesis of stability in the regression coefficients. See Corsi, Pollock and Prakkcn, 

(1982). In this study, the Chow test is conducted based on the 2SLS residuals of the 

estimated model after correcting for autocorrelation. 

If the null hypothesis of stability of the regression coefficients is rejected, there are 

two possible approaches to explore the relationship further. In the first approach, we split 

the sample into sub-samples corresponding to the two sub-periods and estimate separate 

equations one for each sub-period. The second approach is to specify explicitly a more 

general model embodying parameter variability over time. In the present study, wc are 

precluded from taking the first approach as the available number of observations in each 

sub-sample is small enough to make the parameter estimates less reliable. This is 

particularly true for the post-reform period. Accordingly, in this study, a time-varying 

parameter estimation approach is adopted. This is achieved by using a recursive formula 

for least squares estimation with forgetting factors, corrected, if necessary, for the first 

order autocorrelation. This is one of the ways in which data shortage could be overcome. 

This method traces the structural changes in the sector by using the forgetting factors to 

gradually phase out the influence of old data, and put more weight on the more recent 

data. Detailed description of this procedure is presented in the appendix at the end of this 

chapter. 
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The supply function of the agricultural sector is estimated in log-linear form given 

in (3.1) by 2SLS estimator using the data covering the entire period from 1952 to 1987. 

This is reported below. 

lnX" = -0.5919 +0.24651nLj + 0.13091nKj + 0 . 2 4 9 1 ^ 

se (1.7751) (0.0942) (0.0854) (0.2612) R2= 0.8529 

t (-0.3334) (2.6170) (1.5331) (0.9537) DW= 3.1242 (3.3) 

The Durbin-Watson approximation test statistic is 5.536, which is greater than the critical 

value of 2.08 of F(7,20) at 5 percent level of significance. This indicates that the 

disturbances are serially correlated. The Chow test is performed to test for stability of the 

structure as the Chinese economy passes through the pre-reform period of 1952-77 into 

the post-reform period of 1978-87. The F-statistic for the Chow test is equal to 3.8150 

which is greater than the critical value of 2.69 of F(4,28) at 5 percent level of significance. 

This suggests that the relationship is not stable and that a structural change had occurred in 

the Chinese agriculture around that time in which the economic reforms were formally 

introduced. This is also corroborated by the negative and insignificant intercept at 5 

percent level. In order to capture such a structural change in the agricultural sector, first, a 

correction is made for the presence of first order autocorrelation. Then, the supply 

function of the agricultural sector over the post-reform sample period from 1978 to 1987 

is estimated by applying the OLS recursive formula with the forgetting factors in the 

second stage to obtain the 2SLS estimates. In other words, the supply function (3.1) is 

estimated by the 2SLS method using the data from 1952-73. The estimates for the 

following period, i.e., 1974-87 are calculated by using the updated formula, namely, 

previous estimates plus the 
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gain factor multiplied by the prediction error. See the appendix at the end of this chapter 

for a description of the recursive OLS and how the gain factor is computed. Forgetting 

factors are imposed so that the influence of the past data is gradually phased out and more 

weight is put on the recent data. To this end, we first estimated the parameters based on 

the data from 1952-74 using the recursive least squares (RLS) estimator. We placed 50 

percent weight on the data before and including 1973, and estimated the parameters 

covering this period. When the data set is updated for the next year, i.e., 1975, we placed 

8L6 percent weight on the data which covered the period from 1952-74 and estimated the 

parameters for the period 1952-1975. Clearly, in the second updating, the forgetting factor 

is reduced to 40.8 percent (0.50x0.81.6) for the data from 1952-1973. In subsequent 

updating, we placed 93.2 percent weight on the data from 1952-75 in estimation covering 

the period from 1952-76, and 97.5 percent weight on the data from 1952-76 in estimation 

covering the period from 1952-77, and 99 percent weight on the data from 1952-77 in 

estimation for the period 1952-78. Finally, the unity weight is placed on the data after 

1978. In this way, the estimates after 1978, mainly reflect the economic conditions in the 

post-reform period. The values of the above forgetting factors are calculated based on the 

formula of the first order response. These forgetting factors that were imposed on the past 

data in estimating the parameters of the supply function of agriculture tended to reflect the 

importance of the pre-reform data relative to the post-reform data. Detailed description of 

the forgetting factors is given in the Appendix to this chapter. The estimates are displayed 

in Table 3.2. 

During the 1978-87 period the agricultural supply elasticity with respect to labour, 

capital and price were around 0.44, 0.16 and 0.18 respectively. The relatively larger 

coefficient for the labour input in comparison with the coefficient for the capital input 

shows that the growth of Chinese agriculture over the study period is mainly propelled by 

a steady increase in the participation of the labour force. This, of course, is true as the 

Chinese agriculture is still relatively more labour-intensive. 



Table 3.2 
ecursivc Estimates for the Supply Function of the Agriculture Sector 

(lnX* = 8 0 + ^ InL, + a, InKj + a. InPj) 

Year Intercept L coefficient K coefficient P coefficient 

% a i % a. 

1978 
se 
t 

1979 
se 
t 

1980 
se 
t 

1981 
se 
t 

J 982 
se 
t 

1983 
se 
t 

1984 
se 
t 

1985 
se 
t 

1986 
se 
t 

1987 
se 
t 

0.1387 
(0.0526) 
(2.6387) 

0.1479 
(0.0559) 
(2.6455) 

0.2513 
(0.0848) 
(2.9650) 

0.2171 
(0.0700) 
(3.1005) 

0.2641 
(0.0847) 
(3.1191) 

0.2137 
(0.0651) 
(3.2845) 

0.2092 
(0.0593) 
(3.5307) 

0.2169 
(0.0559) 
(3.8737) 

0.2289 
(0.054) 
(4.238) 

0.2396 
(0.0541) 
(4.4320) 

0.4489 
(0.2112) 
(2.1260) 

0.4449 
(0.2132) 
(2.0869) 

0.4106 
(0.1774) 
(2.3142) 

0.4341 
(0.1952) 
(2.2236) 

0.4139 
(0.2006) 
(2.0638) 

0.4465 
(0.2151) 
(2.0761) 

0.4564 
(0.2062) 
(2.2133) 

0.4508 
(0.1843) 
(2.4458) 

0.4470 
(0.1643) 
(2.7214) 

0.4539 
(0.1539) 
(2.9486) 

0.1568 
(0.0490) 
(3.2055) 

0.1700 
(0.0518) 
(3.2819) 

0.1393 
(0.0396) 
(3.5132) 

0.1798 
(0.0515) 
(3.4926) 

0.1470 
(0.0432) 
(3.4032) 

0.1690 
(0.0490) 
(3.4463) 

0.1804 
(0.0504) 
(3.5781) 

0.1789 
(0.0474) 
(3.7781) 

0.1813 
(0.0453) 
(3.9992) 

0.1853 
(0.0457) 
(4.0516) 

0.1849 
(0.0615) 
(3.0082) 

0.1836 
(0.0591) 
(3.1063) 

0.1816 
(0.0516) 
(3.5185) 

0.1824 
(0.0472) 
(3.8616) 

0.1827 
(0.0452) 
(4.0448) 

0.1852 
(0.0425) 
(4.3608) 

0.1836 
(0.0388) 
(4.7294) 

0.1874 
(0.036) 
(5.2091) 

0.1924 
(0.0338) 
(5.6984) 

0.1948 
(0.0329) 
(5.9154) 
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A major problem in interpreting the estimated agricultural supply function is that of 

distinguishing between increases in supply resulting from increases in the availability of 

inputs and increases in supply due to technical progress and improved efficiency. There 

are some studies which explored the reasons behind the recent acceleration in the growth 

of agricultural output in China. A broad consensus has been reached that the recent 

phenomenal growth of Chinese agricultural output has been facilitated in large measures 

through improved incentives. Lardy (1986) reported that the recent rapid growth of the 

Chinese agriculture has been achieved with an apparent reduction in the amount of 

investment in agriculture. The accelerated growth of farm output with a lesser infusion of 

modem inputs surely suggests substantial rise in agricultural productivity since 1978. The 

increase in productivity may be explained by changing agricultural technologies, increased 

application of fertilizers, and most importantly, due to more efficient use of resources. 

This conclusion is confirmed by McMillan, Whalley and Zhu (1989) in their study of the 

impact of economic reforms on the growth of productivity in Chinese agriculture. 

In our study, the parameter, 

o l / ( z - o l ) 
A, = o 0 1 ( 5 o o l a 1 P 1 ) (3.4) 

I 

and its estimates A = e^.may be interpreted as a measure of efficiency in the agricultural 

sector during the study period. Given the inputs K, and L̂  and the price 1̂ , the larger the 

estimate of A , the greater is the output X* obtainable. The time-varying parameter 

estimates show that the estimates of efficiency parameter A are greater than unity (since 

a > 0), implying that the agricultural sector is efficient. More importantly, the efficiency 

measures increased over the study period as the estimates showed an upward trend. See 

Table 3.2. 
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McMillan, Whalley and Zhu decomposed the growth rate of agricultural 

productivity into two components, namely, increases due to price increases and increases 

due to incentive changes. Changes in the incentive system like the farm contract did allow 

peasants to improve their incomes through greater diligence and better management. The 

higher prices the government has offered, along with decollectivization and the higher 

free market prices that came into being, all have contributed to greater incentives which 

increased the productivity of peasants. According to McMillan, Whalley and Zhu (1989), 

78 percent of the productivity increase in Chinese agriculture between 1978 to 1984 is 

attributable to incentive changes and the remaining 22 percent is due to price increases. 

Supply functions of the industrial, construction, transportation and 

commercial sectors 

The supply function of the industrial sector estimated by 2SLS estimator is 

reported below. Note that the subscript 2 denotes the industrial sector. 

lnXj = -0.5919 + 0.44751nK, + 0.69471nL2+ 0.26751n(P2~£ a.P.) 
j 

se (1.7751) (0.0812) (0.1658) (0.1323) R2= 0.8964 

t (-0.3334) (5.5089) (4.1893) (2.0215) DW= 1.5374 (3.5) 

Over the study period, the supply elasticity with respect to labour, capital and value added, 

i.e., the variable (B,-£ a.P.), in the industrial sector are 0.4475, 0.6947 and 0.2675 
i 

respectively and are significant at 5 percent level. The intercept a which represents the 

efficiency measure ( A. = eao) is positive and insignificant at the 5 percent level. The 
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supply elasticity of capital for the industrial sector is well above the value of 0.16 reported 

for the agriculture sector. This reveals that the industrial sector is relatively more sensitive 

to changes in capital than the agricultural sector. This is to be expected, especially in the 

case of China. 

In order to discover the occurrence of any significant structural shift in the 

industrial sector around 1978, the year in which the economic reforms were introduced, 

we have conducted a series of Chow tests. The F-statistics for these tests are computed 

using the estimated residuals of 2SLS regressions splitting the sample period of 1952-87 

into two subsamples. The two subsamples and the computed values of the F-statistic are 

reported in Table 3.3. For example, the first entry represents the two subsamples used in 

computing the F-statistic, namely, the periods 1952-75 and 1976-87. In subsequent 

calculations, the first subsample is appended with the data that belong to the immediately 

following year and at the same time deleting that data from the second subsample. It is 

clear from the entries in Table 3.3 that all the F-statistics are smaller than the critical value 

2.69 of F(4,28) at 5 percent level of significance. Accordingly, it is concluded that no 

structural shift took place in the industrial sector during the period of our study. This 

conclusion confirms the results of Field (1986). For purposes of comparison, the growth 

rate of the gross value of industrial output reported by Field (1986) are reproduced below 

in Table 3.4. 

Comparing the growth rates of industrial output before and after 1978, Field did 

not find any remarkable changes in the performance of the Chinese industry, but a 

significant change in the structure of industry. From 1958-78, the heavy industry like 

metallurgy, machinery and petroleum grew faster than the light industry like food 

processing and textiles, whereas from 1979-83, the light industry grew faster than the 

heavy industry (Field, 1986). Moreover, the data on the performance of state-operated 

industrial enterprises - the most important portion of the Chinese industry -- also failed to 

show the significant contrast between the pre-reform period and the post-reform period. 



Table 3.3 

F-statistics for Chow Tests: 

the Supply Function of the Industrial Sector 

Year F-Statistics 

1952-75/1976-87 

1952-76/1977-87 

1952-77/1978-87 

1952-78/1979-87 

1952-79/1980-87 

1952-80/1981-87 

1952-81/1982-87 

1952-82/1983-87 

0.6462 

1.1560 

0.5355 

0.3952 

0.4054 

0.4652 

0.3744 

0.3961 
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Table 3.4 

Average Annual Rates of Growth of the Gross 

Value of Industrial Output, By Branch of Industry, 1953-83 

1953-57 1958-78 1979-83 

Total Industry 

Metallurgy 

Electrical Power 

Coal 

Petroleum 

Chemicals 

Machinery 

Food Processing 

Textiles 

16.1 

29.0 

20.4 

17.1 

32.7 

31.2 

29.7 

13.2 

8.6 

8.8 

9.2 

13.3 

7.4 

18.8 

15.0 

13.1 

4.7 

6.4 

9.7 

5.2 

6.3 

1.9 

2.9 

9.2 

7.2 

9.3 

12.9 
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This is clear from the average annual rates of growth of the main economic indicators of 

state enterprises reported by Field (1986, p.530) and reproduced in Table 3.5. 

Entries in Table 3.5 indicate a tendency which was ignored by Field, namely, a 

deterioration in the productivity of capital, accompanied by an improvement in the 

productivity of labour. The gross value per 100 yuan of fixed assets of the state-operated 

independent-accounting industrial enterprises during the period between 1958-78 declined 

by 0.2 percent, and continued to slip to 1.6 percent between 1979 and 1983, whereas, the 

gross value per worker increased from 2.1 percent between 1958 and 1978 to 3.3 percent 

between 1979 and 1983. Meanwhile, the rate of growth of gross value per 100 yuan of 

working capital improved substantially from -2.9 percent between 1958 and 1978 to 2.4 

percent between 1979 and 1983. This means that the economic reforms in the industrial 

sector did not bring significant improvements in productivity of fixed capital in the state-

operated enterprises, but did improve productivity of labour and working capital. This 

tendency is further confirmed by the time-varying parameter estimates obtained here. The 

time-varying parameter estimates of the supply function of the industrial sector between 

1970 and 1987 are displayed in Table 3.6. 

It is clear from Figure 3.1, that from 1970-87, the capital elasticity of output 

maintained its level around 0.44, while the labour elasticity of output enjoyed a steady 

increase after 1977. It is noticeable that the steady increase in the labour elasticity of output 

is achieved with a lesser infusion of labour input with an annual rate of 3.3 percent 

between 1979 and 1983, compared with 6.9 percent between 1958 to 1978. See Table 

3.5. This reveals that although there is no significant overall structural change in the 

industry, the economic reforms in the industrial sector certainly improved efficiency 

somewhat, particularly in regard to labour productivity. It is the labourer's effort, rather 

than the number of labourers employed that explains the increase in the labour elasticity of 

output. 

The 2SLS estimate of the supply function for the construction sector is given 
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Table 3.5 

Average Annual Rates of Growth of the Main Economic 

Indicators for the State-operated Industrial Enterprises 

1953-57 1958-78 1979-83 

Gross value of industry 16.8 9.1 6.8 

Fixed assets 17.7 11.3 8.3 

Working capital 14.5 12.4 4.3 

Annual number of workers 8.9 6.9 3.3 

Gross value per 100 yuan 

of fixed assets -0.7 -0.2 -1.6 

Gross value per 100 yuan 

of working capital 2.0 -2.9 2.4 

Gross value per worker 7.2 2.1 3.3 



Table 3.6 
Recursive Estimates for the Supply Function of the Industrial Sector 

(InXf = 60 + 6, InK, + O.lnL, + 63ln(P - £ a.P ) 
j 

Years intercept K coefficient Lcoefficient (P2~E aii^i )coerf lcient 

6 0 6 ! 9 2 9 3 

1976 
se 
t 
1977 
se 
t 
1978 
se 
t 
1979 
se 
t 
1980 
se 
t 
1981 
se 
t 
1982 
se 
t 
1983 
se 
t 
1984 
se 
t 
1985 
se 
t 
1986 
se 
t 
1987 
se 
t 

-0.5746 
(4.2032) 
(-0.1367) 
-0.5292 
(3.6676) 
(-0.1443) 
-0.8792 
(3.29C4) 
(-0.2667) 
-1.9038 
(3.0805) 
(-0.6180) 
-1.9449 
(2.8206) 
(-0.6895) 
-1.7301 
(2.5823) 
(-0.6700) 
-1.5650 
(2.4043) 
(-0.6509) 
-1.3650 
(2.2693) 
(-0.6015) 
-1.2762 
(2.1453) 
(-0.5949) 
-1.1676 
(2.0188) 
(-0.5784) 
-0.9470 
(1.8864) 
(-0.5019) 
-0.5919 
(1.7751) 
(-0.3334) 

0.4403 
(0.1275) 
(3.4528) 
0.4406 
(0.1190) 
(3.7014) 
0.4416 
(0.1052) 
(4.1998) 
0.4424 
(0.0907) 
(4.8768) 
0.4425 
(0.0835) 
(5.3008) 
0.4426 
(0.0784) 
(5.6476) 
0.4431 
(0.0743) 
(5.9640) 
0.4444 
(0.0715) 
(6.2147) 
0.4458 
(0.0685) 
(6.5070) 
0.4459 
(0.0656) 
(6.8002) 
0.4460 
(0.0633) 
(7.0508) 
0.4475 
(0.0621) 
(7.2006) 

0.5647 
(0.2198) 
(4.5486) 
0.5678 
(0.1931) 
(5.1801) 
0.5778 
(0.1090) 
(5.3005) 
0.5910 
(0.1121) 
(5.2712) 
0.6072 
(0.1125) 
(5.3964) 
0.6204 
(0.1127) 
(5.5057) 
0.6331 
(0.1127) 
(5.6172) 
0.6469 
(0.1132) 
(5.7161) 
0.6654 
(0.1142) 
(5.8254) 
0.6702 
(0.1129) 
(5.9353) 
0.6978 
(0.1157) 
(6.0288) 
0.6947 
(0.1146) 
(6.0639) 

0.4278 
(0.4765) 
(2.0986) 
0.3993 
(0.5070) 
(1.6612) 
0.2154 
(0 '489) 
(1.4460) 
0.1698 
(0.1454) 
(1.1675) 
0.1794 
(0.2110) 
(0.8504) 
0.1531 
(1.3779) 
(0.7257) 
0.2330 
(0.2637) 
(0.8837) 
0.2296 
(0.2151) 
(1.0676) 
0.2715 
(0.2255) 
(1.2042) 
0.0205 
(0.0149) 
(1.3717) 
0.1160 
(0.0687) 
(1.6392) 
0.2675 
(0.1323) 
(2.0215) 



64 

0.7 

n • 1 • 1 > 1 • r 

1976 1978 1980 1982 1984 1986 

year 

Figure 3.1 Time-varying estimates of labour and 
capital coefficients for the indusytial sector 
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below. Note that the subscript 3 denotes the construction sector. 

lnX3
s = -1.2469 + 0.42231nK, +0.46081nL3 + 0 . 1 9 6 6 ^ - £ P. a.) 

i 

se (0.4829) (0.1186) (0.1265) (0.7276) R2= 0.9410 

t (-2.5817) (3.5656) (3.6412) (0.2702) DW= 1.8021 (3.6) 

In estimating the supply functions for the transportation sector, it has been detected 

that the disturbances are serially correlated. 2SLS estimate of the supply function for the 

transportation sector is reported below. Note that the subscript 4 denotes the transportation 

sector. 

lnXj = -8.5232 + 0.07271nK4 + 0.34851nL4 - 6.87851n(P4-J P. a.) 
j 

se (1.8704) (0.2294) (0.2591) (9.9645) R2= 0.8940 

t (-4.5569) (0.3171) (1.3451) (-0.6903) DW= 3.5723 (3.7) 

The Durbin-Watson test approximation statistic is 4.8602, which is greater than the critical 

value of 4.6 of F(5,16) at 5 percent level of significance. This indicates that the 

disturbances are serially correlated and correction for the first order autocorrelation is 

made and the supply function for the transportation sector is reestimated. The reestimated 

supply function for the transportation sector corrected for the first order autocorrelation is 

given below. 

lnX4 = - 0.0603 + 0.64441nK4 + 0.24761nL4 - 0.16921n(P4-£ P. a.) 
i 

se (0.0078) (0.1351) (0.1608) (0.02498) R2= 0.9584 

t (-7.7252) (4.7697) (1.5392) (-0.39372) DW = 2.1406 (3.8) 



66 

These results show that the coefficients of value-added variables (P. - Y P. a.) and (P, -
3 LI J ij •( 

j 

V P a.) for the construction and transportation sectors are statistically insignificant at 5 
i 

percent level of significance. The negative sign for the coefficient of value-added variable 

in the transportation sector is contrary what is expected in theory. The possible 

explanation regarding the insignificance of estimated parameters is that these two sectors 

are still very much subject to government regulation. The price mechanism in these two 

sectors has not played as important a role as in the cases of the agricultural and industrial 

sectors. 

The 2SLS estimate of the supply function for the commercial sector is given 

below. Note that the subscript 5 denotes the commercial sector. 

lnX* = -0.9852 + 0.38971nK5 + 0.68931nL5 + 0.17051n(P5-£ P. a..) 
i 

se (0.0105) (0.1480) (0.1881) (0.0723) R= 0.9632 

t (-1.4277) (2.6381) (3.6647) (2.3596) DW = 1.5395 (3.9) 

All the estimated coefficients of the supply function for the commercial sector arc 

statistically significant at 5 percent level of significance. 

3.4. Calibration of income functions 

As indicated in the last chapter, the expansion of aggregate demand is constrained 

by the optimal income, which in turn depends on the optimal effort. More specifically, 

effort will be increased only when marginal net income of effort increases. The optimal 
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income in the agricultural and in the other four non-agricultural sectors are given by (2.28) 

and (2.30) respectively. These equations are repeated below. 

, , * o r . C s : « xCti/U-cci) X / ( X - o i ) T ( X - l ) a i / ( X - a i ) „ X ( l - a i ) / ( \ - a i ) 

Y. = p. P. a n i ( 5 a . a . 6. J P; L K 
ip r 1 1 Oi 01 1 ' l ' 1 I 

+ w. 
1 

= p\ AP.1+vlLY2Kv3 + W J i = l (2.28 repeated) 

A/* a CT> 1%. a \ai/(^-aO Y. = p. (P. a .(5a .a. p. ) 
'P ' 1 1 01 01 1 M 

(P -Y P a )x /^"a i^x"1 'o t i /^"c t i )K^1"o t i^ /^"c t i ' 
i Li j ij I i 

j 

P. a.a .(,5a .a. p. j 
J IJ 01 01 1 M 

(P -Y P a)
x/(^-ai)jj(

Jt-1)ai/(^«i)g;X(l-ai)/(x-at) _ j i +-yy 
i Li j i f j i i i 

P. (P. A (P. -Y P. a.)YlLY2KY3 - Y P .aA. (P.-Y P. a.)ylLg?Kv3 

* I 1 1 I Li J ljy 1 i L j lj 1 v 1 ^ / J 1J^ l i 

T.} +W i = 2,....5 (2.30 repeated) 
r i 

Since the estimates of the parameters A. and v. s in the above income functions 

are readily available from the estimates reported in the last section, the sectoral income 

functions can easily be calibrated. Calibration is a procedure in which parameter values are 

determined in a nonstochastic way. Parameter values are usually extraneously chosen for 

http://or.Cs
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the particular function so that the model will approximately reproduce an assembled 

equilibrium data set (Mansur & Whalley (1982)). 

In calibrating the income functions, the values of the variables Lj, K., P. , T and 

W. are selected at the bench-mark year of 1980. The year 1980 was chosen because it 

was around that period that free markets have almost developed and the economic reforms 

have had their effect on the economy. Parameters A. and y j s for the ith sector are taken 

from the estimated supply functions in the last section. However, assigning a plausible 

value to the bonus ratio p. is wrought with some difficulties as such ratios at the sectoral 

level are not available. These ratios are calculated by solving the income function using the 

estimates of parameters A.and Yt s and the values of the exogenous variables. The bonus 

ratio for the agricultural sector after the economic reforms, is assigned a value of unity, 

since the peasants do not have to submit a portion of their revenues to the government. 

Their net incomes are simply the total revenue after subtracting the value of the contractal 

output to the government. The bonus ratios for the other four non-agricultural sectors are 

given by solving the income functions, (2.30), which can be expressed as follows: 

'P 1 

P« 
N Y 1 T Y 2 

(P. A (P. -y P. a.)Y LY KY3 - V P. a.A. (P. -Y P . a.)v lLY 2KY 3 - T. } 
1 I v I 4 - J IJ 1 i *-! J IJ 1 1 V J 1 / 1 1 1 

i = 2,...,5 (3.10) 

Since optimal income for each sector Y. is known, p. for any one of other four non-

agricultural sectors can be solved by assigning the estimated parameters of the supply 
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functions and the values of the exogenous variables at the bench-mark year of 1980 for 

each sector in the equation (3.10). The computed bonus ratios by sectors are reported in 

Table 3.7. 

3.5 Estimation of private consumption functions 

Aggregate demand in this study consists of four components, namely, 

consumption, investment, intermediate demand and net exports. Investment, as already 

mentioned, is considered exogenously determined due to the fact that major investment 

activities in China are determined by the government. Net exports depend on the 

government export policies, and hence are also treated as exogenously determined. The 

demand for intermediate commodities stems from the assumed underlying Leontief 

technology. The input-output coefficients defining the the Leontief technology are taken 

from the World Bank's Chinese input-output model for 1981 (World Bank, 1985). Since 

three of the components determining demand, namely, investment, net exports and 

demand for intermediate goods are exogenously determined aggregate demand is actually 

determined by private consumption. Thus, the endogenous determination of demand is 

equivalent to the endogenous determination of private consumption. 

To study the expenditure allocation over consumption goods among sectors, a 

homogeneity restriction is imposed on the consumption function, that is, the consumption 

function is homogeneous of degree zero in prices and total private expenditures. Thus, an 

equiproportionate change in all prices and total private expenditures should leave the 

consumption function unchanged. Thus, the homogeneity restriction implies that 

consumption is a function of relative prices and real expenditures. For purposes of 

identifying the sectoral consumption functions, only these price variables which are 

closely related to the commodity in question have been included. The 2SLS estimate of the 

private consumption demand for agricultural products is given below: 
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Table 3.7 

The Bonus Ratio for Each Sector 

Sector Bonus ratio 

Agriculture 1 

Industry 0.025 

Constmction 0.043 

Transportation 0.020 

Commerce 0.034 
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lnX? = 7.6845 - 0.12391nP, -0.63421nP, + 0.27021nE 
ip 1 i p 

se (8.1292) (0.5995) (0.4100) (0.1207) R= 0.9696 

t (0.9453) (-1.6681) (-1.5473) (2.2379) DW= 1.8792 (3.11) 

The estimated coefficients for agricultural, industrial prices and private expenditures are 

significant at 5 percent level. The intercept is positive but insignificant at the 5 percent 

level. The sign of P, is negative, which is consistent with the law of demand. A 

percentage change in agricultural prices gives rise to opposite change of. 1239 in private 

consumption demand for agricultural products. The sign of P2 depends on the balance 

between the income and substitution effects. If the agricultural and industrial goods are 

substitutes, then, when P2 rises, assuming that the price of agricultural products and 

income remain constant, there will be a substitution effect increasing the demand for 

agricultural products as its relative price falls, and an income effect which reduces demand 

for agricultural products as real income falls. The net effect depends on which of these 

two effects dominates. The positive sign for P2 suggests that the substitution effect is 

predominant. However, the substitution relationship between the agricultural and 

industrial goods has not been detected here as is evident from the negative sign for P2. In 

fact, the sign confirms a complementary relationship between the agricultural and 

industrial products. Mansur and Whalley caution the interpretation of substitution effect in 

the broad, aggregate demand analysis, saying that "the role of prices in determining 

demand behaviour seems to be less than theory might suggest, although prices become 

somewhat more important if a finely divided classification of commodities is used. For 

broad aggregate, however, price indices over time tend to move in the same direction 

following similar patterns, making substitution possibilities hard to detect from the data" 

(Mansur & Whalley, 1971). 
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Furthermore, the estimated results show that the income elasticity of consumption 

demand for agricultural products is 0.2702. This result is, of course, consistent with the 

Engel's law which asserts that the income elasticity of demand for food (in our case the 

agricultural products are typically in the form of food) is typically less than unity. 

Although the estimate of the income elasticity of demand for agricultural products (i.e., 

food) of 0.2702 obtained here is considered to be lower than Chow's estimate of 0.79 

(Chow, 1985), yet if the entire agricultural sector is considered, it is reasonably close to 

the estimates of Booth and Sundrum (1985) who reported that estimates of income 

elasticities of demand for agricultural products in less developed countries vary between 

0.20 to 0.30. The income elasticity of demand for agricultural products in China is 

relatively higher than the estimates for developed countries like France and Germany, and 

is almost equal to those of the less developed countries like Pakistan and Indonesia. In 

order to facilitate comparisons of elasticities of demand for agricultural products among 

economies, both developed and less developed, the estimates provided by Booth and 

Sundrum (1985) are displayed in Table 3.8. 

The 2SLS estimate of the private consumption function for the industrial products 

is given below. 

lnX? = 1.1442- 1.19111nP -0.61651nP9+ 1.36681nEn 
2p 1 2 p 

se (1.1895) (0.6883) (0.2427) (0.2695) R2= 0.8803 

t (0.9619) (-1.7305) (-2.5397) (5.0716) DW= 1.7462 (3.12) 

The estimated coefficients for the agricultural and industrial prices and the private 

expenditures are significant at 5 percent level. The intercept for private consumption 

demand for industrial products is positive and insignificant at 5 percent level. The sign for 

P is negative and indicates the expected inverse relationship between consumption 



Table 3.8 

Income Elasticities of Demand for Agricultural 

Products in the Developed and Less Developed Countries 

Developed countries 

France 

Germany 

Japan 

Sweden 

Less developed countries 

Sri Lanka 

Pakistan 

Indonesia 

Philippines 

South Korea 

China 

0.13 

0.13 

0.17 

0.14 

0.34 

0.23 

0.32 

0.55 

0.16 

0.26 
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demand for industrial products and its own price. The income elasticity of demand for 

industrial products is 1.3668 which is substantially larger than 0.2702 for agricultural 

products. The cross price elasticity of demand for industrial products with respect to 

agricultural price is negative, which implies a complementary relationship between the 

industrial and agricultural products. 

The 2SLS estimate of the private consumption function for construction goods is 

given below. 

lnX3p = - 0.0432 - 0.93361nP2 + 0.77981nP3 + l.33351nE 

se (0.01242) (0.4671) (1.1089) (0.1968) R2= 0.9319 

t (-3.4782) (-1.9987) (0.7032) (6.7759) DW = 1.7365 (3.13) 

The intercept and estimated coefficients for the industrial prices and the private 

expenditures are significant at 5 percent level. The estimated coefficient for the own prices 

is positive and the t-value is 0.7032 which implies that the estimated parameter of the own 

price elasticity is insignificant at 5 percent level. This may reflect the fact that the 

construction sector is still very much under government regulation and that a free market 

in that sector has not yet well developed. Negative sign for the cross price elasticity of 

demand for industrial products with respect to construction price suggests that these two 

are complementary. The income elasticity of demand for construction products is 1.3335, 

which is very close to that for the industrial sector. 

The 2SLS estimate of the private consumption function for transportation products 

is given by, 
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lnX? = 0.0373 + 0.69651nP, + 0.63251nP,+ 1.04561nE 
4p 2 4 p 

se (0.0153) (0.2433) (0.2356) (0.1090) R2= 0.9803 

t (2.4419) (2.8622) (2.684) (9.5927) DW = 2.0732 (3.14) 

The intercept and all estimated coefficients are significant at 5 percent level. The estimated 

price elasticity of private consumption demand for transportation goods is positive, which 

is contrary to the law of demand. This might suggest a strong interference by government 

and a less important role for market forces in the sector. The positive sign for the cross 

price elasticity of transportation goods with respect to industrial price shows that these two 

are substitutes. The income elasticity of demand for transportation is 1.0456. 

Private consumption demand for products in the commercial sector is negatively 

related with its own price and positively related with the price of the construction 

products. The income elasticity of demand for commercial products is less than one. The 

estimated coefficients are all significant at 5 percent level. The 2SLS estimate of the private 

consumption function for commercial products is reported below. 

lnXj = 1.6002 +0.58961nP3 - 0.63421nP5+ 0.72331nEp 

se (0.9996) (0.4008) (0.3199) (0.083) R2= 0.9556 

t (1.6009) (1.4710) (-1.9821) (8.7101) DW= 1.7045 (3.15) 

•4 
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The following derivation of the recursive formula of the least squares estimator is 

taken from Phillips (1977). The discussion regarding the forgetting factors is borrowed 

from Hughes (1986). 

Consider the model, 

y = XB + u (Al) 

where y is a Nx 1 vector of observations on the dependent variable, X is a Nxk non­

stochastic matrix of observations on k explanatory variables with rank k < N. The u is a 

Nx 1 vector of disturbance terms with assumptions E(u)= 0 and Cov (u) = o~2I. The best 

linear unbiased estimator b^ of B is given by 

V O W ' V N (A2) 

where the subscript N is explicitly introduced to identify the number of observations used 

in estimating B. We shall use the subscript N to indicate that a vector or matrix of 

observations contains N rows. The subscript N when used for an estimator implies that N 

observations have been used to obtain that estimator. 

Let x' denote the Nth row of the N*k matrix XN and yt, denote the Nth element of 

the vector v.. Thus, 

X N " 

(x \ 
N-l 

X 
N 

a n d ^ -
yN-l 

, U N , 

(A3) 
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When data are updated as U and K become available, the estimator h, based on the N 

observations is given by: 

b N = W V N 

- [X'N.jXN., + KNK N]"'[X'N-iyN-l + K'NIIN] (A4) 

Appropriate rearrangement and manipulation results in the following recursion formula 

given by Phillips (1977, p. 66). 

hN = \-l +Um^-H'n\.i) (AS) 

with the covariance matrix of b. 

CovO^) = 0-2 PN = a2 ( X ' N X N > I = a* [X'N^XN.! + KNH'N]-> 

= a2 P N - I K N K ' N ^ N - I 1 

N-l 

(A6) 

where the gain term L(N) is 

L ( N ) =
 P N-I" 'N 

d\, , 
(A7) 

PN-1 (XN-1"W 
(A8) 

and 

dN.] - 1 + K'NPN.!KN (A9) 
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It can be seen from (A5) that a new estimate b, can be computed from the 

previous estimate bN .. This method of updating the estimates as an additional observation 

is available is called the recursive least squares (RLS) estimator. The appealing feature of 

RLS estimation is that it provides time-varying estimates of the parameters of the model. 

Since PN_! in (A8) is a positive definite matrix, updating pN results in a successive 

reduction in PN so that the gain term in (A6) is eventually reduced to zero. Thus, if the 

objective is to track the parameters through time, the RLS estimator is of little help. One 

way of overcoming this problem is to introduce what is termed as a forgetting factor 

which serves to progressively phase out the effects of past data. Accordingly, P using 

the forgetting factors is defined as: 

P^ = [riCN.1XN.,+ HNK'N]-i (A10) 

where 0 < r < 1. 

The recursive formula for updating P then becomes: 

P
N ~ r PN-1 " r PN-lHN(HNr PN-1HN+ O ' ^ V P N-l 

1 ( P N 1 - F N - 1 " N " ' N P N - ' ) (All) 

Vi 
d N _rr + H*NPN.iHN (A12) 

The effect of the forgetting factorin (All) is clear in that the covariance matrix and 

hence the gain L(N) is kept from going to zero since every time PN is updated, PN is 

amplified byr. The algorithm will therefore remain alert to coefficient parameter changes. 
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In the real economic world, we expect some structural changes in the economic 

system, and we do not have sufficient data to reflect these changes since many of these 

structural changes come into being in a very short time. The recursion formula of the least 

squares estimator with forgetting factors can be used to overcome such a problem. Thus 

the modified RLS method by incorporating the forgetting factors would solve the data 

shortage problem by assigning larger weights to recent data and smaller weights to the 

past data so that estimated structures would reflect the most recent structural changes. 

After these modifications, the RLS method becomes particularly useful in social and 

economic research. SeeRiddell (1975). 

The major problem with the forgetting factor algorithm is also apparent from (A 10). 

If the data X is forgotten by a constant ratio, eventually, the most recent data representing 

the recent economic structure will be forgotten somehow. An easy way to overcome this 

problem is to use variable forgetting factors, instead of a constant r value. In other words, 

varying values of r are assigned to different observations, giving values to r which are 

close to 1 when most recent data are used and values close to zero when data that belong 

to remote periods are used. 

The difficulty in such a case is that forgetting factors will converge on unity only if 

the initial value of the forgetting factor is close to unity. If the initial value of the forgetting 

factor is close to zero, it will take a longer time to converge on unity of the forgetting 

factors from the point we choose to forget the past data, which implies more data are 

required to estimate the new economic structure. And lack of more data is precisely the 

problem. Thus, it is imperative that some other behavior restrictions on the forgetting 

factor which allows it to converge to unity faster should be found to solve the data 

shortage problem and these are discussed below. 

Suppose the forgetting factors follow the first order response scheme: 

r(t)=l- e-t/t (A13) 
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In (A13), the forgetting factors might start with zero, and quickly converge on 

unity. The uniqueness of the first order system response is when t=T, the value of the 

forgetting factor is equal to 0.632, that is, we can forget about 36.8 percent of the old 

data, when t=2r, t=3r, t=4r the value of the forgetting factor quickly reaches 0.865, .95; 

and 0.982 respectively. The convergence behaviour of r(t) is depicted in Figure A. 1. 

This implies that one can start with the point we choose to forget about 40 percent 

of the past data, then take four periods to quickly approach the unity of forgetting factors. 

If one wants to start with forgetting more than forty percent of the past data, say, fifty 

percent, one can use the following first order reponse scheme: 

r(t) = r + (l-r)(l-e-t/T) (AI4) 

We obtain results similar to those when using the first order response scheme (A 13) but 

forgetting more of the past data. This is depicted in Figure A.2. 

Suppose the assumption of a scalar covariance matrix is replaced by 

Cov[u(N)] = a2QN (A 15) 

where ft, is a positive definite matrix. Then, the generalized least squares estimator b. of 

B based on N observations is given by: 

bN = W V 1 X>NVN < A I 6 > 
Since ft Tis a positive definite matrix, it is possible to find a matrix T̂  such that 
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r(r) 
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r(r) 

0 T 2T 3T 4T 5T t 

Figure A.l First Order Response Scheme 
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Partition the matrix T^ by the first N-l rows and column as 

( T 0 ^ 
N-l 

(A18) 

The generalized least square estimator can be rewritten using 'L matrix as 

*' ** . . , * * 
\ = (\\>lxnyN 

(A19) 

where 

XN =W 

yN ~ -VjyN 

which, in turn, can be generated recursively with respect to the index N 

(A20) 

(A21) 

X 
( t

 X N - < X 

*> (A22) 

v w = 

yN-l 

N V N-1 + ^N v 8 ^ 
(A23) 

Based on (A22) and (A23), we simply apply the RLS formula to the generalized least 

square estimates. The recursive formula for the generalized least squares estimator can be 

written as 

* * > * 
bN = b N - l + L ( N X y N - H N b N - i ) (A24) 

where 



L(N)= 

* * > 
P N - 1 H N 

N-l 
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(A25) 

and 

P = 
N 

^ X N-1 X N-1^ 

( X N - 1 X N - 1 ^ H N K N ( X N - 1 X N - 1 ) 

JN-1 

(A26) 

* * ) * * 
dM . = 1 + KM P . , , H M 

N-l N N-l N 

(A27) 

In the case of the first order autocorrelation of disturbances, the matrix rf\ is 

specified as 

/ 

T = 
N 

VI-P* o 0 

-p 1 0 

0 -p 1 

. . 0 0 

. . 0 0 

. . 0 0 

• \ 

0 0 0 ... 1 0 

0 0 0 ... -p 1 

(A2R) 

its corresponding recursive formula is 



T 
N-l 

Y M o o 

-p i o 

-P i 0 

0 

,. 0 

.. 0 

. 0 

0 0 
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(A29) 

/ 

(A30) tN = ( 0 0 0 ... - p ) 

and t = 1. 

If the forgetting factor is introduced into this recursive formula with the first order 

autocorrelation, one might simply apply the formula (A10)-(A12) derived earlier to the 

(A24)-(A28) to compute the recursive estimates of parameters in the GLS model. 

The recursive formula of the two-stage least-squares estimators with forgetting 

factors could be implemented by applying recursive formula of the ordinarily least square 

estimator to the second stage least squares estimation. 

Suppose the equation to be estimated is given by 

y= Y(3 + Xy + u (A31) 

where y is an Nx 1 vector of observation, Y and X are matrices of N observations on g 

jointly dependentiy predetermined variables, respectively. The vectors (3 and y ate the 

parameters associated with variables in Y and X. If the first stage least squares estimates 

of Y are known, the 2SLS estimates can be easily computed by the RLS formulas 

mentioned above in (A5)-(A9). 



CHAPTER 4 

Simulation Experiment 

4.1. Introduction 

The main objective of this study is to examine the effects of the economic reforms 

introduced in China since 1978. To this end, the estimated structure of the CGE model of 

the Chinese economy reported in the previous chapter is used to conduct a simulation 

experiment. This simulation experiment is designed to answer the following question: 

given the fact that the economic reforms have specifically favoured the agricultural sector 

by allowing the bonus ratio to be unity for the peasants, what will the impact on the 

Chinese economy be if the same kind of incentive is accorded to the workers in the four 

non-agricultural sectors? In other words, we wish to examine the incentive effects on 

worker productivity and relative prices of allowing workers in the non-agricultural sectors a 

bonus ratio of unity, so that the income they have generated becomes their bonus. 

Accordingly, the experiment is designed to simulate the effects of setting the bonus ratio 

equal to unity in all four non-agricultural sectors. We compute a set of relative equilibrium 

prices and of equilibrium outputs assuming the bonus ratio to be unity in the non-

agricultural sectors and comparing these equilibrium prices and outputs with the actual 

relative prices and outputs when the bonus ratio is equal to a fraction of profits. Such a 

comparison provides some information regarding the extent to which prices have been 

distorted and outputs have been inefficiently produced due to the lower incentive to 

workers in the non-agricultural sectors. Of course, it should be remembered that the 

economic reforms had already allowed a bonus ratio of unity in the agricultural sector. 
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4.2 Simulation experiment: prices 

87 

The strategy of the Chinese economic reforms is 10 provide incentives to labourers, 

thereby allowing labourers to augment their income by virtue of their superior performance. 

However, as explained in the previous chapters, economic reforms have been undertaken 

to aifferent degrees in different sectors, so that significant improvements in output and 

productivity have been achieved in the agricultural sector but few improvements have been 

made in the non-agricultural sectors of the cconcmy. These differences, in performance 

stem from differences in the payment structure between the agricultural sector and non-

agricultural sectors. In the agricultural sector, the reforms allow the peasants who used to 

sell everything to the government in the pre-reform era to sell their products on free markets 

after delivering the stipu'ated quotas to the government. Industrial workers who used to 

remit all profits they made, are now allowed to retain a fraction of profits as bonuses. 

Consequently, the bonus ratio in the peasants' income function is equal to unity, whereas it 

is equal to a fraction of profits in the income functions of workers in the non-agricultural 

sectors. The peasants' and workers' income functions are repeated below, 

Y = p\ P. a . (5a .a, 0, ) " i / ( x - B i )
P >^^) L U-i)« i /^« i ) K x( i -0 / (x-« i ) 

ip ' i i oi oi ' ' ' i i i 

+ W. 
1 

= 6 A P 1 + V 1 L Y 2 K Y 3 +\V. i = l (2.28 repeated) 
1 i i 1 1 i 

Yip=f ji t^i «ol(00t0«0t* Pi ' 

(P.-Y P a )A/U"oi ,i_ (x"1)ai /u"ui 'K^1- ra ')/(x-o li) 
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- £ Pja..aoi(5auiai(3. ) " " " "' 
j 

(P -V p a ^ / ( ^ - O O T (x-l)«i/(A.-ai)j^x(l-ai)/(x-ai) . X ) +W 
i Li j \y i i i ' i 

i 

= 6. (P. A (P. -Y P. a.)Y'L1,2Kv3 - Y P. a.A (P. - V P. a.)YlLY2KY* 
* 1 J 1 V i Li j \/ i 1 Li ) IJ 1 1 Li J l j ' i i 

i ) j 

- T j ) + W . i = 2,...,5 (2.30 repeated) 

Clearly, peasants are rewarded relatively more for their effort than the workers in other 

sectors. As a result, peasants are given a strong incentive to work harder and more 

productively than workers in the other sectors. 

Suppose that a reform measure similar to that in the agricultural sector is introduced 

into the industrial, construction, transportation and commercial sectors, namely, set the 

bonus ratio, (3=1, i=2,...,5 so that the marginal utility of workers' effort in these sectors 

increases. Furthermore, we assume that the proportion of the profit that used to be remitted 

to the government is now delivered to the government in the form of taxes. It is expected 

that such a reform measure would provide a greater incentive to workers in the non-

agricultural sectors, so that they will work harder and produce more output if the market 

condition allows them to do so. It should be noted that the simulation experiment 

undertaken is confined to the reinforcement of incentives aimed at eliciting sectoral 

increases in effort and productivity by a given, fixed, administratively allocated labour 

force rather than at inducing a real reallocation of resources (e.g. of labour) among sectors. 

Reallocation of resources (i.e. manpower and capital), which features in most CGE 

applications, docs not occur in this study since the allocation of resources are assumed to 

be determined by the government only. 

- .T.-A-^-J.^Y-.V,^ 
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Assume that the market for each sector is initially in equilibrium, i.e., 

Xj = X; i= 1.....5 (2.10 repeated) 

where 

X; = A Pj" LY2KY3 i = 1 (2.15 repeated) 

X} = A(P.-Y P.a..)YlLY2KY3 i =2,...5 (2.23 repeated) 
1 1 1 Li J if i i • ' ' 

i 

after writing A. = aojtSoLjjCXj |3j ) ' y, = a. /(X-a ; ), Y2 = (A-l)a. /(A-ctj) 
and Y, =X(l-ai)/(X-cci),i=2,...)5. Here, \\ = 1, i=l and 0 < [3 < 1, i=2,...,5. 

First, we calculate the efficiency paramelcr A. at [3 .= 1, i=2,...,5. Let A. denote 

the efficiency parameter at (3= 1, i=2,...,5. Then the ratio of A. to A is 

, , . , a i / ( X - r / i i 

A * « o i ( 6 a o i a i j 

i=2,...,5 (4.1) 
A (s: a \ a i / ( ? - « i ) 

A a .(5a .a: p. j 
1 01 01 1 r i 

Assume that the technical parameters 0^ and a and the taste parameters 5 and A remain 

constant, even after the institutional changes have occurred. Then A. can be expressed as 

A. A. 
A* = - . . ' ,, - — ^ i-2 5 (4.2) 

' O o i / X-oti) 

P . ^ 
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after writing y . = a . /(A-a. ). Given the estimated value-added parameter YH and 

efficiency parameter A in the supply function and the calibrated value of the bonus ratio 

* 

for each sector, we compute the values of the efficiency parameter A.. Assigning (4.2) the 

corresponding estimates of y ., A . and Bj, we obtain the value of A. for each sector. 

The estimates of A. y , (31 and the computed A. for each of the non-agricultural sectors 

are reported in Table 4.1. It should be noted that Table 4.1 reports only the industrial, 

i construction, transportation and commercial sectors as the bonus ratio of the agricultural 

sector is already unity. It is evident that the value of A. depends on A. y and B.. Table 

* 
4.1 demonstrates the expected linkage between the estimate of A. and the bonus ratio (3 .. 

When the unit bonus ratio is introduced, sectors with a smaller bonus ratio like industry 

and transportation have greater values of A., while sector with a greater bonus ratio like 

constmction have smaller values of A. . 
i 

Using the computed efficiency parameters A., we recalculate the real output 

supplied at the existing prices by each of the four non-agricultural sectors. It is evident that 

at 6 .= 1, i=2,...,5, ceteris paribus, the output supplied must be greater than the original 

output supplied. Hence, with no changes in demand, supply must exceed demand in each 

of these non-agricultural sectors at existing prices. In particular, the sectors with greater 

discrepancies of A. - A., like industry and transportation, are expected to have greater 

excess supply, while the agricultural sector whose bonus ratio has already been set to unity 

is expected to have zero excess supply. The original supply (which is equal to demand) and 

the computed supply by sectors are displayed in Table 4.2. A set of new equilibrium prices 

is computed by using the Powell algorithm based on the original level of demand and the 

computed supply reported in the above table. The programme is a subroutine found in the 



Table 4.1 
* 

The Estimates of Efficiency Parameters A and Aj 

* * 
Sectors A. v.. (3. A; A; - A ; 

1 ' l l *! i i i 

0.2675 0.0250 1.4842 0.9309 

0.1966 0.0430 0.5335 0.2461 

0.1692 0.0200 1.8251 0.8836 

0.1705 0.0340 0.6645 0.2912 

Industry 

Construction 

Transportalion 

Commerce 

0.5533 

0.2874 

0.9415 

0.3734 
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Table 4.2 

Actual and Desired supply by Sectors 

Year Agriculture Industry Construction Transportation Commerce 

Actual Desired Actual Desired Actual Desired Actual Desired 

1976 74.2449 411.9113 412.8422 44.7450 44.9911 20.8471 21.7306 29.0301 29.3212 

1977 75.9679 456.5572 457.4881 46.8027 47.0488 21.7948 22.6783 29.5045 29.7956 

1978 77.2589 492.8466 493.7775 56.7663 57.0124 23.5242 24.4077 31.0520 31.3431 

1979 78.1159 556.3967 557.3276 62.8425 63.0886 25.6109 26.4944 33.2773 33.5684 

1980 81.5805 699.8036 700.7345 73.1481 73.3942 29.8574 30.7409 35.0835 35.3746 

1981 82.2223 745.5902 746.5211 69.1239 69.3700 30.4480 31.3315 34.9389 35.2300 

1982 83.6111 807.3392 808.2701 81.9831 82.2292 32.1369 33.0204 35.5859 35.8770 

1983 86.1967 915.3293 916.2602 90.5901 90.8362 35.7549 36.6384 37.8740 38.1658 

1984 92.9765 1184.912 1185.843 102.731 102.977 41.1825 42.0660 45.2390 45.5302 

1985 97.7793 1414.990 1415.921 104.835 105.081 50.0454 50.9289 51.7694 52.0605 

1986 100.026 1532.912 1533.843 113.317 113.563 54.6449 55.5284 55.0160 55.3071 

1987 102.29 1658.686 1659.617 121.561 121.807 59.5892 60.4727 58.4133 58.7044 
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Numerical Algorithm Grouping Library (NAGLEB)1. The computed relative prices and the 

actual relative prices are reported in Table 4.3 covering the period from 1976-87. 

Figures 4.1 through 4.5 depict the graphs of the actual and computed prices by 

sectors. In order to compare actual and computed prices, we calculate three descriptive 

statistics. These are the mean, standard deviation (SD) and the coefficient of variation. The 

mean is a measure of central tendency. The standard deviation and coefficient of variation 

(standard deviation/mean) are measures of dispersion with respect to each simulation 

experiment. Furthermore, we use the mean absolute percentage error (MAPE) (Klein, 

1974) as a measure of the discrepancies between the actual and computed prices. The 

MAPE is defined as 

i * i 

M P. " P-
1 N I l 

MAPE = ̂  £ xlOO (4.3) 
N=l P; 

where E and P. represent actual and computed prices respectively, and N is the number 

of simulation periods. In this context, the MAPE is interpreted as a measure of the degree 

of price distortion and inefficiency due to the lower incentive to workers in the non-

agricultural sectors of the economy. 

Figures 4.1 through 4.5 show that when a reform measure similar to that in the 

agricultural sector is introduced into the industrial, construction, transportation and 

commercial sectors, or more specifically, the bonus ratio in these sectors is set equal to 

unity, the computed prices of the agricultural and construction sectors are higher than the 

1 The NAGLIB is an English version of MIN1PAC developed by Docanunt 
Argonne National Labs. See C05NBF-NAG Fortran Library Routine (1983). pp 1-
5. 
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Table 4.3 

Actual and Computed Relative Prices by Sectors 

Year Agriculture Industry Construction Transportation Commerce 

Actual Computed Actual Computed Actual Computed Actual Computed Actual Computed 

1976 0.3176 0.3284 0.1337 0.1302 0.1790 0.1860 0.1520 0.1463 0.2178 0.2133 

1977 0.3104 0.3258 0.1315 0.1295 0.1795 0.1807 0.1527 0.1481 0.2209 0.2149 

1978 0.3192 0.3326 0.1296 0.1275 0.1793 0.1804 0.1501 0.1456 0.2186 0.2139 

1979 0.3629 0.379! 0.1217 0.1152 0.1706 0.1813 0.1387 0.1292 0.2061 0.1952 

1980 0.3729 0.3886 0.1175 0.1125 0.1672 0.1740 0.L330 0.1252 0.2095 0.1997 

1981 0.3825 0.3973 0.1140 0.1109 0.1669 0.1685 0.1289 0.1232 0.2078 0.2000 

1982 0.3842 0.3991 Cl l i ' ! 0.1088 0.1689 0.1707 0.1267 0.1210 0.2083 0.2004 

1983 0.3904 0.4055 0.1088 0.1055 0.1718 0.1740 0.1233 0 117'1 0.2058 0.1977 

1984 0.3878 0.4011 0.1047 0.1016 0.1735 0.1755 0.1320 0.1260 0.2021 0.1941 

1985 0.3851 0.3985 0.1073 0.1026 0.1720 0.1737 0.1336 0.1274 0.2054 0.1959 

1986 0.3878 0.4001 0.1048 0.1015 0.1729 0.1758 0.1322 0.1258 0.2012 0.1968 

1987 0.3883 0.4006 0.1083 0.1014 0.1727 0.1759 0.1320 0 1254 0.2026 0.1966 

Mean 0.3658 0.3788 0.1161 0.1123 0.1729 0.1760 0.1363 0 1301 0.2088 0.2031 

SD 0.0312 0.0310 0.0106 0.0111 0.0044 0.0043 0.0100 0.0105 0.0067 0.0086 

CV 0.0022 0.0022 0.0912 0.0985 0.0003 0.0003 0.0007 0 0803 0.0321 0.0425 

MAPE 1.68 2.02 3.24 2.07 2.14 
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actual prices, while the computed prices of the industrial, transportation and commercial 

sectors are lower than the actual prices. 

The computed descriptive statistics reported in Table 4.3 show that in the 

agricultural sector, the mean of the computed prices is 0.3788 which is greater than that of 

the actual prices, 0.3658. The greater value of the mean for the computed prices indicates 

that they are higher than the actual prices. The standard deviation of the actual prices is 

0.0312 which is very close to that of the computed prices 0.0310. The coefficient of 

variation of the actual prices is exactly equal to that of the computed prices. They are equal 

to 0.0022. The value of MAPE is 1.68. 

The mean of the computed industrial prices is 0.1123 which is smaller than that of 

the actual prices, 0.1161, indicating that the actual prices are higher than the computed 

prices. The standard deviations of the actual and computed prices are equal to 0.0106 and 

0.0111 respectively. The coefficient of variation of the actual prices is equal to 0.0912 and 

is equal to 0.0985 for the computed prices. The value of MAPE is 2.02. 

In the construction sector, the mean of the computed prices is 0.1760 which is 

greater than that of the actual prices, 0.1729, implying that t>e computed prices are higher 

than the actual prices. The standard deviation of the actual prices is 0.0044 which is very 

close to that of the computed prices, 0.0043. The coefficient of variation of the actual prices 

is exactly equal to that of the computed prices, both being 0.0003. The value of MAPE is 

3.24. 

The mean of the computed transportation prices is 0.1363 which is greater than that 

of actual prices 0.1301, indicating that the computed prices are lower than the actual prices. 

The standard deviation of the actual prices is equal to 0.0100 which is slightly smaller 'ban 

that of the computed prices, 0.0105. The coefficient of variation of the actual prices is 

0.0007 which is significantly smaller than that of the computed prices, 0.0803. The value 

of MAPE is equal to 2.07. 
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The mean of the computed prices of the commercial sector is equal to 0.2031 which 

is smaller than that of the actual prices, 0.2088. The greater value of the mean of the actual 

prices indicates that they are higher than the computed prices. The standaid deviations of 

the actual and computed prices are equal to 0.0067 and 0.0086 reflectively. The coefficient 

of variation of the actual prices is equal to 0.0321, and is equal to 0.0425 for the computed 

prices. The value of MAPE is 2.14. 

The computed descriptive statistics in Table 4.3 and the graphic results in Figures 

4.1 through 4.5 show that the computed equilibrium prices of the agricultural and 

construction sectors are higher than the actual prices, while the computed equilibrium prices 

of the industrial, transportation and commercial sectors are lower than the actual prices. The 

variations of relative prices reflect the changes in demand and supply in the system in 

response to the increase in incentives to workeis in the non-agricultural sectors. Given the 

initial increases in supply at existing prices for each of the four non-agricultural sectors due 

to the increase in the bonus ratio as shown in Table 4.1, we expect a decline in prices in 

these sectors because of the downward pressure from excess supply. In particular, (he 

sector with a smaller bonus ratio, and therefore, a greater discrepancy of A - A is expected 

to experience a greater decrease in price, while the sector with a greater bonus ratio, 

therefore the smaller discrepancy of A - A is expected to have a smaller decrease in the 

price. Furthermore, to satisfy the price normalization rule, the price adjustment system 

allows decreases in some prices contemporaneous with increases in others, so that the sum 

of all relative prices is equal to unity. The results of the final experiment show the decreases 

in the prices of outputs produced by industrial, transportation and commercial sectors 

which are associated with the greater discrepancies of A - A , and the increases in the prices 

of the agricultural and construction sectors which are associated with zero and smaller 

discrepancies of A - A . 
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The results of the experiment also suggest some interesting economic implications. 

The discrepancies between the actual and computed prices indicate the degree of price 

distortion and inefficiency of production under the original level of the worker's marginal 

utility of effort. If we sum up the values of MAPE of all five sectors, we obtain the total 

value of MAPE of the economy which is equal to 11.5 percent. This figure tells us that if 

the workers in the industrial, construction, transportation and commercial sectors are given 

the incentive of a bonus ratio equal to unity, one may correct the price distortion and 

inefficiency of production due to the lower level of the marginal utility of effort by 11.5 

percent. 

Comparing the value of MAPE for each sector reported in Table 4.3, we see that the 

value of MAPE of the agricultural sector is smaller than those of the other non-agricultural 

sectors. The value of MAPE for the agricultural sector is equal to 1.68, while the values of 

MAPE for the industrial, construction, transportation and commercial sectors are equal to 

2.02, 3.24, 2.07 and 2.14 respectively. The smaller value of MAPE for the agricultural 

sector implies that the difference belween the original and the new equilibrium quantity of 

output is relatively small. In fact, since the bonus ratio of the agricultural sector is already 

unity, the computed supply at the existing price is equal to the actual level of supply. Such 

equality of actual and computed supply provides evidence of the greater emphasis placed on 

the agricultural sector than on the non-agricultural sectors by the economic reforms. The 

discrepancies between the actual and computed agricultural prices are the results of changes 

in the structure of outputs in the non-agricultural sectors in response to the increase in the 

bonus ratio. They are a spillover effect from the price distortion and inefficiency in the 

othei non-agricultural sectors. 

The discrepancies between the actual and computed prices in the agricultural sector 

also suggest that given the economic linkages among sectors, a more comprehensive 

reform package is required because of the need to change the structure of output. To 

i ' 



103 

facilitate such structural changes, economic reforms in any sector must keep the same pace 

with reforms in other sectors, otherwise sectors in which no deep reforms have taken place 

will become a burden to sectors in which reforms have been undertaken, A comprehensive 

reform package helps ensure that the costs and benefits of economic transformation arc 

broadly shared among the sectors. 

4.3 Simulation experiment: outputs 

Once the equilibrium relative prices for each sector are determined, sectoral 

equilibrium output at (3 = 1, i=2,...,5 can easily be derived by assigning the equilibrium 

price to the supply function for each sector. More specifically, we assign the computed 

equilibrium prices reported at Table 4.3 to the corresponding supply functions (2.15) and 

(2.23). The computed equilibrium output and actual output by sectors are displayed in 

Table 4.4. 

The computed descriptive statistics show that in the agricultural sector the mean of 

the computed equilibrium output is 86.0278 which is slightly greater than that of the actual 

output 86.0225. The standard deviation of the actual output and of the computed output arc 

equal to 9.8463 and 9.8458 respectively. The coefficient of variation of the actual output is 

equal to 0.11446, and is equal to 0.0234 for the computed output. The value of MAPE is 

0.0063516. 

The computed industrial output in each year is smaller than the actual output in the 

corresponding year. This is reflected in the mean of the computed equilibrium output for 

the industrial sector which is 906.4344 being smaller than that of the actual output, 

906.4395. The standard deviations of the actual and computed output are equal to 

438.3362 and 438.3352 respectively. The coefficient of variation of the actual output is 

equal to 0.48358, and is equal to 0.483582 for the computed output. The value of MAPE is 
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Table 4.4 

Actual and Computed equilibrium output by Sectors (100 million Yuan) 

Year Agriculture Industry Construction Transportation Commerce Total Output Computed output 

Actual Computed Actual Computed Actual Computed Actual Computed Actual Computed Actual Computed Actuai Outputs 

1976 74.2449 74.2498 411.9113 411.9072 44.7450 44.7497 20.8471 20.8448 29.0301 29.0274 580.7784 580.7789 0.00050174 

1977 75.9679 75.9750 456.5572 456.5548 46.8027 46.8065 21.7948 21.7939 29.5045 29.5009 630.6271 630.6311 0.00395454 

1978 77.2589 77.2649 492.8466 492.8441 56.7663 56.7700 23.5242 23.5233 31.0520 31.0492 681.4480 681.4516 0.00357409 

1979 78.1159 78.1217 556.3967 556.3884 62.8425 62.8510 25.6109 25.6024 33.2773 33.2716 756.2352 756.2433 0.00814460 

1980 81.5805 81.5863 699.8036 699.7971 73.1481 73.1553 29.8574 29.8519 35.0835 35.0781 919.4686 919.4731 0.00445240 

1981 82.2223 82.2273 745.5902 745.5861 69.1239 69.1293 30.4480 30.4467 34.9389 34.9353 962.3233 962.3247 0.00135539 

1982 83.6111 83.6162 807.3392 807.3350 81.9831 81.9886 32.1369 32.1354 35.5859 35.5820 1040.656 1040.657 0.00108933 

1983 86.1967 86.2025 915.3293 915.3249 90.5901 90.5959 35.7549 35.7531 37.8747 37.8695 1165.746 1165.746 0.00034025 

1984 92.9765 92.9810 1184.912 1184.909 102.731 102.736 41.1825 41.1809 45.2391 45.2350 1467.041 1467.041 0.00005541 

1985 97.7793 97.7838 1414.990 1414.983 104.835 104.841 50.0454 50.0440 51.7694 51.7644 1719.417 1719.419 0.00264790 

1986 100.026 100.031 1532.912 1532.907 113.317 113.323 54.6449 54.6426 55.0160 55.0131 1855.916 1855.917 0.00087463 

1987 102.29 102.295 1658.686 1658.676 121.561 121.567 59.5892 59.5866 58.4133 58.4094 2000.534 2000.540 0.00517540 

Mean 86.0225 86.0278 906.4395 906.4344 80.7038 80.7094 35.4530 35.4505 39.7321 39.7280 1148.350 1148.351 0.0007229 

SD 9.8463 9.8458 438.3362 438.3352 25.9814 25.9817 13.1534 13.1538 10.2655 10.2654 496.8420 496.8409 0.0036464 

CV 0.11446 0.11444 0.483580 0.483582 0.32193 0.32191 0.37101 0.37105 0.25837 0.25839 0.432657 0.432656 5.0439872 

MAPE 0.0063516 0.00063664 0.0074788 0.00829263 0.01071648 0.000034196 
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0.00063664. 

In the construction sector, the computed output in each year is greater than the 

actual output in the corresponding year. This is reflected in the mean of the computed 

equilibrium output which is 80.7094 being greater than that of the actual output, 80.7038. 

The standard deviations of the actual and computed output are very close to each other, 

being 25.9814 and 25.9817 respectively. The coefficient of variation of the actual output is 

0.32193 and is equal to 0.32191 for the computed output. The value of MAPE is 

0.0074788. 

The computed transportation output in each year is smaller than the actual output in 

the corresponding year. This is reflected in the mean of the computed equilibrium output 

which is 35.4505 being smaller than that of the actual output, 35.4530. The standard 

deviations of the actual output and computed output are equal to 13.1534 and 13.1538 

respectively. The coefficient of variation of the actual output is 0.37101, and is equal to 

0.37105 for the computed output. The value of MAPE is 0.00829263. 

In the commercial sector, the computed output in each year is smaller than the actual 

output in the corresponding year. This is reflected in the mean of the computed equilibrium 

output which is equal to 39.7280 being smaller than that of the actual output, 39.7321. The 

standard deviation of the actual output is 10.2655 and is equal to 10.2654 for the 

computed output. The coefficients of variation of the actual and computed output are equal 

to 0.25837 and 0.25839 respectively. The value of MAPE is equal to 0.01071648. 

In the analysis of the directions and magnitudes of changes in the equilibrium 

outputs described above, it is necessary to focus not only on the sign and size of the 

relevant direct price elasticities of demand and supply, but also on the sign and size of the 

cross price elasticities of these same functions. With respect to the latter, a perusal of the 

estimated equations shows that, on the demand side, not all outputs are pairwise substitutes 

of each other. For instance, the demand function for the agriculture sector suggests a 
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relation of complementarity with the industrial sector, a possibility that cannot be rejected 

out of hand, particularly when the statistical results appear to be significant. Note that the 

increase in the agricultural equilibrium output is not only caused by the increase in the 

relative agricultural price but also, due to the negative cross price elasticity of demand, by 

the fall in the relative price of the industrial sector. It has been suggested that, at the level of 

aggregation of a model like the one developed in this study, substitution effects may easily 

be lost (Mansur & Whalley, 1971). However, this phenomenon need not always be 

explained away by reference to the supposedly unsatisfactory nature of the aggregate data; 

it may well be the logical reflection of underlying structural, economic or technological 

relationships. There is no apriori reason why each pair of outputs should be substitutes for 

each other although, clearly, in a system with normalized relative prices, neither is it 

feasible for all outputs to be complementary. Of course, a detailed study of these 

possibilities would require access to and the investigation of, more disaggregate demand 

and supply data than that which is currently available to us. 

The changes in the equilibrium output described above could be explained by the 

following demand and supply analysis. Let us first examine the supply side of the market. 

Given the structure of computed relative prices, we expect increases in supply of the 

agricultural, construction and transportation sectors and decreases in supply of the 

industrial and commercial sectors, as supply is directly associated with the level of prices. 

It should be noted that the decrease in the transportation price results in an increase in 

supply in the transportation sector because of the negative value-added elasticity of supply. 

The impact of changes in relative prices on demand and eventually on equilibrium 

outputs can be seen in Table 4.5. In the agricultural sector, a decrease in the industrial price 

increases the demand for agricultural products, owing to the negative cross price elasticity 

of demand between the agricultural and industrial sectors. This increase in demand 

outweighs the decrease in demand caused by the increase in the agricultural price which is 



Table 4.5 Price Elasticities of Demand and Supply 

Price Elasticities of Demand Changes Price Elasticities Equilibrium 
Agriculture Industry Construction Transportation Commerce in Demand of Supply Output 

Agriculture 

Industry 

Construction 

Transportation 

Commerce 

-0.1239 -0.6342 

-1.1911 

-0.9336 

0.6965 

-0.6165 

0.7798 

0.6325 

0.5896 -0.6342 

t 
I 
T 
4 
T 

0.1984 

0.2675 

0.1966 

-0.1692 

0.1705 

t 
i 
t 
1 
1 
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associated with the negative own price elasticity of demand. As a result, the increases in 

both demand and supply give rise to a higher level of equilibrium output at the higher 

agricultural price. 

In the industrial sector, where the own price elasticity of demand is negative, a 

decrease in the industrial price increases demand for industrial output. This increase in 

demand, however, is offset by the increase in the agricultural price, which coupled with the 

negative cross price elasticity of demand between the agricultural and industrial sectors, 

results in a net decrease in demand for industrial output. With both supply and demand 

decreasing, equilibrium output for the industrial sector falls as the industrial price falls. 

In the construction sector, the own price elasticity of demand is positive, whereas 

the cross price elasticity of demand between the construction and industrial sectors is 

negative. Hence both an increase in the construction price and a decrease in the industrial 

price will increase the demand for output of the construction sector. This increase in 

demand, coupled with the increase in supply due to the higher construction price gives rise 

to a higher level of equilibrium construction sector output at the higher construction price. 

For the transportation sector, demand and supply move in opposite directions. Both 

the own price elasticity of demand in the transportation sector, and the cross price elasticity 

of demand between the transportation and industrial sectors are positive. Hence decreasing 

prices in both the transportation sector and the industrial sector will result in decreases in 

demand transportation sector output. As mentioned earlier, a decline in the transportation 

price will, owing to the negative value-added elasticity of supply for transportation output, 

actually increase supply in this sector. The decrease in the equilibrium output reflects the 

fact that the decrease in demand dominates the increase in supply. 

A decline in the commercial price increases the demand for commercial output, due 

to the negative own price elasticity of demand in this sector. This increase in demand 

outweighs the decrease in demand which is caused by a fall in the transportation price 
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operating through the positive cross price elasticity of demand between the commercial and 

transportation sectors. However, this net increase in demand is offset by the decrease in 

supply, so that equilibrium output declines. 

Finally, we evaluate the efficiency gain of increasing incentives to workers in the 

non-agricultural sectors. First, we ccupute the descriptive statistics for the total actual and 

computed equilibrium outputs. The mean of the computed equilibrium outputs is equal to 

1148.351 which is greater than that of the actual output, 1148.350, indicating that the total 

computed equilibrium outputs are greater than the actual outputs. The standard deviation of 

the actual outputs is 496.842, and is equal to 496.8409 for the computed outputs. The 

coefficients of variation of the actual and computed outputs are equal to 0.432657 and 

0.432656 respectively. The value of MAPE is equal to 0.000034196. 

The computed descriptive statistics tell us that with (3 = 1, i=2,...,5, the computed 

equilibrium outputs of the agricultural and construction sectors are greater than the actual 

outputs, while the computed outputs of the industrial, transportation and commercial 

sectors are lower than the actual outputs. The total computed equilibrium outputs increase 

by ¥72290, which is the efficiency gain that results when workers in the non-agricultural 

sectors are given greater incentives to work. It is true that the magnitude of this efficiency 

gain is relatively small. However, considering the fact that no reallocation of resources 

occurs in the experiment since the allocation ofresources is assumed to be determined by 

the government, the magnitude of the efficiency gain provides a reasonable reflection of the 

improvements in economic performance which are induced purely by changes in workers' 

effort. In other words, if reallocation ofresources were to be allowed, we would expect the 

efficiency gain to be much larger. Hence these results suggest that economic reforms, by 

introducing a reform measure similar to that currently in place in the agricultural sector into 

the non-agricultural sectors, will make a significant contribution to the improvement of 

productive efficiency in the Chinese economy. 
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The efficiency gain can be illustrated by Figure 4.6. Assume that there are only two 

goods in the economy: industrial products x.and construction products x. PP' is the 

production possibility frontier representing the maximum amount of any one good that can 

be produced in an economy given the output of the other good, the resource constraint and 

technology. A point such as A lepresents a combination of industrial and constmction 

products which is produced at 0 < (3 < 1, i=2, 3. When the bonus ratio in the industrial and 

construction sectors is increased *o unity, workers in these two sectors are given greater 

incentives to work so that more output can be obtained from a given amount of labour and 

capita!. The product combination of industrial and construction products shifts from the 

point A, which is associated with a lower level of marginal income of effort, to a point such 

as B on the production possibility frontier PP'. This increase in outputs means that 

previously unattainable combinations of well-being are now possible. The distance between 

the point A and the point B on the production possibility frontier PF represents the 

efficiency gain made by the increase in labourers' effort. It should be noted that this 

efficiency gain is a result of the increase in incentives to the workers employed in the 

industrial and construction sectors. Reallocation of resources does not occur since the 

allocation ofresources is assumed to be determined by the government. 
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CHAPTER 5 

Conclusion 

In this study we constructed a CGE model for the Chinese economy which is used 

to examine the impacts of the economic reforms on the Chinese economy. 

The economic reforms in China which have been undertaken since 1978 are mainly 

diotinguished by two important reform programs: the contract responsibility system in the 

agricultural sector and the profit retention system in the industrial, construction, 

transportation and commercial sectors. Under the contract responsibility system, a typical 

household in the agricultural sector is allowed to organize resources at its disposable to 

produce the output required to meet its state contract quotas. Any surplus after meeting the 

contract quota could be sold on the free market. In the industrial, construction, 

transportation and commercial sectors, the profit retention system requires a business 

enterprises to hand over a certain percentage of profits to the state, and the remaining profits 

could be used to supplement wages in the form of bonuses and other welfare funds. These 

two reform programs have provided incentives to peasants and workers, thereby allowing 

them to augment their income by virtue of their superior performance. In addition, 

decentralization of decision-making led to an expansion of the market activities significantly. 

Thus, a dual price system has emerged wherein free market prices coexisted with the state 

controlled prices which are often lower. However, allocation of factors of production is still 

subject to tight control by the government. The CGE model of the Chinese economy 

constructed in this study was designed to capture the above institutional traits of the post-

reform Chinese economy. 

The model consists of five sectors, namely, agriculture, industry, construction, 

transportation and commerce. For the supply side of the market, the standard assumption 

that firms maximize profits is replaced by the assumption of utility-maximization by 
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113 

individual agents. More precisely, each labourer's utility is expressed as a function of 

income and effort. By utility maximization, the individuil labourer determines his optimal 

income and effort level given the prices. Labourer's effort will be increased only if the 

marginal income of effort is positive. The individual labourer's supply of output is a result 

of applying his optimal effort level to the production process. 

The demand side of the economy consists of four components, namely, 

consumption, investment, intermediate demand and net export. The behaviour of private 

demand for consumption goods is explained by a two stage optimization model. In the first 

stage, given the optimal effort, the typical household determines the optimal level of output 

he is willing to supply, which, in turn, determines his optimal level of income. Once the 

optimal income is determined, the consumer then arrives at the second stage of 

maximization, namely, optimal allocation of the expenditures over consumption goods 

produced by firms in different sectors. The household makes its choices in the system of 

dual markets in which the individual may buy a maximum of goods from state-operated 

stores at the official prices. However, if he wants to consume this goods in excess of that 

maximum, the additional quantity must be purchased on the free market at higher prices. 

The sectoral supply and private consumption functions are estimated by using a 

simultaneous structural estimator like the two-stage least squares estimator (2SLS). Given 

the estimated supply and demand functions, the CGE model could be reduced to a set of 

excess demand equations along with a price normalization rule. The solution to the CGE 

model is reduced to a problem of finding a vector of equilibrium relative prices such that 

excess demand is equal to zero in each sector. 

To examine the effects of the economic reforms introduced in China since 1978, the 

estimated structure of the CGE model of the Chinese economy is used to conduct a 

simulation experiment. This sri dation experiment consists in computing a set of 

equilibrium relative prices and of equilibrium outputs assuming the bonus ratio to be unity in 

all four non-agricultural sectors and comparing these equilibrium prices and outputs with 
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actual relative prices and outputs. The results of the simulation experiment show that when 

the bonus ratio setting equal to 1 in all four non-agricultural sectors of the economy, the 

computed equilibrium outputs of agricultural and construction sectors are greater than the 

actual outputs, while the computed outputs of the industrial, transportation and commercial 

sectors are lower than the actual outputs. The results of experiment show that the efficiency 

gain of allowing the bonus ratio to be unity is small. This is because no reallocation of 

resources is allowed in the the experiment. If reallocation of resources is allowed, the 

efficiency gain is expected to be much bigger. 

The model's behaviour in the experiment is, basically, theoretically reasonable, and 

so are the empirical results. The model does indeed provide a valid laboratory for the 

experiment and yield useful insights into the responses of the economy to the potential 

reform measure. In developing the CGE model of the Chinese economy, some important 

implications of our study merit further discussion. 

First, in specifying the supply behaviour of an typical labourer, the approach used in 

this study distinguishes our model from others in the way that some important institutional 

features of the post-reform Chinese economy are incorporated into the model through 

assuming dependency of output supplied on labourer's effort. It is assumed that a typical 

labourer is a utility-maximizer who receives utility from income aid disutility from effort. 

Labourer's effort will be increased only if the marginal income of effort is positive. Supply 

is determined by applying an optimal effort level to the production process. Thus, changes 

in supply are the results of the changes in labourer's effort which are induced by changes in 

relative prices. It is the changes in labourer's effort, rather than reallocation of resources 

which features in most CGE applications, that play a leading role in determining interaction 

between demand and supply and the structure of outputs. Reallocation ofresources does not 

occur because the allocation of production inputs are exogenously determined by the 

government. Hence, output supplied of each sector cannot be derived in the same manner as 
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under the assumptions of profit-maximization or cost-minimization in the conventional 

microeconomic theory. 

Second, in specifying the profit retention program, profit is assumed to be the short-

run profit representing the difference between revenue and short-run variable cost which 

includes intermediate inputs and other operation costs. Capital investment is done by 

government and hence is external to the firm. Therefore, it is excluded from short-run cost 

calculation. As a result, "income of the firm" is more restricted than the usual concept of 

"profit of the firm". "Income maximizing" distinguishes from "profit maximizing" in the 

way that the firm chooses a production plan which maximizes its income, but that does not 

necessarily imply that the chosen production plan is also the profit maximizing one in the 

conventional microeconomic-theoretic sense. 

Third, in estimating the supply function for the agricultural sector, we have 

successfully applied the Chow test to detect a structural shift around 1978 in which the 

economic reforms have been launched. The outcome of this test is important in the sense 

that rejection of the null hypothesis implies a significant impact of the economic reforms on 

the agricultural production in the post-reform period. However, structural shift also implies 

that the data covering the pre and post-reform period should not be pooled to estimate the 

supply function and that separate regressions are needed, one for the pre-reform periods and 

the other for the post-reform period. In the present study, we are precluded from taking this 

approach as the available number of observations in each sub-sample is small enough to 

make the parameter estimates less reliable, which is particularly true for the post-reform 

period. Instead, a time-varying parameter estimation approach is adopted, which specifies 

explicitly a more general model embodying parameter variability over time. This is achieved 

by using a recursive formula for least squares estimation with forgetting factors. This 

method traces the structural changes in the sector by using forgetting factors to gradually 

phase out the influence of old data, and put more weight on the more recent data. In 

estimating the supply functions for the industrial, construction, transportation and 
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commercial sectors, no structural shift is detected during the period of our study. This 

implies that the economic reforms have not brought significant changes in terms of 

production and productivity in these sectors. 

Fourth, in interpreting estimation results of private consumption demand functions, 

we notice that the substitution effect may be easily lost, particularly at the level of 

aggregation of a model like the one .developed in this study. Price indices tend to move in 

the same direction following similar patterns, making substitution possibilities hard to detect 

from the data (Mansur & Whalley, 1971). However, this phenomenon need not always be 

explained away with reference to the supposedly unsatisfactory nature of the aggregate data; 

it may well be the logical reflection of underlying structural and technological relationships. 

There is no apriori reason why each pair of outputs should be substitutes of each other, it is 

neither possible that all outputs be complementary. The substitution effect may become more 

important if more disaggregate demand and supply data are used. 

Fifth, the negative direct value-added elasticity of supply in the transportation sector 

and postive price elasticity of private consumption demand for construction and 

transportation products may suggest a strong interference by government and a less 

important role for market forces in these sectors. Of course, one cannot be sure that this is 

the correct explanation. 

Finally, as already mentioned in the previous chapters, the computed efficiency gain 

due to the greater incentives to workers in the non-agricultural sectors is relatively small. 

The small magnitude of efficiency gain is explained by the fact that no reallocation of 

resources occurs in the experiment since the allocation of resources is assumed to be 

determined by the goverr.ivsent. It is believed that the magnitude of the efficiency gain is 

reasonable in reflecting the improvements of economic performance which is simply 

induced by changes in workers' effort. In other words, if resources are allowed to be 

allocated freely among sectors, the efficiency gain is expected to be much larger. However, 

information about reallocation ofresources is not available at the present stage of research. 
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What will the efficiency gain be, when resources are allowed to be freely allocated among 

sectors coupled with greater incentives to workers in the non-agricultural sectors, requires 

further exploration. This question is left for the next stage of research when the information 

about the allocation ofresources becomes available. 
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