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This paper examines the productivity growth and its sources in 39 Chinese industries in the post-reform 
period 1980-85. We use both the gross-output and value-added models to isolate the contributions 
of labor, capital, materials and technical efficiency to growth in industrial output. Using new data 
from the National Industrial Census of China (1988) for large and medium-size enterprises, we find 
that Chinese industries, in particular, those in the manufacturing experienced sharp increases in total 
factor productivity growth in the 1984-85 period as compared to the 1980-84 period. Moreover, 
collective and private enterprises show higher output and total factor productivity gains than do state 
enterprises. Our regression results show that total factor productivity gains are closely tied to increases 
in retained profits and the proportion of total employees that are technical workers. However, labor 
bonuses have a negative effect on total factor productivity growth. 

Note: The judgements and conclusions herein are those of the authors and do not necessarily 
reflect those of the Census Bureau. We thank Mark Doms, Judith Banister, and two anonymous 
referees for their helpful comments, and Marilyn Hug and Rebecca Turner for their skillful typing. 
The authors are responsible for any remaining errors. 

A striking feature of Chinese economic policy in the past decade is the 
implementation of economic reforms that followed a period of stagnation in 
industrial productivity (e.g. see Rawski, 1984; Perkins, 1988; and Lardy, 1989). 
To promote economic growth, in December 1978 the Third Plenum of the Eleventh 
Central Committee of the Communist Party of China declared a strategic shift 
to a policy of economic modernization. One major goal of the new policy was 
to improve industrial productivity with various measures, including: (1) allowing 
the formation of private enterprises, (2) permitting state-owned and collective 
enterprises to retain a portion of their profits (3) devolving a greater degree of 
decision-making to factory managers and drastically reducing the scope of plan- 
ning, (4) introducing material incentives such as bonuses to labor, and (5) 
increasingly relying on markets for inter-industry resource allocation.' 

How successful have these reforms been? Recent studies show that they have 
been very successful in agriculture.' However, evidence from aggregate studies 
indicates that Chinese industrial total factor productivity (TFP) declined sharply 

'Details of these measures are amply discussed in Field, 1984; Tidrick and Chen, 1987; Naughton, 
1986; Byrd, 1987; Wu and Reynolds 1987; and others. 

 or example, McMillan, Whalley, and Zhu (1989) found that output in the Chinese agricultural 
sector increased by over 61 percent between 1978 and 1984. 



in 1982, four years after the initial reform in 1978.~ This decline, among other 
things, led to a new wave of reforms in 1983 and 1984. These reforms include 
four major measures: (1) reducing the number of leadership positions in enter- 
prises, (2) further expanding decision-making for enterprise managers, (3) sub- 
stituting income taxes for remission of profits to the state, and (4) lifting the 
ceiling of b o n u ~ e s . ~  

The purpose of this paper is to examine TFP growth and its sources in 39 
Chinese industries (11 in non-manufacturing and 28 in manufacturing) in the 
post-reform period 1980-85. To do so, we calculate TFP growth rates for each 
industry for two periods 1980-84 and 1984-85. We then use regressions to analyze 
factors explaining differences in TFP growth across industries. 

We undertake this research for the following important reason. Most previous 
studies on the post-reform economic performance of China are based on aggregate 
data at the national level (e.g. see Yeh, 1984; Naughton, 1987; and Perkins, 1988) 
or at the sectoral level (e.g. see Field, 1984; Kuan et al., 1988; and McMillan, 
Whalley, and Zhu, 1989). These studies are important for evaluating China's 
post-reform economic performance at the macro level. However, analysis of 
individual industries should provide valuable insights into differences in produc- 
tivity performance among industries and factors determining these differences 
(e.g. see Perkins, 1988; and Kuan et al., 1988). 

We use the new and most comprehensive data yet available on Chinese 
industries in the National Industrial Census of China (1988), which provides 
information on outputs, inputs, and other variables by branch of industry and 
by type of enterprise.' While the data set is valuable, as with most data sets, it 
is subject to certain limitations. Among other things, it does not contain data on 
input prices, and hence real inputs are measured with error. Also, the lack of 
detailed data on labor compensation and the allocation inputs to production and 
non-production activities makes it difficult to estimate the individual sources of 
TFP growth. 

In spite of these data problems, our results are qualitatively robust, and 
provide several important findings. First, at the total industry level, the results 
uniformly show a positive change in TFP growth from 1980-84 to 1984-85. This 
improvement comes from manufacturing as non-manufacturing TFP declines in 
both periods. Second, the number of industries with positive TFP growth increases 
to 23 in 1984-85 compared to 12 in 1980-84, indicating that Chinese industries, 
in particular, those in manufacturing, responded quickly to the 1983 and 1984 

 o or example, Kuan et al., 1988, found that between 1980-82 Chinese industrial TFP declined 
by an average annual growth rate of -1.90 percent using the revised data, and -3.99 using the original 
data. Further discussions of this TFP decline can also be found in other studies including Reynolds 
(1988) and Balassa (1987). 

4 ~ e  note that it is difficult to provide the exact timing of these measures as they were implemented 
gradually. Moreover, these reform measures were applied in certain regions before others sometimes 
even before they were officially declared. For example, Sichuan province began granting more authority 
to enterprise managers long before the official declaration of the new policy of economic modernization 
by the Third Plenum in December, 1978. Beginning in October, 1978, Sichuan granted broader 
decision-making authority to a group of six industrial enterprises, and expanded this to 100 enterprises 
in early 1979. For a more detailed discussion on the 1983 and 1984 reform measures, see Field, 1984, 
for example. 

5Data by type of enterprise are available only at the total industry level. 



reforms. Third, TFP growth rates are consistently greater for collective and private 
enterprises than for state enterprises during the both ~ e r i o d s . ~  Finally, we find 
that increases in technical employment and retained profit have significantly 
positive effects on Chinese industrial TFP growth, whereas the effect of bonuses 
to labor is negative. 

In the next section, we present the empirical models. A discussion of the 
data and calculations is given in section 111. Section IV reports and discusses the 
estimated TFP growth rates. Section V examines the sources of TFP growth across 
industries and provides evidence on productivity differences by type of enterprise. 
The final section concludes the paper and offers suggestions for further research. 

Standard TFP analysis uses either the gross-output model or the value-added 
model, depending on the availability and quality of data, and units of analysis. 

1. The gross output model. The conventional methodology for measuring 
TFP is based on a production function. For a three-input model, the production 
function is written in the following general form7 

where Q(t), K(t), L(t), M(t)  are output, capital, labor, and materials at time 
t; and A(t) is an index of Hicks-neutral technical change or TFP at time t. 

Differentiating (1) with respect to t, and with some algebraic manipulation, 
one obtains the following basic TFP growth model 

(2) aq(t) = q(t) - wqkk(t) - wqli(t) - wqmm(t) (Model I), 

where, q, a, k, i, and r i ~  are the growth rates of output, TFP, capital, labor, and 
materials at time t, and wqk, wql, wqm are output elasticities of capital, labor, and 
materials. 

If constant returns to scale is assumed so that the output elasticities of the 
inputs sum to 1.0, then equation (3) can be rewritten as 

(3) a t )  = q )  - 1 - w - w k - wqli(t) - wqmm(t) (Model 11), 

Equations (2) and (3) partition output growth, q(t), into TFP growth, a(t),  
and elasticity-weighted growth rates of inputs. 

2. The valued added model. Aggregate TFP analyses, including those study- 
ing Chinese economy, often use a value-added (or net output) model rather than 
the gross-output model (e.g. see Perkins 1988; Kuan et aL, 1988; and Jefferson, 
1988). The value-added model allows the estimation of TFP growth without 
including materials inputs and is written as 

(4) a,(t) = v(t) - wOkk(t) - wUli(t) (Model 111) 

'Collective enterprises are those owned by "collectives," which include county, city, urban 
neighborhood, town, and people's commune. State enterprises are owned and operated by government 
departments, army units, scientific research institutes, etc. 

'This methodology traces to the pioneering work of Solow (1957) and later used in many 
productivity studies such as those by Denison, 1967; Griliches and Jorgenson, 1967; and Lieberman, 
Lau, and Williams, 1990. 



where i, k, x, a, denote the growth rates of value added, capital, labor and TFP, 
and wok and w,, denote output elasticities of capital and labor. 

Assuming constant returns to scale so that wvk + wvl = 1.0, then equation (4) 
is rewritten as 

a,(t) = ~ ( t )  -(I - wVql)k(t) - wVqli(t) (Model IV). 

The value-added model differs from the gross-output model in the concept 
of output. The gross-output measure includes all measurable inputs (e.g. capital, 
labor, materials, and energy) as sources of income, and is defined as total value 
of shipments of finished goods adjusted for inventory changes. In contrast, the 
value-added specification allocates the origins of output to the services of two 
conventional factors: capital and labor. Accordingly, value added is defined as 
gross output minus the value of purchased materials and service inputs. 

If outputs and inputs are accurately measured, the gross-output model is 
the correct one because, as with capital and labor, materials is a legitimate 
substitutable input. In practice, however, the value-added model is often preferred 
when the analysis is undertaken at aggregate levels such as the whole economy 
or total manufacturing sector. At these levels of aggregation, double-counting 
problems are unavoidable in the gross-output measure because the output of one 
industry is often purchased by another industry for assembly into final goods. 
However, for analysis at micro levels of detail where there are little intra-industry 
sales, the gross-output model is required. 

For analysis of individual industries such as ours, there are reasons for using 
either the gross-output or value-added modeL8 We, therefore, estimate TFPgrowth 
using both models. In all, we estimate four competing models, two for each 
output concept. Model I is the gross-output model specified in equation (2), 
where each wqi is calculated independently. Model I1 is the same as model I, but 
the sum of output elasticities is assumed to be equal to 1.0, equation (3). Model 
I11 is the value-added model given in equation (4) where w,, and w,, are calculated 
independently. Finally, model IV is the value-added model in which w,, is the 
residual of 1.0 minus w,,, equation (5). Estimating these models allows us to 
analyze the sensitivity of calculated TFP growth and its trend to different measures 
of output and the associated elasticities. 

1. Estimationprocedure. Estimation requires data on output (Q or V), capital 
(K), labor (L), materials (M) and output elasticities (w). While data on Q, K, 
L, and M are available, data on w are unobserved. Ideally, the elasticities should 
be estimated using a general production model that does not impose restrictive 

'An argument for the value-added model is that, even at the individual industry level, double- 
counting still exists. However, many argue that the value-added model is valid only if capital and 
labor are weakly separable from materials. Several studies have formally tested and rejected this 
condition even at the total manufacturing level. For example, to test this condition, Berndt and Wood 
(1975) used U.S. manufacturing data. They concluded that "the separability conditions for the value 
added specification are not satisfied by the data for United States manufacturing, 1947-71." (see 
p. 266.) 



assumptions about input and output markets, and production technologies. Since 
we have only three observations for each industry (one for each of the years 
1980, 1984, and 1985), it is not feasible to estimate output elasticities for each 
industry based on a production model. The lack of data obliges us to use output 
shares as proxies for output elasticities. In turn, the use of output shares will 
produce biased TFP growth rates because output elasticities can only be identified 
with output shares when markets are competitive. Even with the recent economic 
reforms, Chinese markets are far from competitive, and therefore output shares 
are biased estimates of output elasticities, and the resulting TFP growth rates are 
also biased. 

Nonetheless, even though TFP growth estimates are biased, estimates of 
changes in TFP growth from one period to another are not expected to be 
qualitatively affected by the bias. This is because changes in TFP growth are 
primarily associated with the percentage change, not the magnitude, of output 
elasticities. If output elasticities are stable and the bias is constant, then it can 
be shown that the error of the change in TFP growth equals the bias multiplied 
by the change in the growth rates of inputs.9 Since the studied period is relatively 
short (1980-85) and the reforms were gradually implemented, we do not expect 
substantial changes in output elasti~ities.'~ Thus, our analysis of changing TFP 
growth should provide a reasonable qualitative evaluation of Chinese industrial 
TFP performance in the post-reform period. 

2. Data and sources. The data are taken from the People Republic of China's 
National Industrial Census (1988), which reports data for 43 branches of industry 
for three years 1980, 1984 and 1985. These data were collected from large and 
medium enterprises, which account for about half of China's industrial output. 
Our analysis includes only 39 of the 43 industries because inconsistencies are 
present in the data for the remaining four industries. The 39 industries under 
study account for 95 percent of total output (either measured in gross output or 
value added) of all 43 industries. 

a. Output measures. Data on gross output are available in both current and 
1980 constant yuans. We derive an output price deflator by dividing gross output 
valued in current yuans by its 1980 constant yuan value. Data on value added 
are available only in current yuans. To obtain "real" value added we divide value 
added in current yuans by the derived output price deflator. 

b. Capital input. Data on the capital stock, KS, are directly available in the 
data set. They are calculated by adding each year's investment, I,, to the sum of 
assets from previous years less depreciation. That is, 

KS, =(1 -S)KS,-,+ I,, 

where 6 is a depreciation rate. 

9 ~ o r  example, if the bias in the estimate of output elasticity for each input is 10 percent, and 
the change in the growth rate of each input is 10 percent, then in a three factor model the error in 
the change of TFP equals 3 percent, which is small. 

'O~ecause the models employed in this study use different sets of output shares in calculating 
TFP growth, comparisons of the results provide a test for the sensitivity of TFP growth and its trends 
to different values of output elasticities. 



Thus, the capital stock is calculated using the widely used perpetual inventory 
method. However, there are problems with the data reported in the National 
Industrial Census. In particular, each year's investment is valued at current prices, 
and KS, and KS,-, are valued at original purchase prices. This means that changes 
in prices of capital goods lead to bias in the measure of capital stock. To obtain 
a "real" capital stock we need data on prices of capital goods. Unfortunately, 
these data are not provided. Therefore, we develop an output-weighted price 
index, PK, using output prices of five capital goods producing industries as 
deflators for the capital stock." Thus, our real capital stock, KR, is calculated as 

KR, = K,S,/ PK,. 

It is widely accepted that the appropriate measure of capital input for 
production and productivity analyses is capital services rather than capital stock 
(e.g. see Jorgenson and Griliches, 1972; and Berndt and Wood, 1975). Since the 
data used to construct a capital service price (and hence value of capital services) 
are not available, we assume that the value of capital services, K, equals the 
value of capital depreciation." Thus, our proxy for K is 

where 6, is derived by dividing total expenditure on capital depreciation by total 
values of capital stock in year t. 

c. Labor input. Data on the total number of employees for each industry 
are available. However, the reported number includes both production related 
workers and workers providing employee services such as education, health care, 
and other activities. We include only production related workers in our measure 
of labor input by subtracting the number of workers providing non-production 
related services from total number of employees. 

d. Materials. Data on materials used in production are available only in 
current yuans. Since data on materials prices are not available, we divide these 
data by the derived output deflator to obtain data on "real" materials input. This 
procedure implies that the price of materials relative output price equals 1.0 
through time. If this assumption is violated, then our estimated growth rate of 
materials is biased. For example, if the relative price of materials increases over 
time and materials use is stable (or declining), then deflating materials by output 
deflators will overestimate the growth rate of materials and therefore underesti- 
mate TFP growth. Also, if output shares are used as proxies for output elasticities, 
and constant returns to scale is assumed, deflating materials by output deflators 
yields a materials/output ratio equal to the materials' output share. Under these 
circumstances, the magnitudes of both TFP growth and decline obtained from 

"These five industries are (1) engineering industry, (2) traffic transport equipment, (3) electric 
equipment and appliances, (4) electronic and telecommunication equipment, and (5)  instruments 
and meters. 

''We note that depreciation expenditures may be arbitrary and depend on accounting practices. 
However, our calculations show that the depreciation rate for Chinese industries are rather stable 
over time (1980-85). An alternative approach is using the capital stock as a proxy for capital input; 
however, this will not alter our results because as shown in equation (8) our measure of capital input, 
K, is proportional to the capital stock. 



the value added model are much greater than those from the gross-output model 
in the years after the base year [see Baily, 1986, equation (4), p. 861. 

e. Output shares of inputs. Labor's output share is calculated by dividing 
total labor compensation (including wages, W, social welfare and security expen- 
ditures, SW, and expenditures on services provided by the non-production related 
capital stock, $)I3  by the value of gross output, VQ, (in the gross output models) 
and by value added, VA, (in the value-added models). That is, 

and 

Materials' output share is obtained by dividing the total value of materials, 
(VM), by the total value of gross output, VQ, 

Capital's output share is calculated in different ways, depending on the 
particular model used. In model I, we calculate the capital share independently 
by 

(12) S,,, = (TAX+ PROFIT)/ VQ,. 

This calculation is based on the assumption that returns to capital equal the 
sum of tax and profit.14 Similarly, in model I11 the capital's output share is 

(13) S,,, = (TAX + PROFIT)/ VA,. 

In models I1 and IV, we assume that output shares of inputs sum to 1.0, 
and the share of capital is a residual. That is, 

and 

After calculating Sqi, and S,., ( i  = K, L, M and j = K, L), we use them to 
approximate w,, and w,, in equations (2)-(5) as follows: 

13 Non-production capital includes those providing services to employees and their families such 
as living quarters, schools, nurseries, hospitals, etc. Since data on the value of non-production related 
capital services, I&, are not available, we use depreciation expenditure on non-production related 
capital as a proxy for b. 

'40pinions are divided among economists regarding the issue of whether output shares of inputs 
should add up to 1.00. For example, Jorgenson and Griliches (1972) assert that "[flor any concept 
of gross output the fundamental accounting identity for productivity measurement is that the value 
of output is equal to the value of input" (p. 67). It follows that output shares of inputs must add up 
to 1.00. In response to the Jorgenson-Griliches critique, Denison (1972) rejects the practice of 
"counting whatever is not labor earnings as capital earnings," and strongly argues that "[plroductivity 
change is precisely a measure of the degree to which the identity does not hold. There is no such 
accounting relationship between inputs and output at constant prices by any method of valuation. 
The two must be defined and calculated independently" (p. 100). In any event, our purpose of using 
both methods of calculating capital's output share is to test the sensitivity of the estimated TFP 
growth to different sets of output shares. 



and 

Substituting wqit into equations (2) and (3), and wvit into equations ( 4 )  and 
(5) yields 4 Tornqvist indexes of TFP growth. 

To analyze the sources of TFP growth, we run regressions with TFP growth 
rates as the dependent variable. The exploratory variables include the number 
of engineers and technical employees, computers, retained profits, and bonuses, 
which are available in the data set. Details on the data and variable measurement 
are fully discussed in McGuckin et al. (1990), and can be obtained upon request. 

IV. TOTAL FACTOR PRODUCTIVITY GROWTH ESTIMATES 

Tables 1 and 2 show the contributions to output growth for each of the four 
models for gross output and value added measures of output. As expected, the 
magnitude of the calculated TFP growth rates is affected by different measures 
of output. The results indicate that the magnitude of both TFP decline and TFP 
growth obtained from the value-added models are consistently greater than those 
from the gross-output models. This is expected since, as noted above, for the 

TABLE 1 
CONTRIBUTION TO OUTPUT GROWTH: KLM GROSS OUTPUT MODEL 

(Weighted Means) 

Model I Model I1 

Unrestricted Capital's Share Restricted Capital's Output 
S,, = (Tax + Profit)/ Q Share S,, - 1 - S,, - S,, 

1980-84 1984-85 Change 1980-84 1984-85 Change 

Total Industry 
TFP growth 
Output growth 
Capital growth 
Labor growth 
Materials growth 

Non-Manufacturing 
TFP growth 
Output growth 
Capital growth 
Labor growth 
Materials growth 

Manufacturing 
TFP growth -0.0065 0.0133 0.0198 -0.0102 0.0106 0.0208 
Output growth 0.0571 0.0957 0.0386 0.0571 0.0957 0.0386 
Capital growth 0.0231 0.0194 -0.0037 0.0263 0.0220 -0.0043 
Labor growth 0.0022 0.0014 -0.0008 0.0022 0.0015 -0.0007 
Materials growth 0.0383 0.0617 0.0234 0.0388 0.0617 0.0229 

Note: Means weighted by gross output. 
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TABLE 2 
CONTRIBUTION TO OUTPUT GROWTH: KL VALUE ADDED MODEL 

(Weighted Means) 

Model 111 Model IV 

Unrestricted Capital's Output 
Share SVk = (Tax + Profit)/ Q 

Restricted Capital's Output 
Share Snk = 1 - S,, 

1980-84 1984-85 Change 

Total Industry 
TFP Growth -0.0398 0.0163 0.0561 
Output Growth 0.0556 0.0969 0.0413 
Capital Growth 0.0874 0.0747 -0.0127 
Labor Growth 0.0080 0.0559 -0.0061 

1980-84 1984-85 Change 

Non-Manufacturing 
TFP Growth -0.0125 -0.0119 -0.0006 -0.0144 -0.0137 -0.0007 
Output Growth 0.0151 0.0116 -0.0035 0.0151 0.0116 -0.0035 
Capital Growth 0.0255 0.0215 0.0040 0.0275 0.0234 0.0041 
Labor Growth 0.0021 0.0019 -0.0002 0.0021 0.0019 -0.0002 

Manufacturing 
TFP Growth -0.0274 0.0282 0.0556 -0.0279 0.0289 0.0560 
Output Growth 0.0405 0.0854 0.0449 0.0405 0.0854 0.0449 
Capital Growth 0.0619 0.0532 -0.0087 0.0624 0.0524 -0.0100 
Labor Growth 0.0059 0.0040 -0.0019 0.0059 0.0040 -0.0019 

Note: Means weighted by value added. 

Chinese economy in this period value added TFP growth should be greater than 
that found for the gross output [Baily, 1986, equation (4)]. The trend of TFP 
growth is unaffected by output specifications and the associated output shares. 
As discussed earlier, lack of bias in the change in TFP measures is expected 
because any bias in the estimated TFP growth is likely to be constant during the 
1980-85 period. Indeed, all four models show a strong TFP improvement in 
manufacturing, and a continuous TFP decline in non-manufacturing throughout 
the period. Finally, the models based on restricted capital shares yield greater 
values of TFP decline and smaller values of TFP growth than the models estimated 
with restricted capital shares. However, the differences are rather small. 

Since the results from the four models are qualitatively similar, and due to 
space limitation, we report and discuss only the results for individual industries 
obtained from model I.15 Tables 3 and 4 show that output for both manufacturing 
and non-manufacturing grew throughout 1980-85. However, output in manufac- 
turing grew much faster than that in non-manufacturing (from a rate of 5.71 
percent per year in 1980-84 to 9.57 percent in 1984-85 for manufacturing and 
from 0.98 percent to 1.79 percent for non-manufacturing). During 1980-84, output 
growth in both sectors is primarily attributable to the growth in capital and 
materials as the contributions of labor and TFP are close to zero. However, in 
1984-85 TFP growth made a significant contribution to output growth in manufac- 
turing. Non-manufacturing TFP continued to be negative in 1984-85, but smaller 

"~nterested readers can obtain the results from all models upon request. 



TABLE 3 
CONTRIBUTIONS TO GROWTH OF OUTPUT: 1980-84 
(Annual average growth rates obtained from Model I) 

TFP Output Capital Labor Materials 
Nonmanufacturing Growth Growth Growth Growth Growth 

1. Coal 
2. Pet. and Gas 
3. Ferrous1 
4. Non-Ferrous2 
5. Bldg. Materials 
6. Salt 
7. Logging 
8. Water 
9. Feeds 

10. Electricity 
11. Coke 

Manufacturing 
12. Food 
13. Beverage 
14. Tobacco 
15. Textiles 
16. Clothing 
17. Leather 
18. Woodprod 
19. Furniture 
20. Paper 
21. Printing 
22. Culture 
23. Artcraft 
24. Pet. Refinery 
25. Chemical 
26. Medicine 
27. Fibres 
28. Rubber 
29. Plastics 
30. Nonmetal 
31. ~errous'  
32. Non- err? 
33. Metal Work 
34. Engineering 
35. Trans. Eq 
36. Elec. Eq 
37. Comm. Eq 
38. Instrument 
39. Other 

Weighted Means 
Nonmanufacturing 
Manufacturing 
Total Industrial Sect01 

'Ferrous metal ore mining. 
 on-ferrous metal ore mining. 
3~errous  metal smelting. 
4~on-ferrous metal smelting. 



TABLE 4 
CONTRIBUTIONS TO GROWTH OF OUTPUT: 1984-85 

(Results obtained from Model I) 

TFP Output Capital Labor 
Nonmanufacturing Growth Growth Growth Growth 

Materials 
Growth 

1. Coal 
2. Pet. and Gas 
3. Ferrous' 
4.  on-~errous' 
5. Bldg. Materials 
6. Salt 
7. Logging 
8. Water 
9. Feeds 

10. Electricity 
11. Coke 

Manufacturing 
12. Food 
13. Beverage 
14. Tobacco 
15. Textiles 
16. Clothing 
17. Leather 
18. Woodprod 
19. Furn 
20. Paper 
21. Printing 
22. Culture 
23. Artcraft 
24. Pet. Ref 
25. Chemical 
26. Medicine 
27. Fibres 
28. Rubber 
29. Plastics 
30. Nonmetal 
31. ~ e r r o u s ~  
32. Non-Fern.4 
33. Metal W k  
34. Engineering 
35. Trans. Eq 
36. Elec. Eq 
37. Comm. Eq 
38. Instrument 
39. Other 

Means 
Nonmanufacturing 
Manufacturing 
Total Industrial Sector 

- - 

'Ferrous metal ore mining. 
2Non-ferrous metal ore mining. 
3~errous  metal smelting. 
4Non-ferrous metal smelting. 



in magnitude compared to that in 1980-84 (-0.13 percent in 1984-85 compared 
to -0.42 percent per year in 1980-84). 

At the total industry level, TFP declined at an average annual growth rate 
of - 1 .O7 percent during 1980-84, and increased by 1.20 percent in 1984-85. While 
we cannot compare our results directly with those in previous studies due to 
differences in units of analysis, data used, and period examined, our findings are 
consistent with those in aggregate studies such as those by Field, 1984, Yeh, 1984, 
Chen, 1986, Chen and Sang, 1986, and Pan, 1986. In particular, our estimate of 
a TFP decline of 1.07 percent per year during 1980-84 is consistent with the 
average industrial TFP decline between 0.1 and 1.2 percent for the period 1978-83 
reported by Tidrick, 1986. However, our results differ from those by Kuan et al., 
1988, who found dramatic increases in Chinese industrial TFP at an average 
annual growth rate ranging from 2.7 to 3.1 percent for 1980-84, and from 15.3 
to 18.2 percent for 1984-85.16 

There are several possible reasons explaining why our results differ from 
those by Kuan et al., but the major reason is that the differences stem from the 
fact that the two studies use two different sets of data. We use census data for 
medium and large enterprises for 3 years 1980, 1984, and 1985. Our data cover 
all three types of enterprises (i.e. state, collective, and private). In contrast, Kuan 
et al. used aggregate time-series data (1952-85) for independent accounting units 
within state-owned industry only, but including enterprises of all sizes (i.e. small, 
medium, and large). While these independent accounting units are owned by the 
state, they operate independently of the state, much as collective and private 
enterprises in terms of decision-making, signing contracts, and seeking profits.17 
Thus, while the high estimates for 1984-85 by Kuan et al. appear striking, they 
are not surprising in light of our findings. In fact when we apply our data to 
estimate a value-added model (which was also used by Kuan et al.), we obtain 
an estimate of TFP growth rate of 6.10 percent for the collective sector, and 10.50 
percent for the private sector for the period 1984-85. The remaining difference 
between 10.50 percent (ours) and 15 to 18 percent (theirs) could be attributed 
to data coverage. That is, our data include medium and large enterprises of all 
types of ownership, while theirs include only independent accounting enterprises 
of all sizes within the state-owned industry.18 Thus, our finding that the Chinese 
industrial sector experienced a clear improvement in TFP during 1984-85 com- 
pared to that during 1980-85 is consistent with Kuan et aL's results. 

Examining individual industries, we find that the number of industries with 
positive TFP growth doubles to 23 in 1984-85 from 12 in 1980-84. If one judges 
the performance of industries by looking at the change in their TFP growth rates 
between 1980-84 and 1984-85, then 28 of the 39 industries had a positive 
performance. Among the 11 industries with negative changes, two industries 

16These estimates are based on their revised data, Table 4, p. 583. 
"An enterprise is classified as an independent accounting unit if it (1 )  has an independent 

administrative organization, (2) is able to account independently for its profits and losses, and (3) 
is allowed to sign contracts with other units and to open an independent bank account. 

" ~ u e  to the Review's space limit, we report only the results of the estimated TFP growth rates 
by type of enterprises based on the gross-output model I. The results from models 11, 111, and IV 
can be obtained upon request. 



(food and communication equipment) had TFP that continued to grow through 
1980-85, but at a decreasing rate. Thus, by 1985 only 4 industries in non- 
manufacturing (ferrous metal ore mining, building materials, salt mining, and 
electric industries) and 5 in manufacturing (tobacco, clothing, furniture, plastic, 
and ferrous metal melting) were experiencing declining TFP growth. 

In sum, the results indicate that the reform measures in 1983 and 1984 had 
a positive effect on the TFP performance in most industries. Output in both 
manufacturing and non-manufacturing sectors grew at increasing rates from 
1980-84 to 1984-85. While the growth in capital and materials inputs was 
responsible for the growth in output during 1980-84, TFPgrowth began to improve 
in 1984-85 and contributed to output growth of individual industries, in particular, 
those in manufacturing. 

Analysis of the sources of TFP growth is divided into two parts. We first 
look at the effect of enterprise type on observed TFP growth. We then examine 
other factors affecting TFP growth using cross-section regressions. 

1. Enterprise organization. Ceteris paribus, if one type of enterprise exhibits 
substantially greater productive efficiency than another, then this information 
provides guidance to policy-makers. In light of the emphasis on decentralization 
of economic decision-making in China, we expect that collective and private 
enterprises would obtain greater TFP growth than that in the state sector. 

As with the results for the 39 industries, the results for the types of enterprise 
obtained from the 4 models are qualitatively similar. Again, because of the space 
limits we report only the results of model I in Table 5. From the table, it is clear 
that output growth in the collective and private sectors is more than two times 
as large as that observed in the state sector in both 1980-84 and 1984-85 periods. 
Most strikingly, TFP growth in collective and private enterprises is positive in 
both periods, while that in state enterprises is negative in 1980-84 and shows a 
small increase (less than 0.5 percent) in 1984-85. Moreover, the increase in TFP 
growth during the two periods in the collective sector is impressively rapid, from 
0.78 percent in 1980-84 to 2.14 percent in 1984-85. The results are even more 
impressive for the private sector in which TFP grew from 0.12 percent in 1980-84 
to almost 3.50 percent in 1984-85. This result supports Field's finding that by 
1982, "collective sector out-performed the state sector-even in heavy industry" 
(Field, 1984, p. 751). 

The above results strongly suggest that collective and private enterprises are 
able to increase their productivity in the era of economic reforms far better than 
state owned enterprises. In light of the advantages that state owned enterprises 
are purported to have, access to state allocated inputs at lower prices, and better 
manufacturing facilities, these findings are striking. 

2. Inter-industry differences. In examining factors that systematically linked 
to observed differences in the estimated TFP growth rates across industries, we 
focus on two types of variables, one representing factors associated with technical 
progress and the other associated with incentives to individual enterprises. We 
note that this analysis does not determine causality. For example, our simple 



TABLE 5 
PRODUCTIVITY GROWTH RATES BY TYPE OF ENTERPRISE 

(Results obtained from Model I) 

Period 

Growth Rates by 
Enterprise Type 1980-84 1984-85 Changes 

Output Growth* 
Total 
State 
Collectives 
Other 

Multifactor 
Productivity 
Growth* 
Total 
State 
Collective 
Other 

Weighted Capital 
Growth* 
Total 
State 
Collective 
Other 

Weighted Labor 
Growth* 
Total 
State 
Collective 
Other 

Weighted Materials 
Growth* 
Total 
State 
Dollective 
Other 

*Data for state, collective, and other enterprises are available only 
at the aggregate industry level and add up to the total of 43 branches of 
industries. Thus, the figures for total industry in this table are not equal 
to those reported in Tables 2 and 3 where total industry includes only 39 
industries. 

regression analysis cannot distinguish between the hypothesis that bonus pay- 
ments lead to higher TFP growth and the hypothesis that bonuses are a reward 
for past productivity. 

With this caveat we proceed to the regressions with TFP growth rates used 
as the dependent variable. There are many possible explanatory variables, but 
based on the available data, we use the proportion of engineers and technical 
employees to total employment (Eng/L) as a factor affecting progress. Another 
variable is the number of computers per employee (Comp/L). Two versions of 



TABLE 6 

SOURCES OF MULTIFACTOR PRODUCTIVITY GROWTH, DEPENDENT VARIABLE: 
MULTIFACTOR PRODUCTIVITY GROWTH RATE, 1980-85 

(t-statistics in parentheses) 
Independent Variables 

Constant (ENG/L) (%PROF/K) (%B/L) (COMP/L) RZ 

*Denotes "significant" at the 5-percent level. 
**Denotes "significant" at the 1-percent level. 

this variable are used, one is the number of computers used in production, and 
the other is the total number of computers operated. In either case, data on the 
number of computers are only available for 1985. Since most computers were 
installed after 1980, the computer variable measures the growth of this specialized 
capital during the 1980-85 period. 

We use two variables to capture the effects of incentive payments on TFP 
growth. The first is the percentage change in retained profits taken as a proportion 
of capital assets (%Prof/ K). The second is the percentage change in bonus wages 
per employee (%B/L), which is designed to assess the extent to which labor is 
paid based on efficiency gains. 

Table 6 reports OLS estimates of the regressions. The dependent variable in 
the first 7 regressions is the TFP growth rates estimated using model I, while that 
in regressions 8, 9, and 10 is those obtained from models 11, 111, and IV. The 
first four equations show the regressions of each variable alone on the dependent 
variable for the entire sample. (There is one less observation for equation (4) 
since the variable (%Prof/K) was not available for one industry.) Both the 
(Comp/ L) and (Eng/L) variables are significant alone. Since the two variables 
have a correlation coefficient of 0.85, multicollinearity is the reason why they are 
insignificant when both are included in the regression. Industries with substantial 



technical employment also have substantial numbers of computers, and vice 
versa.19 

The bonus variable is significantly positive when all 39 industries are used 
in the analysis. However, this result was not robust. In addition to the full sample 
we estimate the model for three subsets of the data; with three main outliers 
removed based on an influence statistic, with the six industries which have 
substantial differences between the constrained and unconstrained capital share 
estimates deleted; and for manufacturing only. Regressions 6-10 are based on 
dropping the three observations with an influence statistic outside an acceptable 
range. The results uniformly indicate that after dropping outliers and including 
the engineer and profit variable in the model, the bonus variable is significantly 
associated with decreases in TFP change.20 There are two reasons that could lead 
to a negative coefficient for the bonus variable. First, bonuses are positively 
related to retained profit (i.e. enterprises that retained a high rate of profit tend 
to award large bonuses to labor) and hence collinearity arises. Second, while 
bonuses are supposed to reward performance, in most state-owned enterprises 
they are distributed evenly among all workers regardless of productivity (see Ma, 
1983). In light of the finding that TFP growth in the state sector is low, the 
negative coefficient for the bonus variable may not be unreasonable. 

The coefficient for the retained profit variable is positive and statistically 
significant at the one percent level when TFP growth rates are calculated using 
the value-added models. However, its significance declines when the dependent 
variable is calculated based on the gross-output models. 

VI. CONCLUDING REMARKS 

In this study, we examine TFP growth and its sources in 39 Chinese industrial 
branches in the post-reform period 1980-85, using the new data taken from the 
National Industrial Census of China (1988). In spite of certain data problems, 
our results are qualitatively robust, and provide several important findings. 

First, the estimates uniformly show that TFP grew strongly in manufacturing 
and declines in non-manufacturing throughout 1980-85. Second, there is evidence 
that collective and private enterprises are able to increase their productivity in 
the era of economic reforms far better than state-owned enterprises. Third, 
enterprises that employ a higher rate of technical employees and retain a larger 
portion of profits experience increases in TFP growth. Finally, bonuses to labor 
do not reflect observed gains in TFP growth. 

While the above conclusions are drawn with certain degree of confidence, 
we emphasize that they are by no means definite. This is, in part, because the 

I9We tried to ascertain an independent effect for computers by regressing the engineer variable 
on the computer measure and then introducing the residual (the portion of computer not linearly 
associated with the proportion of engineers and technical employees), into the regression. We are 
unable to find any significant effect of this residual on the TFP growth rate independent of the 
proportion of engineering employment. 

''Moreover, the negative coefficient is also found when we use the percentage change in the 
bonus/labor ratio measured over the 1980-84 period rather than the 1980-85 period in an attempt 
to introduce a lag in the relationship because of the causality problem mentioned above. 



available data do not allow us to apply a more general model that can accurately 
describe the Chinese economy. More specifically, our use of output shares rather 
than output elasticities could lead to biases in TFP growth estimates. Also, as 
mentioned repeatedly, our data are subject to limitations, and the constructed 
variables such as capital input may contain measurement errors, which could 
also lead to biased TFP growth estimates. 

The above limitations suggest several areas for additional research. One 
important area is collecting more data to estimate output elasticities based on a 
general production model. Analysis at a more disaggregate level and use of 
provincial data from China's industrial census should help in this regard. In a 
similar vein, further research on pricing and capital valuation is needed. Inter- 
national price comparisons, such as those undertaken by the United Nations 
International Comparisons Project (ICP), might be used to revalue capital and 
output or at least provide the basis for assessing the bias in the factor share 
estimates. 

Baily, M. N., Productivity Growth and Materials Use in U.S. Manufacturing, Quarterly Journal of 
Economics, 185-195, 1986. 

Balassa, B., China's Economic Refoms in a Comparative Perspective, Journal of Comparative 
Economics, 3, 410-426, 1987. 

Bemdt, E.R. and Wood, D. O., Technology, Prices, and the Derived Demand for Energy, The Review 
of Economic and Statistics, 3, 259-268, 1975. 

Byrd, W. A., The Impact of the Two-Tier Plan/Market System in Chinese Industry, Journal of 
Comparative Economics, 3, 295-308, September, 1987. 

Chen, S., Sources of Economic Growth: Changing Input Structure in Chinese Industry Since the 
1970s, in Wang, (ed.), Theory and Practice of Evaluating Technical Progress, pp. 171-189, Kexue 
Jishu Wenxian Chubanshe, Beijing, 1986. 

Chen, S. and Sang, G., The Problem of Total Factor Productivity in Economic Growth Analysis of 
China's Industrial Sector Since the 1970s, in Wang, Z. Y., (ed.), Theory and Practice of Evaluating 
Technical Progress, pp. 57-71, Kexue Jisu Wanxian Chubanshe, Beijing, 1986. 

Denison, E. F., Why Growth Rates Diffec Post-War Experience in Nine Western Countries, The 
Brookings Institute, Washington D.C., 1967. 

-, Final Comments, Survey of Current Business 95-109, 1972. 
Field, R. M., Changes in Chinese Industry Since 1978, The China Quarterly, 100, 742-761, 1984. 
Griliches, Z. and Jorgenson, D. W., The Explanation of Productivity Change, Review of Economic 

Studies, 34, 249-283, 1967. 
Jefferson, G. H., A Decade of Refom in China: Pitfalls and Lessons in Evaluating Industrial 

Productivity, Paper presented at the ASSA Annual Meeting, December 23, 1988. 
Jorgenson, D. W. and Griliches, Z., Issues in Growth Accounting: A Reply to Edward F. Denison, 

Survey of Current Business, 65-94, 1972. 
Kuan, E., Chen, J., Wang, H., Zheng, Y., Jefferson, G., and Rawski, T., Productivity Changes in 

Chinese Industry, 1953-1985, Journal of Comparative Economics, 12, 570-591, 1988. 
Lardy, N. R., Technical Change and Economic Reform in China: A Tale of Two Sectors, unpublished 

paper, March, 1989. 
Liebeman, M. B., Lau, L. J., and Williams, M. K., Fim-Level Productivity and Management 

Influence: A Comparison of U.S. and Japanese Automobile Producers, Management Science, 
10, 1193-1215, 1990. 

Ma, H., New Strategy for China's Economy, New World Press, Beijing, 1983. 
McGuckin, R. H., Nguyen, S. V., Taylor, J. R., and Waite, C. A., Multifactor Productivity in Chinese 

Industry: 1980-85, in An Industrial Census of China, pp. 113-138, The Secretariat of the Intema- 
tional Seminar of Analysis on China's 1985 Industrial Census Result, Beijing, 1990. 

Macmillan, J., Walley, J., and Zhu, L. The Impact of China's Economic Refoms on Agricultural 
Productivity Growth, Journal of Political Economy 4, 781-807, 1989. 



Naughton, B., Finance and Planning Reforms in Industry, in U.S. Congress Joint Economic Commit- 
tee, (ed.), China's Economy Looks Toward the Year 2000, Vol. 1, pp. 604-629, Washington, D.C., 
1986. 

-, Macroeconomic Policy and Response in the Chinese Economy: The Impact of Reform 
Process, Journal of Comparative Economics, 11, 334-353, 1987. 

Pan, G., Scientific and Technological Progress in the Development of the Chemical Industry, in 
Wang, Z. Y., (ed.), Theory and Practice of Evaluating Technical Progress, pp. 221-235, Kexue 
Jishu Wenxian Chubanshe, Beijing, 1986. 
Information and Agency, Hong Kong, 1988. 

Perkins, D. H., Reforming China's Economic System, Journal of Economic Literature, 2,601-645,1988. 
Rawski, T. G., Productivity, Incentives, and Reforms in China's Industrial Sector, Paper presented 

at the Annual Meeting of the Association for Asian Studies, Washington, D. C., March, 1984. 
Reynolds, B. L. Chinese Economic Reform: How Far, How Fast?, pp. 1-4, Academic Press Inc., San 

Diego, 1988. 
Solow, R., Technical Change and the Aggregate Production Function, The Review of Economics and 

Statistics, 39, 312-320, 1957. 
SSB [State Statistical Bureau], Zhongguo tongji nianjian, 1988 [Statistical Yearbook of China, 19881, 

Zhongguo tongji chubanshe, Beijing, 1988. 
Tidrick, G., Productivity Growth and Technological Change in Chinese Industry, World Bank Staff 

Working Paper, 761, 1986. 
Tidrick, G. and Chen, J., The Essence of Industrial Reforms, in Tidrick, G. and Chen, J. (eds.), 

China's Industrial Reform, Oxford University Press, New York, 1987. 
Wu, J. and Reynolds, B. L., Choosing a Strategy for China's Economic Reform, American Economic 

Review, 2, 461-466, 1988. 
Yeh, K. C., Macroeconomic Changes in the Chinese Economy During the Readjustment, The China 

Quarterly, 100, 691-716, 1984. 




