
JOURNAL OF COMPARATIVE ECONOMICS 12, 570-591 (1988) 

Productivity Change in Chinese Industry: 1953-I 985’ 

CHEN KUAN, WANG HONGCHANG, AND ZHENG YUXIN 

Chinese Academy of Social Sciences, Beijing, China 

GARY H. JEFFERSON 

Brandeis University, Waltham, Massachusetts 02254 

AND 

THOMAS G. RAWSKI 

University of Pittsburgh, Pittsburgh, Pennsylvania 15260 

Received November 16, 1987; revised April 16, 1988 

Kuan, C., Hongchang, W., Y&u, Z., Jefferson, G.H., and Rawski, T.G.-Productivity 
Change in Chinese Industry: 1953-1985 

Previous studies of productivity change in Chinese industry show that stagnating 
productivity has persisted into the 1980s in spite of China’s reform efforts. Once non- 
industrial resources are excluded from published factor input data and fixed assets are 
corrected for inflation, China’s state industry shows a positive rate of multifactor pro- 
ductivity growth over the period 1953-1985 with productivity accelerating from the 
late 1970s. Weights used to combine the input data are obtained from estimates of 
Cobb-Douglas and translog production functions rather than, as in most other studies, 
from factor income shares or arbitrary weights. J. Comp. Econom. December 1988, 
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1. INTRODUCTION 

Productivity analysis allows us to distinguish the contributions of factor 
accumulation and productivity change to the growth of total output. Pro- 
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ductivity analysis is of particular relevance to China’s economy because, under 
a series of economic reforms begun during the late 197Os, the Chinese gov- 
ernment has announced its intention to emphasize growth through gains in 
productivity rather than, as in the past, through large injections of new capital 
and labor into the production process. Within the context of this new policy 
emphasis, productivity analysis allows us to gauge the impact of economic 
reform as well as to gain insight into the sources of economic growth. 

Available information leaves no doubt that the past decade has witnessed 
rapid productivity increase in several sectors of China’s economy, including 
agriculture, retail commerce, personal services, and small-scale manufacturing 
operations controlled by collectives and individuals. But for state-owned in- 
dustry, there is no agreement about long-term trends or recent changes in 
multifactor productivity. Yet state-owned industry, as the largest sector of the 
national economy and China’s chief source of capital goods and new tech- 
nology, is crucial to the success of the economic reform program.’ 

In this paper, we estimate alternative production technologies for the state 
sector of the national economy using a consistent data set for 1953-1985 
incorporating revisions designed to overcome major deficiencies in the figures 
for labor and especially for capital presented in Chinese sources. Our procedure 
yields estimates of the output elasticities of capital and labor that are subse- 
quently used to calculate multifactor productivity levels and trends. Our re- 
sults, based on data and methods superior to those employed in earlier studies, 
indicate rapid productivity growth in Chinese state industry during the First 
Five-Year Plan years ( 195 3- 1957) and again during the recent reform period 
(1978-1985) with the intervening decades (1957-1978) characterized by a 
slight upward trend in multifactor productivity. 

2. PREVIOUS STUDIES OF INDUSTRIAL PRODUCTIVITY 

Published Chinese data on trends in industrial output and input show a 
combination of declining average productivity of fixed capital and increases 
in output per man-year. While not inconsiderable, the latter increases none- 
theless seem modest in comparison with the substantial capital deepening 
that has occurred since 1952 (Field, 1983). In the face of these conflicting 
movements in partial factor productivity, outside observers began to speculate 
that the long-term trend of multifactor productivity in Chinese industry may 
have been flat or even downward (Demberger, 1982). Beginning in 1980, a 
series of external studies (Rawski, 1980, 1983; Chow, 1985; World Bank, 
1983, 1985; Tidrick, 1986; Lardy, 1987) produced estimates that appeared 

’ Chinese industrial data include mining, manufacturing, and utilities. In 1986, state-owned 
industries employed 39.6 million workers and accounted for 68.7% of industrial output value 
(SSB, 1987b, pp. l&40). 
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to CO&III these conjectures. Typical of these investigations, a World Bank 
study concluded, “Productivity performance has been disappointing...in 
China’s state-owned industries TPP [total factor productivity] apparently in- 
creased in 1952-1957, then stagnated or declined in 1957-1982” (World Bank, 
1985, p. 110). 

These studies encouraged Chinese economists to conduct their own inves- 
tigations of industrial productivity trends. Among published studies, some 
authors (Shi et al., 1984, 1985, 1986; Qin et al., 1986) report substantial 
increases in multifactor productivity, while others (Chen and Sang, 1986; 
Chen, 1986; Pan, 1986) report findings consistent with the view that factor 
accumulation can account for nearly all of recent output increases in industry 
as a whole or in important provinces or subsectors. 

These studies typically encounter three problems: 

A. Inconsistency of coverage among inputs and outputs: Earlier studies 
typically use output data that cover all state industry, whereas their input 
data relate to the subcategory of independent accounting units within state 
industry.3 

B. Improperly measured capital and labor input data: All of the studies 
cited above overlook potential difficulties arising from special features of the 
input data for Chinese state industry. These problems include undeflated 
valuation of investment outlays used to construct capital stock data and the 
inclusion of nonindustrial resources in both the capital and the labor input 
series. In an effort to address these problems, Rawski (1986) investigates the 
sensitivity of productivity results to errors in Chinese data on fixed capital. 
Jefferson (forthcoming) discusses ways of obtaining unbiased estimates of the 
production function parameters even in the presence of measurement error 
in the input series. Zheng and Chen ( 1987) derive construction and machinery 
price indexes to deflate the capital series. The present analysis revises and 
extends the methods and analyses developed in these exploratory studies. 

C. Deficient methodology: Most studies of Chinese industrial productivity 
rely on ad hoc weights to combine capital and labor into a single input measure. 
Some authors use income shares accruing to labor and capital as weights in 
deriving a composite measure of total input (Rawski, 1980, 1983; Zheng and 
Chen, 1987).4 In other studies, the weights are based on rules of thumb under 
which labor is arbitrarily alloted a weight of 0.4 or 0.6 (World Bank, 1983, 
1985; Tidrick, 1986; Lardy, 1987) or 0.7 or 0.8 (Shi et al., 1986). 

3 For example, SSB (1984, p. 13) and SSB (I 985a, p. 7 1) idicate that figures for fixed capital 
and employment used by Tidrick (1986, p. 4) refer to independent accounting units only. 

’ These weights are respectively labor’s wage bill and depreciation on fixed capital plus an 
arbitrarily specified interest charge applied to fixed and working capital. 

tgrawski
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The practice of using income shares as weights to combine labor and capital 
is not unusual. This approach, often used in the industrial market economies, 
is based upon the assumption that factors are paid the value of their marginal 
products. But factor remuneration in Chinese industry is generally unrelated 
to productivity.’ As with similar studies concerning other nonmarket econ- 
omies, we directly estimate the output elasticities of capital and labor and use 
these as weights for constructing the input series used to calculate multifactor 
productivity.6 

In the following sections of this paper, we focus on these problems of data 
and methodology, outline our procedure for estimating aggregate production 
functions, and generate new estimates of multifactor productivity in state 
industry. The concluding section summarizes the implications of our findings 
and discusses opportunities for additional research on topics related to Chinese 
industrial productivity. 

3. DATA ISSUES 

The estimates and results obtained in this paper are based on input and 
output data that are both consistent in their coverage, focusing on independent 
accounting units within state-owned industry, and also, in principle, con- 
structed in accord with standard national income accounting conventions.’ 
In this section we briefly describe the data revisions that were made to obtain 
the consistency described above. The revised data that we use to estimate an 
aggregate production function and to calculate and evaluate multifactor pro- 
ductivity trends for independent accounting units of state-sector industry ap- 
pear in Columns 1, 5, 6, and 7 of Table 1. Detailed information on the 
revisions to the fixed assets series, including the relevant deflators, appears in 
Chen et al. (1988). For purposes of comparison, the original series, compiled 
from Chinese sources, are also reproduced in Table 1. 

5 Lardy (1987), for example, notes long-standing disparities of as much as 300: 1 between rates 
of return in major industries. Even if we wished to assume that income shares reflect the marginal 
products of factor inputs, the indirect nature of many payments to labor make it difficult to 
calculate these shares. One such example is housing, which in China’s income accounts appears 
as a payment to capital, but whose services are provided to labor at a fraction of actual cost. Most 
workers also benefit from extensive subsidies for food, health care, transport, and education for 
themselves and their families. 

6 See, for example, studies of the Soviet economy by Weitxman (1970) and Desai (1985). 
’ We focus on independent accounting units, i.e., excluding railway repair yards, university 

publishing houses, and other industrial operations subordinated to nonindustrial units, because 
consistent time series data for both inputs and output are available for this category of industrial 
activity. During 1985, independent accounting units within state industry contributed 70.4% of 
China’s total 1985 industrial output value (SSB, 1986, p. 273), while contributing 93.2% of 1979 
state-sector industrial output (World Bank, 1983, Vol. 2, pp. 127-28). 
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TABLE 1 

ORIGINAL AND REVISED DATA’: 1952-1985 

Year 

(1) 
Net 

output 

Original 

(3) 
(2) Fixed 

Labor capital 

(4) 
Working 
capital 

(5) 
Labor 

Revised 

(6) (7) 
Fixed Working 

capital capital 

1952 11.442 51.0 10.08 4.60 50.5 10.08 4.60 
1953 15.301 59.4 12.04 5.76 58.6 11.86 5.82 
1954 17.683 61.0 15.19 5.98 59.2 15.02 6.15 
1955 18.763 58.0 17.13 6.48 55.9 17.05 6.78 
1956 24.534 71.7 19.77 7.25 68.6 19.22 8.06 
1957 29.97 1 74.8 23.98 9.05 71.1 23.06 10.26 
1958 50.236 231.6 33.06 13.90 218.0 31.70 15.85 
1959 65.297 199.3 44.71 21.74 186.4 43.34 24.65 
1960 73.343 214.4 57.08 30.37 199.7 55.73 34.67 
1961 40.949 159.7 62.49 29.16 148.5 60.55 31.73 
1962 34.899 117.8 65.73 23.53 109.5 62.73 24.66 
1963 39.508 111.9 67.07 23.14 104.0 62.73 24.36 
1964 50.193 115.9 70.97 23.86 107.8 64.92 25.63 
1965 63.865 123.8 77.72 26.01 115.3 69.00 29.32 
1966 79.576 132.4 82.89 29.05 123.4 72.05 34.18 
1967 65.273 138.2 85.41 35.97 128.9 72.63 42.87 
1968 60.576 149.2 88.44 40.72 139.2 72.98 49.60 
1969 81.949 163.0 91.91 44.35 152.2 74.23 56.00 
1970 110.120 195.9 103.33 51.18 183.1 84.68 67.61 
1971 127.587 223.3 115.69 58.25 209.0 92.71 77.46 
1972 134.089 235.0 130.11 67.35 220.3 104.61 90.04 
1973 140.364 239.7 145.90 74.11 225.1 118.80 99.6 I 
1974 138.524 249.7 156.12 80.19 234.4 126.40 108.51 
1975 159.832 269.1 171.63 85.27 253.2 139.32 116.17 
1976 144.185 286.6 184.64 92.80 269.8 147.84 126.60 
1977 157.880 301.3 201.13 97.39 283.8 160.84 133.96 
1978 190.818 301.4 222.57 104.73 284.1 177.26 143.86 
1979 206.247 310.9 237.86 110.90 292.9 187.06 150.07 
1980 224.204 324.6 252.80 113.57 305.0 193.57 152.85 
1981 222.116 340.7 270.93 116.37 318.3 199.45 155.99 
1982 231.947 350.3 291.40 123.19 324.6 207.12 165.36 
1983 253.808 355.2 316.10 129.15 326.4 215.81 173.36 
1984 283.455 359.2 339.55 135.96 328.6 222.47 179.84 
1985 346.916 368.5 398.08 162.33 335.2 250.2 1 203.68 

’ Columns 1,3,4,6, and 7 are in billion yuan. Columns 2 and 5 are in million workers. Column 
6 is from Chen et al. (I 988, Table 6, column 2). Column 7 is Column (4) deflated by the cost of 
living index for workers partially reported in SSB (1985b, p. 530). Other details are discussed in 
the Data Appendix. 
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A. Industrial output. We use data that measure the net industrial output 
at 1952 prices of independent accounting units within state industry. For 
recent years, the data closely track the gross output data for the whole state 
sector published in Chinese statistical yearbooks (SSB, 1985a, pp. 31-32). 
For the period 1952-1957, the output totals used here rise somewhat faster 
than the published series; for 1957- 1970, the pattern is reversed, with our net 
output series lagging slightly behind the published totals. Differences in the 
growth paths of our net output series and published gross output data may 
result from two sources: changes in value added ratios and changes in the 
share of net industrial output contributed by independent accounting units. 
Unless currently available data contain major errors, changes in the ratio of 
net to gross output are unlikely to affect productivity trends because of the 
comparatively small variation in the reported rates, which fluctuate between 
0.32 and 0.37 during 1952-1984 (SSB, 1985a, p, 41; 1986a, p. 36). Since an 
analysis of China’s industrial productivity performance using our output series 
and the published input data produces results similar to findings reported in 
the existing literature, disparities in output growth during 1952- 1970 do not 
materially affect the basic argument of this paper, which is that appropriate 
revisions to the input data lead to more reliable measures of industry’s pro- 
ductivity performance, especially during the recent reform period. 

B. Capital. Data on fixed capital are problematic for any economy. Fixed 
capital stock series compiled in Chinese statistical publications are particularly 
defective. The chief problem arises from the Chinese convention of calculating 
the current year’s capital stock as the sum of the previous year’s total and the 
value, in current prices, of the new fixed assets added in the current year. 
Unless absolute and relative prices of investment goods remain stable, the 
resulting total of fixed assets embodies a mix of buildings and machinery 
valued in different prices that may fail to reflect trends in the real stock of 
fixed capital. 

Inclusion of residential construction and other “nonproductive” invest- 
ments in industrial capital formation creates additional problems. State-owned 
industrial enterprises provide their workers with a variety of service facilities, 
including housing, schools, health clinics, stores, and retail outlets, that extends 
far beyond what is observed elsewhere, even in Japan. Inclusion of investment 
outlays connected with these service facilities in industrial capital stock series 
causes the published figures to systematically overstate the amount of capital 
used directly in the production process. Since it is neither feasible nor desirable 
to add the value of services rendered by these resources to industrial output, 
the input data used in our productivity analysis should exclude these non- 
industrial inputs. Even ifthe physical share of housing and other nonindustrial 
capital outlays in total investment were to remain constant, divergent rates 
of price change between industrial and nonindustrial investment could still 
distort measures of rates of change of capital formation. 
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We address these problems in a separate paper (Chen et al., 1988) that 
divides annual industrial investment into separate categories of nonresidential 
construction, machinery and equipment, residential construction, and other 
expenditures. We delete residential construction, deflate the remaining ex- 
penditure categories by appropriate price indexes, and recombine the deflated 
data into new series, based on constant prices, for industrial investment and 
fixed capital stock. The latter series appears in Column 6 of Table 1. 

Previous studies of Chinese industrial productivity have sometimes in- 
cluded, along with fixed assets, data on “quota working capital” (dinge liudong 
zijin), which represents the normal minimum requirement for financing stocks 
of materials, production operations, and inventories of finished products (Cai 
and Xu, 1983, p. 440). The case for including working capital in productivity 
calculations rests on its contribution to the production process. A lack of 
working capital can limit economic expansion. Alternatively, excessive use 
of working capital may restrict output growth if shortages of inputs arise from 
widespread hoarding of scarce materials (e.g., Yuan, 1986, pp. 166-167). 
Another viewpoint would exclude working capital from the analysis, because 
its influence reflects the performance of the distribution system rather than 
the efficiency of current production. In the present case, we skirt the resolution 
of this theoretical issue. Since direct estimation of the output elasticity of 
working capital yields a zero coefficient, we exclude working capital from the 
remainder of this analysis.’ 

C. Labor. As noted above, our revised series for industrial fixed assets 
excludes residential construction, which represents the largest, though not the 
only, category of nonindustrial projects included within Chinese data on in- 
dustrial investment. Chinese industrial units employ substantial quantities of 
labor as well as fixed capital for such nonindustrial purposes as education, 
medical care, and retail sales. We make crude allowance for this factor by 
excluding from the reported labor force totals a proportion equal to the ratio 
of the housing stock to an enlarged fixed assets total, including both industrial 
facilities and housing.’ As such, the share of housing in total fixed capital is 
a proxy for the share of labor employed in a wide range of services associated 

’ If we use the procedure described in Section 5 to estimate a Cobb-Douglas production function 
in which labor, fixed capital, and working capital enter separately as factor inputs, the estimated 
output elasticities oflabor, fixed capital, and working capital are, respectively, 0.582 (4.040), 0.418 
(2.900), and -0.000 (1.140) where the figures in parentheses are t statistics. 

’ Calculations based on the data in Table 1 show that the annual growth rate of the revised 
labor series is approximately 0.25% less than that of the original series over 1953-1978; the 
difference rises to about 0.5% during 1978-1985. This disparity implies modest growth in the 
share of nonproductive capital and labor during the reform period. This calculation is consistent 
with the widespread concern reported in Chinese sources regarding the recent increase in non- 
productive investment. See, for example, Reynolds (1987, p. 98). 
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with the support of a residential community. The revised labor series appears 
in Column 5 of Table 1. 

D. Summary. The adjustments described above attempt to overcome the 
major shortcomings of Chinese industrial input data while preserving con- 
sistency between inputs and outputs. Examination of the reported and revised 
data in Table 1 points to significant overstatement of the growth of fixed assets 
by Chinese statistical publications. While the revised input data imply sub- 
stantial adjustments, it should be emphasized that the revised capital series 
excludes only housing investment. In 1985, just 60% of industrial investment 
classified as “nonproductive construction” went to housing.” This fraction 
suggests that even the adjusted figures shown in Table 1 may overstate the 
scale and real growth rate of the industrial capital stock. 

4. METHODOLOGY 

We use a translog production function, which under certain conditions 
simplifies to the well-known Cobb-Douglas specification, to obtain estimates 
of the output elasticities of capital and labor. These elasticities serve as weights 
for combining separate indexes of capital and labor into a composite input 
measure used to calculate our series of multifactor productivity.” 

For the two-factor case, the translog can be written as 

In QI = a0 + gt + cu&i Kl + (uJn L, + (1 /2)LyKK(ln KJ2 

+ (1/2)a&ln LJ* + aKtln KJn L,. (1) 

In Eq. (l), Q is net output value, t represents time, and K and L represent 
fixed capital and labor, respectively. ‘* The coefficient g represents the expo- 
nential rate of Hicks-neutral technical change.13 The assumption of constant 

lo SSB (1986a, p. 249); These figures refer to the “basic construction” component of fixed 
investment. 

” An advantage of the translog function is that it allows the output elasticities of capital and 
labor to vary over time. If capital’s output elasticity grows relative to that of labor, the increasing 
weight given to capital, the faster growing input, would cause the index of factor inputs to rise 
more rapidly and the index of multifactor productivity to rise more slowly than with constant 
output elasticities. Alternatively, a growing labor output elasticity would cause the productivity 
index to rise more rapidly than with constant Cobb-Douglas elasticities. 

‘* As indicated earlier, the data refer to aggregate measures of independent accounting units in 
the state-owned industrial sector. 

I3 Studies of other economies (e.g., Bemdt and Khaled’s (1979) paper on the U.S.) find evidence 
of nonneutral technical change. Similar possibilities exist for China, where changing policies 
toward investment funding and labor recruitment may have stimulated capital- or labor-saving 
innovation in different periods. Testing this proposition requires the use of various combinations 
of dummy variables associated with different policy regimes and is not a part of the scope of the 
current exercise. Within this data set, the labor (In L) and capital (In K) series, both of which 
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returns to scale requires the following restrictions on the parameters of the 
production function: 

Substituting these restrictions into Eq. (1) and rearranging gives 

ln(Q/Lh = &O + gt + w&NW& + W~h~[1n(~/~)~1*. (2) 

This is the intensive form of the translog function.‘4 If aKK = 0, Eq. (2) sim- 
plifies to the Cobb-Douglas functional form. In order to allow for tests of the 
constant returns to scale assumption, as well as the Cobb-Douglas assumption, 
Eq. (1) is used as the functional form for estimation. 

Estimates of the coefficients in Eq. (1) allow us to calculate the variable 
output elasticities, SK, and SLY, from the following expressions: 

aQt K --= a In Qtla In K = aKt Qt sKt = aK + cuK,ln Kt + cuKLln L, 

aQt Lt d In Q,fa In L, = z 5 = sLt = cq + aLLln L, + a&n K, 
t t 

(3) 

(4) 

In the Cobb-Douglas case where aKK = cvLL = cyyKL = 0, the output elasticities 
are simply (Ye and (Ye, which remain constant over the entire sample period. 

5. ESTIMATION PROCEDURE 

The labor and capital stock data used in our estimation are midyear figures 
calculated as arithmetic averages of consecutive year-end totals shown in Table 
1. This transformation allows greater consistency between the input data and 
the annual output totals, but requires us to sacrifice the 1952 observation, 
which is lost in the averaging procedure. Consequently, the sample used for 
estimation purposes covers only the period 1953- 1 985.15 

would appear in the estimation equation, are highly correlated with t*ln L (0.999) and t&K 
(0.999), respectively, making it difficult to test the hypothesis of nonneutral technical change over 
the entire sample period. Taking first differences does not substantially reduce the collinearity 
problem with our data. 

“Equation (2) also shows that, with two factors and constant returns to scale, the translog 
function simplifies to the constant elasticity of substitution case. This can be seen by comparing 
Eq. (2) with the Taylor series approximation of the CES production function shown in Intrilligator 
( 1978, p. 279). 

I5 In the estimation procedure, these transformed input series, as well as the output series, have 
been normalized by the 1953 values (1953 = 1.00). 
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Prior information and examination of the data suggests that for many years 
the published, and revised, data are either unreliable or indicate unusual slack 
in the production process. We classify the annual observations as follows: 

1. Unreliable data: The Great Leap Forward period 1958- 1960 is omitted 
because the data reported for this period are not reliable (Perkins, 1966, Ap- 
pendix A; Rawski, 1976). 

2. Exceptional slack Output fell while inputs of capital and labor rose 
during 1967,1968,1974,1976,1977, and 1981. In addition, the years 1961- 
1964 associated with recovery from the Great Leap Forward appear as negative 
outliers in all forms of the estimation procedure attempted and are therefore 
added to this category. 

3. “Normal” years: All other observations during the sample period 
which are assumed to be approximately “on” the production function. 

The estimation procedure omits 19 5 8- 1960 and incorporates dummy in- 
tercepts in the 10 years of exceptional slack in which industry is operating 
inside its production frontier. The assumption underlying this approach is 
that, during the years of exceptional slack, only the intercept of the production 
function, not its curvature, is affected. 

The estimation equation is therefore 

In Qt = (Y,, + x ai + gf + a& KI + (wLln L, + (1/2)(~&ln Kt)2 

+ (1 /2)aLL(ln LO2 + cYKLln K,ln L, + cl, (5) 

for which the term (Y,, represents the intercept for the observations which are 
approximately “on” the production function and ai represents the intercept 
for the years (i = 1961-1964, 1967,1968, 1974,1976,1977,1981) ofexcep- 
tional slack. The error term, tl, is assumed to possess all properties of the 
classical regression model. 

We estimate Eq. (5) using both the original and the revised data sets. Results 
are reported both for the translog functional form and for the Cobb-Douglas 
specification. 

6. PRODUCTION FUNCTION ESTIMATES 

The estimation results, including diagnostic statistics, appear in Table 2. 
An examination of the dummy intercepts indicates three groupings which 
are statistically tested. These are ( 1) 196 l- 1963 which when constained to be 
equal lie -0.59 1 below the intercept of the production frontier’$ (2) the years 

I6 These results are based on the revised data; the estimates for the original data are nearly 
identical. The estimation results are insensitive to whether these three observations are treated as 
described or omitted altogether. 
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Coefficient 

TABLE 2 

ESTIMATION RESULTS 

Original data Revised data 

Cobb-Douglas Translog Cobb-Douglas Translog 

&” 

Ql2 

g 

1 %KK 

WWL 

aKL 

adj. R2: 

DW: 

Ho: 

F test: 

-10.145 -12.283 -24.802 -25.954 
(1.305) (1.435) (3.875) (3.961) 

-0.221 -0.225 -0.228 -0.230 
(5.550) (5.463) (5.130) (5.158) 

-0.562 -0.569 -0.564 -0.575 
(11.153) (10.936) (10.344) (10.304) 

0.005 0.006 0.013 0.013 
(1.307) (1.437) (3.875) (3.960) 

0.566 0.637 0.542 0.722 
(6.265) (4.40 I) (5.710) (3.254) 

0.434 0.363 0.458 0.278 
(4.809) (2.510) (4.830) (1.256) 

n.a. -0.059 n.a. -0.147 
(0.634) (0.898) 

n.a. -0.059 n.a. -0.147 
(0.634) (0.898) 

n.a. 0.117 n.a. 0.293 
(0.634) (0.898) 

0.993 0.993 0.992 0.992 

1.557 1.622 1.403 1.512 

(co%, = con 62 = con63, con64 = con67 = con68 = con76 = con,,, con74 
= cons1 = 0, and CRS)b 

(7,18) = 0.83 (9,15) = 0.91 (7,18) = 0.81 (9,15) = 1.26 

u Figures in parentheses are t statistics. 
b Constant returns to scale for the Cobb-Douglas case implies the restriction q + aL = 1; for 

the trandOg Case it ako RLpireS that aK + aL = 1 and aKK + (YL~ + aKL = 0. 

1964, 1967-1968, and 1976-1977 which under an equality constraint lie 
-0.23 1 below the production frontier intercept; and (3) 1974 and 198 1 whose 
unconstrained values are statistically insigniticant and are therefore constrained 
to life on the production frontier. The regression results indicate that, by a 
wide margin, the F test reported in Table 2 is unable to reject the joint hy- 
pothesis of these three constraints on the dummy intercepts and constant 
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returns to scale.” Our inability to reject the Cobb-Douglas technology, using 
either the original or the revised data, arises from the low statistical significance 
of the estimated second-order coefficients and from the failure of the second- 
order terms to raise the adjusted R2 value. 

The Cobb-Douglas estimate of capital’s output elasticity using the revised 
data is marginally smaller than that obtained using the original data. As shown 
in Table 2, the principal difference between the two sets of estimates is that 
the estimates based upon the revised data show a productivity trend which is 
somewhat larger and more statistically significant than that resulting from 
the estimates based upon the original data. 

Although the Cobb-Douglas form appears to be the preferred specification, 
we also investigate the implications for multifactor productivity using the 
translog estimates. This is because signs on the point estimates are consistent 
with the declining capital output elasticities found in some studies of Soviet 
and United States industry’8 and because the inefficiency of the translog es- 
timates may reflect multicollinearity rather than mistaken specification.‘g 

Translog output elasticities can be derived from Eqs. (3) and (4) using the 
estimates reported in Table 2. The estimates for both the original and the 
revised data exhibit a similar pattern, with labor’s output elasticity rising 
while that for capital falls. This trend is more pronounced for the revised 
data, where the estimated capital output elasticity falls from 0.722 to 0.361 
during 1953-1985; for the original series, the capital-output elasticity also 
falls during the same period, but only from 0.636 to 0.446.20 

7. MULTIFACTOR PRODUCTIVITY CHANGE 

Estimates of annual multifactor productivity levels based on output elas- 
ticities derived from Cobb-Douglas and translog production function estimates 

” For both specifications, the F test rejects the hypothesis that the dummy intercept estimates 
are al1 zero. For the translog specification, the F test is F(8,lS) = 5.687, while that for the Cobb- 
Douglas specification is F(8,18) = 3.320. 

Is See, for example, Weitzman (1970) and Pindyck and Rotemberg (1983). 
I9 In order to investigate the multicollinearity problem, Eq. (5) was reestimated using first 

differences. Neither these results nor the use of a first-order autocorrelation procedure applied to 
the firstdifferenced regression equation substantially improves the efficiency of the estimates. 
The lirstdifferencing procedure itself is problematic, since the error structure of the lirstdifferenced 
production function is difficult to interpret and an autocorrelation correction results in the loss 
of several observations due to the inclusion of omitted and dummy variables in the original 
functional form. 

2o Relative to published findings concerning other national economies, this estimated decline 
in capital’s output elasticity is quite pronounced. Note, however, that the decline is most precipitous 
during 1953- 1955, which may reflect extensive structural change associated with recovery from 
wartime dislocation and the initiation of Soviet-inspired central planning. Also, the estimate of 
aK for 1984 of 0.378 is broadly consistent with the cross-section estimate of 0.309 obtained by 
Jefferson (1987) using a somewhat different functional form than Eq. (5). 
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are reported in Table 3 (original input data) and Table 4 (revised input data). 
Each set of estimates indicates that the 1985 level of productivity exceeds the 
level of 1957, the last full year prior to the Great Leap Forward. Both long- 
term productivity trends and recent performance change markedly when we 
replace published figures with our revised input data. 

A. Long-term productivity trends. When we use the original data (Table 

TABLE 3 

ORIGINAL DATA:MULTIFACTOR PRODUCTIVITY AND SHARES 

Cobb-Douglas 

MFP level MFF’ growth MFF’ level 

Translog 

MFP growth SK SL 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
197s 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

1.000 
0.990 
0.958 
1.129 
1.178 
n.a. 
n.a. 

0%6 
0.566 
0.68 1 
0.850 
1.014 
1.175 
0.917 
0.814 
1.040 
1.259 
1.277 
1.209 
1.168 
1.081 
1.161 
0.970 
0.990 
1.123 
1.150 
1.187 
1.111 
1.096 
1.138 
1.210 
1.375 

- 1.000 - 0.637 
-0.011 0.983 -0.017 0.623 
-0.033 0.948 -0.036 0.601 

0.156 1.108 0.156 0.596 
0.05 1 1.166 0.052 0.590 
n.a. n.a. n.a. n.a. 
n.a. n.a. n.a. n.a. 
n.a. n.a. n.a. n.a. 
n.a. 0.602 n.a. 0.582 

-0.070 0.579 -0.040 0.539 
0.186 0.721 0.220 0.512 
0.221 0.907 0.230 0.507 
0.177 1.087 0.181 0.504 
0.147 1.263 0.149 0.503 

-0.248 0.984 -0.250 0.504 
-0.119 0.868 -0.125 0.507 

0.245 1.101 0.237 0.513 
0.190 1.318 0.180 0.520 
0.015 1.329 0.009 0.524 

-0.054 1.264 -0.050 0.521 
-0.035 1.237 -0.02 1 0.512 
-0.077 1.158 -0.066 0.505 

0.07 1 1.249 0.076 0.502 
-0.180 1.046 -0.177 0.500 

0.021 1.074 0.026 0.498 
0.126 1.236 0.140 0.489 
0.024 1.286 0.039 0.482 
0.031 1.335 0.038 0.478 

-0.066 1.256 -0.06 1 0.476 
-0.013 1.249 -0.005 0.472 

0.037 1.316 0.052 0.466 
0.062 1.426 0.080 0.458 
0.127 1.668 0.157 0.446 

0.364 
0.377 
0.399 
0.404 
0.410 
n.a. 
n.a. 

0%3 
0.46 1 
0.488 
0.493 
0.496 
0.497 
0.496 
0.493 
0.487 
0.480 
0.476 
0.479 
0.488 
0.495 
0.498 
0.500 
0.502 
0.511 
0.518 
0.522 
0.524 
0.528 
0.534 
0.542 
0.554 
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TABLE 4 

REVISED DATA: MULTIFACTOR PRODUCWITY AND SHARES 

Cobb-Douglas 

MFP level MFP growth MFP level 

Translog 

MFP growth SK SL 

1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

1.000 
1.003 
0.977 
1.151 
1.228 
ma. 
n.a. 

0:6?9 
0.596 
0.729 
0.922 
1.117 
1.312 
1.035 
0.93 1 
1.206 
1.457 
I .480 
1.409 
1.357 
1.256 
1.351 
1.132 
1.162 
1.322 
1.363 
1.424 
1.359 
1.371 
1.456 
1.587 
1.848 

- 1.000 
-0.003 0.984 
-0.027 0.950 

0.164 1.121 
0.065 1.198 
n.a. n.a. 
n.a. n.a. 
n.a. n.a. 
n.a. 0.618 

-0.054 0.630 
0.201 0.833 
0.234 1.065 
0.192 1.290 
0.161 1.505 

-0.237 1.172 
-0.106 1.032 

0.258 1.301 
0.189 1.539 
0.016 1.541 

-0.049 1.475 
-0.038 1.461 
-0.077 1.384 

0.073 1.502 
-0.180 1.262 

0.026 1.304 
0.130 1.526 
0.031 1.618 
0.044 1.698 

-0.046 1.612 
0.009 1.626 
0.060 1.744 
0.086 1.923 
0.153 2.308 

- 
-0.016 
-0.035 

0.165 
0.066 
n.a. 
n.a. 
n.a. 

ltio 
0.279 
0.246 
0.191 
0.155 

-0.250 
-0.128 

0.232 
0.168 
0.002 

-0.044 
-0.009 
-0.054 

0.081 
-0.174 

0.032 
0.157 
0.059 
0.048 

-0.052 
0.008 
0.070 
0.098 
0.182 

0.722 0.278 
0.682 0.318 
0.624 0.376 
0.612 0.388 
0.601 0.399 
n.a. n.a. 
n.a. n.a. 
n.a. n.a. 

0.581 0.419 
0.476 0.524 
0.415 0.585 
0.407 0.593 
0.407 0.593 
0.412 0.588 
0.420 0.580 
0.436 0.564 
0.457 0.543 
0.476 0.524 
0.490 0.510 
0.485 0.515 
0.459 0.541 
0.440 0.560 
0.434 0.566 
0.432 0.568 
0.427 0.573 
0.407 0.593 
0.390 0.610 
0.387 0.613 
0.390 0.610 
0.391 0.609 
0.385 0.615 
0.378 0.622 
0.361 0.639 

3), both the Cobb-Douglas and the translog estimates replicate previous find- 
ings of long-term productivity stagnation in Chinese state industry. On the 
assumption of tied Cobb-Douglas output elasticities, we find that productivity 
initially falls and then rises rapidly during the recovery period from 1953- 
1957. Thereafter, productivity falls until 1962, regains its previous 1957 peak 
by 1966, and fluctuates considerably during the Cultural Revolution years of 
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the late 1960s.” Productivity rises slightly above the 1957 level in 1970- 1972 
but then falters during 1973-1977. In 1978, at the bqinning of the reform 
period, multifactor productivity is still below its 1957 level. It is only in 1985, 
the last year of the sample, that productivity moves decisively above its 1957 
and 1970- 1972 peaks. 

Our estimation results based on the original data indicate that the long- 
term annual growth rate of 0.5% for multifactor productivity (Table 2) over 
the entire period 1953-l 985 cannot be viewed as significantly different from 
zero. With similar results emerging from the translog specification, our analysis 
of the original data is entirely consistent with previous studies indicating long- 
term productivity stagnation in Chinese state industry. 

This consistency, however, rests on the use of severely flawed input data. 
Productivity analysis based on these data should be discarded in favor of 
results derived from the revised input series shown in the right-hand columns 
of Table 1. These results, summarized in Tables 2 and 4, differ significantly 
from the earlier studies. 

Using the revised data, both the Cobb-Douglas and the translog estimates 
indicate sign&ant long-term growth of multifactor productivity at an average 
annual trend rate of approximately 1.3% during 1953-1985 (Table 2). How- 
ever, as with the original data, productivity levels have not risen smoothly. 
The multifactor productivity indexes using both the Cobb-Douglas and the 
translog output elasticity estimates indicate stagnation or a small decline in 
productivity during 1954-1955, followed by a rapid rise during 1956-1957. 
Productivity then drops sharply during the depression following the Great 
Leap Forward of 1958-l 960 but recovers quickly after 1962 and attains its 
pre-Leap peak by 1965-1966. The Cultural Revolution decade (1966-1976) 
produces new productivity peaks, but these are not sustained. Over the period 
1957- 1978, as reported in Table 5, annual productivity growth is 0.4% (Cobb 
Douglas) or 1.1% (translog).22 These results raise questions concerning even 
the widely accepted view of stagnant or declining productivity between the 
recovery and the reform periods (i.e., 1957-1978). 

B. The reform period. A comparison of multifactor productivity during 
1978-1985 with the performance of earlier periods is shown in Table 5. The 
figures in Row A are derived from the output and input data used in this 
study and based upon 1952 prices. For purposes of comparison, Row B has 
been derived from output and input data based on 1980 prices. For reasons 

” This latter result replicates the findings of previous external studies (e.g., World Bank, 1983, 
Vol. 2, p. 116, and 1985, p. 111). 

22 An examination of Table 4 shows that the trend break begins in 1977- 1978, but since Chinese 
industry is “off its production function in 1977, the year 1978 has been chosen as the transition 
year. Each of the benchmark years used in Table 5-1953, 1957, 1978, and 1985-is a year in 
which industry appears to be “on” its production function. 
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TABLE 5 

RELEVANT GROWH RATES BASED ON THE REVISED DATA PERCENTAGE) 

Contributions to output growth 

Growth rates Factor input’ Prcductivityb 

output Labor Capital c-w Translog C-D Translog 
(1) (2) (3) (4) (5) (6) (7) 

1953-1985 
Ad 
Bd 

1953-1957 
A 
B 

1957-1978 
A 
B 

1978-1985 
A 
B 

9.8 5.8 9.6 7.9 7.2 1.9 2.6 
9.8 5.8 9.0 7.5 7.0 2.3 2.8 

16.7 6.1 16.4 11.7 18.7 5.1 4.6 
16.7 6.3 16.3 11.5 12.2 5.3 4.6 

8.8 6.8 9.9 8.6 7.4 0.4 1.1 
8.8 6.7 9.3 8.0 7.4 0.8 1.4 

8.6 2.5 4.8 4.1 2.8 4.8 5.9 
8.6 2.5 4.0 3.3 2.6 5.2 5.9 

’ Computed as the difference between Column (1) and Column (6) (Cobb-Douglas) or Column 
(1) and Column (7) (translog). 

’ Calculated from Table 4. 
= C-D = Cobb-Douglas. 
d Figures in Row A are computed on the basis of results obtained using a capital stock series 

based on 1952 prices; those in Row B are computed on the basis of results obtained using a capital 
stock series based on 1980 prices. 

that are discussed in the Data Appendix, only the indexes of fixed assets and 
employment, not the output data, are affected by this adjustment. A com- 
parison of Rows A and B shows that, while results are generally insensitive 
to the choice of a price base, shifting to 1980 prices magnifies thedifferences 
between our results and earlier estimates of productivity change over the long 
term and during the reform period, especially under the Cobb-Douglas spec- 
ification. 

The last two columns of Table 5 show that during the recovery period, 
1953-1957, multifactor productivity advanced rapidly. Thereafter, during 
1957-1978, productivity was nearly stagnant (Cobb-Douglas) or rising mod- 
estly (translog). The post-1978 shift in the relative contribution of factor ac- 
cumulation and productivity growth represents a dramatic departure from 
the previous 25 years of industrial growth, in which rapid expansion of output 
came almost entirely from massive growth of labor and especially of capital 
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inputs.23 While industrial output growth during 1978-1985 equals that at- 
tained during 1957-1978, the rates of growth of both labor and capital have 
fallen dramatically. The shift from factor-extensive growth to productivity- 
driven growth from 1957-1978 to 1978-1985 is evident from a comparison 
of Columns (4) and (6) for the Cobb-Douglas case and Columns (5) and (7) 
for the translog case. In sharp contrast to studies (Rawski, 1983; Tidrick, 
1986) reporting no response to reform policies intended to shift Chinese in- 
dustry onto a new path of intensive or productivity-led growth, we find that 
Chinese industry has indeed begun to display improvement in its productivity 
performance. 

Although the pace of the post- 1978 productivity spurt accelerates dramat- 
ically beginning in 1984, the figures in Table 4 reveal an upward break in 
productivity growth around 1978 even without considering the data for 1984 
and 1985. Based on Cobb-Douglas weights, productivity growth accelerated 
from 0.4% during 1957-1978 to 1.9% over 1978-1983, while the translog 
weights show productivity accelerating from 1.1 to 2.7%.24 These findings are 
completely different from Tidrick’s (1986, p. 4) results, which show annual 
productivity declines averaging O. l-1.2% during 1978-1983. 

8. CONCLUSIONS 

This paper investigates the pattern of productivity growth in Chinese state 
industry during 1953- 1985. Our analysis improves on earlier studies by em- 
ploying a consistent data set, adjusting input figures to remove the effects of 
price change and of “nonproductive” operations (principally housing) within 
the industrial sector, and aggregating capital and labor inputs systematically 
rather than arbitrarily. 

We find a mild trend in multifactor productivity over the entire duration 
of our study, with a pronounced upward break coinciding with the serious 
efforts at economic reform in 1978. These results are considerably different 
from earlier studies showing a level or declining long-term productivity trend 

23 Table 5 is based upon exponential growth rates calculated from the first and last years of the 
periods of interest, rather than upon estimated regression trends. This method is used because 
the numerous outliers and missing observations that exist in the underlying data confound the 
information conveyed by the trend estimates. For example, due to the missing observations of 
1958-1960 and the depressed levels of multifactor productivity during 1961-1965 when Chinese 
industry was “off its production function, a trend estimated over the period 1957-1977 implies 
a relatively high rate of productivity growth. Also, during the period, 1978-1985, the rapid rise 
in productivity during 1985 causes that year to appear to be an outlier, but 1985 will only survive 
as an outlier (i.e., the trend estimate remains stable) if productivity change in 1986 is virtually 
zero or negative. Preliminary estimates of China’s industrial performance in 1986 make this 
outcome highly improbable. 

24 These are exponential growth rates calculated from the first and last years of the periods of 
interest. 
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with no upturn visible until 1984. Our novel conclusions arise primarily from 
adjustments to published series of industrial employment and fixed assets. 
Indeed, applying our analytic procedures to unadjusted data yields results 
that closely parallel the findings of earlier investigations. Since data limitations 
permit only partial adjustments to offset inconsistencies between Chinese input 
data and international norms, further study of industrial capital and labor 
statistics may lead to further increases in the measured rate of productivity 
growth in Chinese industry. 

Our results raise numerous questions of analysis and interpretation that 
cannot be answered without further study. Long-term productivity growth of 
1.3% annually (Table 2) is superior to the zero or negative rates applied in 
earlier studies, but it is disappointing both in comparative terms and in relation 
to the massive injections of technology and human capital characteristic of 
Chinese industrial development over the past several decades. While reform 
advocates may attribute sluggish productivity performance to the system of 
mandatory planning and administrative resource allocation that dominated 
industrial activity until recently, preliminary studies showing a wide dispersion 
of long-term productivity performance among different sections and regions 
(Rawski, 1983,1986) suggest that no simple explanation will encompass what 
appears to be a rich and varied experience of industrial productivity change. 

Analysis of the recent upturn in productivity growth promises to be equally 
complex. As Ishikawa (1985, pp. 31-32) has emphasized, simultaneous 
changes in policy (e.g., reduced state procurement of investment goods) and 
institutions (e.g., decentralization of authority over production and investment 
decisions) makes it difficult to ascertain the origins of new economic trends. 
Since the upturn in industrial productivity first appears during a period of 
policy adjustments rather than system change (Tidrick and Chen, 1987, Chap. 
I), we should investigate the productivity consequences of increased emphasis 
on consumer manufacturers and other policies emphasized during 1978-1983. 
Changes predating 1978, such as the dramatic redirection of investment funds 
from undeveloped provinces of China’s southwest and northwest toward 
coastal industrial regions during the 1970s may also stand behind the initial 
acceleration of productivity growth during 1978- 198 3 .25 With vast resources 
directed toward interior regions that seemingly generated very low returns, 
we may speculate that the ambiguous productivity performance we observe 
during 1965-1978 may conceal a distinct long-term productivity increase in 
long-established industrial areas. 

” SSB (1987a, p. 5 1) shows that the share of China’s southwest and northwest regions in basic 
construction investment (in all sectors) plunged from 38% of the national total (excluding outlays 
not associated with specific provinces) in 1966-1970 to 27 and 22% during 1971-1975 and 1976- 
1980; traditional industrial centers, including Shanghai, Tianjin, Liaoning, Jiangsu, Zhejiang, 
and Guangdong, experienced rising investment shares during the same period. 
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Resolution of these issues will require fresh research that can benefit from 
the flood of materials now emerging from Chinese statistical agencies. The 
translog description of Chinese industrial technology commands only limited 
support in the present study, but the suggestion of capital’s declining output 
elasticity, and hence efficiency of capital’s utilization during 1953- 1985, calls 
for further inquiry. Omission of working capital from the present analysis 
rests entirely on empirical considerations and should be reevaluated using 
other sources of industrial data. Further refinement of industrial input data 
is clearly desirable. There is also cause for concern about the quality of output 
figures. The aggregation of output masks changes in China’s industrial price 
structure that may inject an upward bias into value totals for recent years.26 

If further study confirms our finding of rising productivity, the next task 
will be to investigate the sources of productivity growth over the long term 
and especially during the recent reform period. While our study uses aggregate 
performance data, systematic analysis of separate sectors and religions, already 
begun by several authors (Rawski, 1983, 1986; Shi et al., 1984, 1985, 1986; 
Chen and Sang, 1986; Jefferson, 1988), can determine the contribution of 
changes in the relative importance of different industries and of rising pro- 
ductivity within specific industries to the overall trends described in this paper. 

Even without detailed analysis, we can see wide gaps between the produc- 
tivity performance of leading and lagging sectors and regions. If we can identify 
areas of outstanding performance and explain why some regions and industries 
could achieve favorable records of productivity growth both before and after 
the introduction of new reform policies, we may obtain important insights 
into the policy directions best suited to sustain the impressive productivity 
gains achieved during the past decade. 

DATA APPENDIX 

NOTES TO TABLE 1 AND 5 

All data refer to independent accounting units within Chinese state industry. 

A. Table 1 
Column (1). Net value of industrial output at 1952 prices. Data supplied 

by Institute of Quantitative and Technical Economics (IQATE) and reported 
in Zheng and Chen (1987) give totals in 1970 prices for 1952/1980 and in 
1980 prices for 198 1 / 1985. Conversion to 1952 prices is based on the following 
coefficients: multiplying by 1.3054 converts 1970 to 1952 prices; multiplying 

26 For example, output value for the chemical sector reportedly rose by 64% in real terms during 
1980-1985 even though 1985 production of eight major items within that sector ranged from 
88.5 to 137.4% of the 1980 base (SSB, 1986a, pp. 48, 52-56). 
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by 1.2968 converts 1980 to 1952 prices. These coefficients are derived from 
figures showing the value of industrial output at different price bases for years 
(1957, 1971, 1981)oftransitionfromonetoanothersetoffixedprices(SSB, 
1985a, pp. 31-32). 

Column (2). Year-end employment. Data for 1952, 1956, 1957, 1962, 1965, 
1970, and 1975-1984 are from SSB (1985a, p. 71). Data for other years are 
provided by IQATE and reported in Zheng and Chen ( 1987). 

Columns (3) and (4). Year end, Year-end net fixed assets and quota working 
capital. Figures for 1952, 1957, 1962, 1965, 1970, and 1975-1984 are from 
SSB (1985b, p. 374); for 1985, SSB (1986, p. 243). Data for other years are 
provided by IQATE and reported in Zheng and Chen (1987). 

Column (5). Revised year-end labor force. Derived by excluding a proportion 
of reported labor force as explained in Section 3C. Calculation is based on 
data presented in Table 4 of Chen et al. (1988). 

Column (6). Revised year-end total of net fixed assets calculated at 1952 
prices (Chen et al., 1987, Table 6, Column (2)). 

Column (7). Revised year-end total of quota working capital in 1952 prices. 
Original series (Column (4)) deflated by index of workers’ living costs. This 
index is partially reproduced in SSB (1985b), p. 530. Data for other years are 
provided by IQATE and reported in Zheng and Chen (1987). 

B. Table 5 
Figures in Row B are derived from output and input data based on 1980 

prices. The method of “comparable prices” (kebi jiage) used by Chinese sta- 
tisticians produces indexes of long-term industrial output growth that are not 
affected by changes in the price base (see footnote 24 and Field (1986, p. 
509)). Therefore changing to 1980 prices has no effect on the index-number 
series of annual output figures used in our estimation. Time series of year- 
end net industrial fixed assets are from our earlier study (Chen et al., 1988, 
Table 6, Column (4)). We obtain a revised labor series as explained in the 
notes to Column (5) of Table 1. Since the required calculation makes use of 
the revised estimates of fixed assets, conversion from 1952 to 1980 prices 
alters the revised industrial labor input series. 
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