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Abstract 

The shadow price of capital is the present value of the stream of future consumption 

generated by current marginal investment. This paper derives an estimate of the 

shadow price of capital for China based on estimations of the marginal productivity 

of capital, the marginal propensity to save and the consumption rate of interest. 

Macro-economic data from independent accounting units of state industrial 

enterprises is compared to micro-economic data from World Bank project reports to 

produce a more realistic estimate. Using a simple model with no reinstatement, 

where the shadow price of capital depends only on the marginal productivity of 

capital and the consumption rate of interest, a lower limit for the shadow price of 

capital of 2.1 is estimated. Using a more complex aggregate function approach, an 

upper limit of 4.2 is estimated. The mean value of 3.2 is chosen as the shadow price 

of capital or the value of public investment in China. This estimate indicates that 

opportunity cost of capital is two times of its market price. In other words, the use of 

capital in China is subsidized. To exploit its labour-intensive comparative advantage 

and to correct capital market distortions, capital should be made more expensive to 

the user in China. 
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The shadow price of capital in China* 

The capital required for public project investment may come out of current 

consumption, alternative investment, or both. In any case, one dollar of 

marginal investment will generate a stream of future consumption. The 

present value of this stream of consumption is called the shadow price of 

capital. 

Like many developing countries, China has adopted a capital­

intensive development strategy for industrialization. Given limited 

savings, a desire for advanced technology and ambitious investment 

planning, policy is biased toward investment. That is, a dollar of 

investment is considered to be more valuable than a dollar of current 

consumption. 

In project evaluation, the shadow price of capital has to reflect the 

premium that the government places on investment over consumption, in 

project evaluation. If consumption is the numeraire, then a shadow price of 

capital of 1.2 means that income from a project that is re-invested is valued 

20 per cent more than income that results in consumption. In other words, 

a premium of 20 per cent is placed both on the value of output of the 

project available for re-investment, and on the value of resources taken 

from investment elsewhere. 

The primary objective of this paper is to estimate the shadow price of 

capital for China. The data used are based on statistics from independent 

accounting units within state industrial enterprises. The estimates derived 

show that at present capital is underpriced in China and that government 

policy should make capital more expensive to the users. 

A theoretical framework for the shadow price of capital 

Consider the case where total capital is fixed. The amount of capital 

required for a public project necessarily comes from alternative investment. 

Suppose that at the margin a unit of investment generates a projected 

*This research was carried out as part of my doctoral dissertation presented at the National Centre
for Development Studies at the Research School of Pacific Studies at the Australian National
University. I am grateful for the assistance of my supervisor Professor Peter Warr. and advisers Dr
Francis Perkins and Professor Helen Hughes.
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stream of return of q per year, then q represents the marginal productivity 
of capital. Also suppose that this return of q is immediately consumed as it 
becomes available. The present value of the consumption stream generated 
by a unit of investment can be denoted as: 

qKO qKO qKO 

+ + + 

(1 + i) (1 + i)2 o + il

where 

q = marginal productivity of capital; 

K0 
= capital cost of the project; 

T qKO 

= l: (1) 
t=l (1 +i)1

1 = consumption rate of interest which is the social rate of 
discount for a stream of income expressed in terms of 
consumption equivalents; 

If the average level of consumption increases over time and if 
diminishing marginal utility is accepted, future consumption generated by 
public investment must be discounted at a rate that reflects the expected 
future growth rate of consumption, g, and the rate of diminishing marginal 
utility, n. To derive n, a utility function must be specified: 

where 

Uc = marginal utility at consumption level c;

C = consumption level c; 
n = parameter of the utility function. 

(2) 

The basic assumption underlying this utility function is that the 
marginal utility of consumption decreases when the level of consumption 
increases. The higher the value of n, the higher the rate of diminishing 
marginal utility and the more egalitarian the government's objectives 
(Squire and Van der Tak 1975:63). 

Furthermore, if the government considers future consumption less 
valuable than present consumption simply because it occurs in the future, 
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the discount rate must include an element, r, reflecting pure time 

preference. The resulting discount rate is referred to in Squire and Van der 

Tak (1975:68) as the consumption rate of interest. 

i = ng + r 

where 

i = consumption rate of interest; 

n = value of the social elasticity of the marginal utility of 
consumption; 

g = the expected growth rate of real per capita consumption; 

r = pure time preference rate. 

Equation 1 is approximately equivalent to 

since 

0 

L 

1 

t=l (1 + i)1

1 
= 

(3) 

(4) 

(5) 

The present value of the aggregate consumption stream is then q/i times the 

capital investment. In a simple model with no reinvestment, the shadow 

price of capital depends only on the marginal productivity of capital and 

the consumption rate of interest. 

q 

(6) 

where 

Sk = shadow price of capital 
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However, it is unrealistic to assume that all returns from investment 

are immediately consumed. The shadow price of capital must also reflect 

the consumption generated indirectly by the reinvestment. Suppose that a 

fraction of the returns, s, is re-invested and only (1-s) is immediately 

consumed. If re-investment of the returns leads to an accumulated 

invesonent of At in year t, the overall direct and indirect return from this

invesonent will be 

Assuming the fraction ( 1 - s ) of this return is consumed, the contribution 

to aggregate consumption in year t is 

( 1 - s )  qAt

Therefore the shadow price of capital, that is, the present value of the entire 

stream of consumption, is 

T ( 1 - s) qAt

t=l ( 1 + i )1 

(7) 

The capital accumulated in year one is still the original investment 

(8) 

In year two, the total capital investment is augmented by a fraction of the 

first year's return (sqA1). Thus the accumulated capital in year two is

(9) 

In year three, the accumulated capital includes the re-investment of a 

fraction of year two's return as well as the earlier reinvestment. The capital 

accumulated by year three is 

(10) 

The shadow price of capital in China Lin Shujuan 
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Hence, the capital accumulation in year t is the sum of the available capital 
in the previous year At-1 • and the reinvestment from the returns of the
previous year, sqAt-1 · The general formula for capital accumulated in year

t is 

Substituting equation 11 into equation 7, we have 

or equivalently 

( 1 - s) q ( 1 + sq )1-1

(l+i )1 

( 1 - s ) q q - sq 
Sk = = 

i - sq i - sq 

since 

0 1 + sq 1 + sq 
( )l = 

t=l 1 + i i - sq 

(11) 

(12) 

(13) 

(14) 

Equation 13 expresses the shadow price of capital as the product of 
the share of consumption in the marginal return from investment, (1-s), and 
the marginal productivity of capital (q), divided by the difference between 
the consumption rate of interest (i) and the rate at which capital 
accumulates (sq). 

Three parameters are involved in the estimation of the shadow price 
of capital equation 13: the marginal productivity of capital (q), the marginal 
propensity to reinvest (s) and the consumption rate of interest (i). The 
limitations of the estimation of shadow price of capital must be recognized. 
We have assumed that all the parameters that determine the shadow price 
of capital remain constant over time. If any of these parameters change, 
equation 13 will not accurately reflect the true shadow price of capital. 

The assumption that all parameters remain constant over time 
generally implies that equation 13 overestimates Sk- It is reasonable to 
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expect that the divergence between q and i will decrease over time and 

reduce the value of current investment. For this reason, Squire and Yan der 
Tak (1975) treat the value of Sk derived from equation 13 as a maximum 

estimate of its true value. 

Since China has a centrally planned economy, state-owned enterprises 

dominate its economic activities. Data for estimation of the propensity to 

save and the productivity of capital for the private sector are difficult to 

collect. It is also difficult to distinguish between public and private s and q. 

Thus, in this study, a general shadow price of capital is derived from 
information and data collected from independent accounting units within 
state industry. 

Estimation of the marginal productivity of capital in China: 
alternative approaches 

In a perfect capital market with no government intervention, the market 
interest rate would reflect the social time preference rate as well as the 

social marginal productivity of capital, provided there is perfect 
competition in all other markets and there are no externalities. In China, 

however, not only are capital markets rudimentary, but capital prices are 
seriously distorted. Commodity and other factor markets are also highly 

distorted. The conditions required to equate the market interest rate to the 
social marginal productivity of capital are not likely to be satisfied. The 

market rate of interest is only of limited value in judging the level of the 

marginal productivity of capital. 

Estimation of the marginal productivity of capital can be based on 

both macro- and micro-economic data. For China, both sources are 

explored. Direct estimation of the marginal productivity of capital for 
China is not an easy task because of numerous conceptual and empirical 

problems. An estimation of the social marginal productivity of capital in 
this paper is obtained by comparing estimations from four approaches: 

■ the marginal capital-output ratio approach;

• the marginal capital-output ratio modified to reflect labour's
contribution;

•

• 

an aggregate production function approach; and

micro-level estimates .

The shadow price of capital in China 
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The three different macro-economic estimation procedures are 
undertaken first, followed by a study of micro-data to establish reliable 
estimates of the marginal productivity of capital in China. 

The marginal capital-output ratio approach 

In economies characterized by surplus labour with the marginal product of 
labour close to zero, the marginal productivity of capital (q) may be 
approximated by calculating the incremental output-capital ratio (k) which 
is simply the inverse of the familiar incremental net capital output ratio 
(ICOR). Formally, 

�Q 

q = (15) 

where 

�Q = incremental total output;

�K = incremental total capital investment.

Hence, the marginal productivity of capital expressed in equation 15 
is the total output generated by a unit of domestic capital investment. In 
the literature, it is suggested that equation 15 be used as an upper limit for 
the marginal productivity of capital because it over-estimates the marginal 
productivity of capital for at least three reasons (Squire and Yan der Tak 
1975: 110). First, it is obtained as an incremental average estimate rather 
than a truly marginal estimate; second, the implicit assumption of zero 
marginal productivity of labour is not really valid; and third, no allowance 
is made for technical progress and productivity growth in explaining 
increments in output. 

The adjusted marginal capital-output ratio approach 

One way to exclude labour's contribution to net incremental output is to 
subtract the increase in the value of labour's input per unit of net 
investment from the incremental net output capital ratio (Squire and Van 
der Tak 1975: 111). 

Formally, 

q = (��K�L) (16) 

The shadow price of capital in China Lin Shujuan 
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where
�K = incremental total capital investment;
�Q = incremental total output; 
�L = incremental contribution of labour to output.

In practice, it is assumed that labour's marginal contribution to output
(MPL) is equal to the increase in its factor payments, that is, the increase in
the wage bill over the year. Although the adjusted marginal output-capital
ratio approach provides a better estimate of the marginal productivity of
capital than the previous estimate, it is still crude and could be expected to
over-value the marginal productivity of capital due to the first and third
reasons noted in the previous section.
The aggregate production function approach 

When reliable national accounts data are available, a direct estimate of the
marginal productivity of capital can be obtained by estimating the
parameters of a Cobb-Douglas (or other more flexible) production
functions. A Cobb-Douglas formulation is used here.

Formally,

where
Q = total output;
A = a constant; 
t = a time trend which reflects technical progress;
K = total capital input;
L = total labour input; 
ex = elasticity of total output with respect to capital; 
� = elasticity of total output with respect to labour.

(17)

Constant returns to scale for the Cobb-Douglas production funtion
implies the restriction ex + � = 1. Therefore, the marginal productivity of
capital gives the following,
The shadow price of capital in China Lin Shujuan 
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(18) 

= a(Q/K ) 

Given the assumptions of perfect competition and constant returns to 

scale, a is the share of profits in national income; Q / K is the output­

capital ratio. 

In empirical studies, the translog production function form has also 

been used to estimate the output elasticities of capital and labour. Under 

certain restrictive conditions the translog production function form 

simplifies to the well-known Cobb-Douglas specification (equation 17 

above). 

The advantage of the translog function is that it allows the output 

elasticities of capital and labour to vary over time. If the output elasticity 

of capital grows relative to that of labour, then the increasing weight given 

to capital and the faster growing input would cause the index of factor 

inputs to rise more rapidly than with constant output elasticities. 

Al tern a ti vel y, a growing labour output elasticity would cause the 

productivity index to rise more rapidly than with constant Cobb-Douglas 

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

where 

Ln Qt = a
0 +gt+ aklnKt + aLlnLt + (1/2)akk(lnKt)

2

+ (1/2)aLL(lnLt)
2 
+ akLlnKtlnLt + et

Q = net industrial output; 

t = a time trend; 

K = net capital input; 

L = labour input. 

ak = elasticity of total output with respect to capital; 

aL = elasticity of total output with respect to labour;

akL = elasticity of substitution between capital and labour.

(19) 

The shadow price of capital in China Lin Shujuan 
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Hence, the marginal productivity of capital is, 

Q Q Q 
(20) 

The assumption of constant returns to scale requires the following 

restrictions on the parameters of the production function: 

=1 

=0 

=0 

(21) 

(22) 

(23) 

In the Cobb-Douglas production function where akk = an = akl = 0, 
the output elasticities are simply ak and a1. They remain constant over the

entire sample period. 

Macro-economic data for estimation of the marginal productivity of 
capital for China 

Measures of total industrial output, capital investment, fixed assets and 
labour required for independent accounting units within state industry are 
necessary to estimate equations 15, 16, 17 and 19. However, the relevant 
data published by the Chinese government contain many weakness. At 

least four sources of data weaknesses can be identified. 

(i) Total fixed assets are compiled from cumulative new investment in
successive years with each investment valued at current prices.
Unless the prices of capital goods remain stable, data generated in this
way may not accurately reflect the actual growth of real fixed assets
of independent accounting units within state industry.

(ii) Investment data for the independent accounting units within state
industry include a variety of service facilities such as housing,
schools, health clinics, stores, etc. Data which include investment
connected with these service facilities in industrial input data
overstate the amount of capital used directly in the production
process.

(iii) Changes in the relative prices of the main components of total
investment can also greatly affect the composition of industrial fixed

The shadow price of capital i11 Chi11a Lin Shujuan 
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investment. In China, especially during the past decade, neither the 

level of investment goods prices nor the relative prices of major 

investment goods have remained constant over time. Therefore, the 

size and composition of the capital stock of state-owned industry as 

shown in the China Statistical Yearbook 1950-91 may deviate widely 

from the reality. 

(iv) The data for total labour input in state-owned industry includes non­

production labour input such as those engaged in providing public

services, trading enterprises owned by the firm and so forth, while the

national income generated from those non-production sectors is

excluded from total industrial output. Hence, using official data is

likely to overestimate true labour input and undervalue the total

industrial output.

For the above reasons, available statistics cannot provide an accurate

evaluation of the capital-output relationship for independent accounting 

units within state industry. Revised data of total industrial output, capital 

investment and labour required for independent accounting units within 

state industry are derived to rectify the principal shortcomings of official 

available data. Revised data are based on 1952 prices. The procedure for 

correcting the shortcomings in published data has been described by Chen, 

Jefferson et al. (1988). Basically these authors made the following 

adjustments: 

(i) A new time series of net industrial output data was created based on

constant 1952 prices, by using a national income deflator;

(ii) Annual figures for fixed capital stock were decomposed into three

categories: non-residential construction, equipment, and others.

Appropriate price indices, derived by Chen, Jefferson et al. (1988),

were used to deflate each component of industrial investment and the

deflated components were combined to form new time series data of

industrial investment valued at constant 1985 prices;

(iii) Annual figures for capital inputs were formed by including fixed

capital stock and working capital, but excluding residential

construction, which represents the largest, though not the only

category of non-industrial projects in industrial investment data;

(iv) Total labour input data was compiled by excluding non-production

labour input from the original total labour input data. Because of a

lack of accurate data, the amount of non-production labour employed

was roughly calculated from the ratio of production to non-production

The shadow price of capital in China Lin Shujuan 
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investment. In fact this may over-estimate the level of non-production 

labour because production activities are likely to be more capital­

intensive than non-production ones. 

The adjustments described above attempt to overcome the major 

problems of Chinese industrial input data while preserving consistency 

between inputs and outputs. Appendix Table A 1 contains the original and 

revised data for independent accounting units within state industry from 

1952-88. More detailed discussions of revised data can be found in Chen, 

Wang et al. (1988) and Chen, Jefferson et al. (1988). 

Data for the derivation of the incremental capital-output ratio in state­

owned industrial enterprises, is presented in Appendix Table A2. The 

average incremental capital-output ratio estimated by using equation 15 

over the period 1952-88 was found to be 0.57. 

Data for the derivation of incremental real net labour-investment 

ratios are presented in Appendix Table A3. The adjusted marginal output­

capital ratio for independent accounting units of state industry estimated by 

using equation 19 was 0.57 - 0.20 = 0.37. 

Estimation results for production functions 

Before comparing the two estimation results of marginal productivity of 

capital by using equations 17 and 19, one modification made to the original 

two equations should be noted. The ordinary least square (OLS) results 

show a low value of Durbin-Watson statistics for the Cobb-Douglas 

production function and the translog production function (OW 1 =0.95,

DW2=0.97 respectively). This indicates that there is autocorrelation

among residuals. By using the error correction method (ECM), the first­

order autoregression (AR(l)) correction improved statistical results 

(OW 1 = 1.56, OW 2= 1.55 respectively) but autocorrelation among residuals

still remained. Therefore, second-order autoregression (AR(2)) is 

employed in both equations 17 and 19. 

Table 1 shows the estimation results using time series data for the 

independent accounting units within state industry from 1952-88. 

The shadow price of capital in China Lin Shujuan 
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Table 1 
Estimation results 

Cobb-Douglas Translog 
CH�l o:+B=I 

(1) (2)

Constant -71.2 -51.1
(2.7)* (0.9)

0.4 0.2
(2.7)* (0.7)

ak 0.39 2.16
(2.5)** (1.7)**

a1 0.32 4.4
(3.1 )* (1.4)****

1/2 akk n.a -0.77
(1.5)****

1/2 au n.a -1.05
(1.4)****

akl n.a 0.28 
(1.9)*** 

R2 0.99 0.99 

DW 1.94 2.03 

Heteroskedasticity test 
Chi-square 0.76 1.789 

(DF=l ) (DF=l) 

Chi-square critical value 3.84** 3.84** 

Ramsey test 
0.34b Reset (2) 0.493 

F critical value 4.15** 4.18** 

� F with DFl=l and DF2=32.
F with DFl=l and DF2=29.

significant at 0.5 per cent. 
•• significant at 1 per cent.
••• significant at 5 per cent. 
•••• Significant at 10 per cent. 

Cobb-Douglas Translog 
o:+B2-.l o:+B=l 

(3) (4)

-20.7 34.8
(1.7)*** (0.5) 

0.1 -0.2
(1.7)*** (0.6) 

0.68 0.78 
(6.3)* (5.4)* 

0.32 0.22 
(3.0)* (1.5)**** 

n.a 0.26 
(0.9) 

n.a -0.26
(0.86)

n.a 0.26 
(0.86) 

0.99 0.99 

1.89 1.94 

0.40 0.03 
(DF=l ) (DF=l) 

3.84** 3.84** 

3.883 17.96b 

4.15** 4.18** 

Columns (3) and (4) in Table 1 show the estimation of equations 17 

and 19 under the assumption of constant returns to scale. Thus, the sum of 

the output elasticities was constrained to equal unity. Initial estimation 

without this restriction is shown in columns (1) and (2) in Table 1. 

The shadow price of capital in China 
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Numbers in brackets are t values. The results show that Cobb­

Douglas functional forms are a better estimation than the translog 

functional forms. All t statistics of the parameters are significant at 5 per 

cent in the Cobb-Douglas functional forms (columns 1 and 3), but not in 

the translog functional forms (columns 2 and 4). Moreover, the low F ratio 

of the Ramsey test leads to the acceptance of the Cobb-Douglas production 

functional form. The significant F value of the Ramsey test in the translog 

production function (column 4) indicates that the functional form specified 

for the Chinese economy is inadequate. 

Statistically, both Cobb-Douglas specifications are acceptable with or 

without restrictions of constant returns to scale. However, economically, 

the assumption of constant returns to scale is not sensible for China. 

Therefore, in the discussion below, estimation of the marginal productivity 

of capital is based on the initial Cobb-Douglas production function form. 

The elasticity of capital derived from the Cobb-Douglas production 

function is 0.39. The capital-output ratio has already been estimated to be 

68 per cent (Table A2). Hence, the marginal productivity of capital 

estimated by using equation 17 is 

q = 0.39 (0.68) = 0.27 

The micro level estimation approach 

For micro-economic estimation, two sources of information are available: 

the interest rate structure of the economy and the project-specific economic 

rates of return. Imperfections in capital markets imply that interest rates 

are not very meaningful measures of the marginal productivity of capital. 

The pre-tax profit net of depreciation in the industrial sector would be a 

better guide of q (Squire and Van der Tak 1975: 111). The profit rate in the 

private sector would also be a useful indicator but is difficult to obtain. In 

the case of China, the capital profit rates for independent accounting units 

within state industry may provide a suitable indicator. Appendix Table A4 

shows that the average post-tax net capital profit rate is 17 .6 per cent and 

the average pre-tax net capital profit rate is 26. 7 per cent for 1952-87. 

In using this data, the following points should be noted. First, with 

regard to the return on all invested capital, if project investment is financed 

by various sources, a weighted average of the return on each type of 

investment is necessary. The relevant interest rates may be interpreted as 

The shadow price of capital in China Lin Shujuan 
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the return on loan finance. Second, with regard to the real return, both the 

pre-tax profit rate and the interest rates should be deflated by the rate of 

inflation. Third, to obtain the return at border prices rather than at domestic 

prices, the application of the appropriate conversion factors is required 

(Squire and Van der Tak 1975:111). 

Table 2 
Micro estimation of the marginal productivity of capital in China 

Total loans Weighted 
Sector No. of $US Average 

projects (million) ERRa 

Agriculture 11 973.1 25.0 
Highways and railways 7 1062.6 27.0 
Industry 9 1018.3 39.0 
Ports 5 426.4 21.0 
Power 8 1519.4 12.0 
Weighted average ERR a 24.0 

a Economic rate of return (ERR).
Sources: Data for calculation of the weighted average of ERR is given in Appendix Tables A5-AJ I. 

Micro-level estimates of marginal productivity of capital in this study 

are based on the estimated rate of return on projects financed by the World 

Bank. The marginal productivity of capital for World Bank projects shown 

in Table 2 is derived from the weighted average of the economic rate of 

return (ERR) on 40 projects in China. Estimates are provided by World 

Bank Staff Appraisal Reports. 

The average economic rate of return is 24 per cent for the 40 World 

Bank projects. This number is likely to overestimate the marginal 

productivity of capital in China for two reasons. 

First, the figure represents the expected average ERR of the 40 

projects rather than the actual ex post ERR of the marginal project. 

Second, to receive financial assistance from the World Bank, the 

government is likely to have chosen those projects with the most profit 

potential. Thus, the projects financed by the World Bank may have higher 

returns than other projects. Most of the World Bank project appraisal 

papers used 12 per cent as the target rate of returns. 

The shadow price of capital in China Lin Shujuan 
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The value of marginal productivity of capital for independent 

accounting units within state industry is shown in Table 3. It ranges from 

24 per cent to 37 per cent based on various estimations. 

Table 3 
The range of the value of marginal productivities of capital in China 

World Bank target rate of return 
Economic rate of return a 
Cobb-Douglas functionb 

Profit, tax/capital ratioc 

Incremental 0/K ratiod 

a Table 2.
b Equation 17.
c Appendix Table A4. 
d Appendix Tables A2 and A3.

q values(%) 

12 
24 
27 
27 
37 

As noted above, the economic rate of return for World Bank projects, 

as well as the adjusted incremental output-capital ratio, overestimate the 

marginal productivity of capital to a certain extent. Hence, the 12 per cent 

World Bank target rate included in Table 3 is used as a low bound of the 

estimation of q. A more reliable range is expected to be allocated between 

the value derived from micro-estimation and the World Bank target rate, 

that is between 24 per cent and 12 per cent. The mean value of 18 per cent 

has been chosen to calculate the shadow price of capital for China. 

Estimation of the consumption rate of interest 

The consumption rate of interest, i, as defined in the equation 3 has three 

components: the expected growth rate of real per capita consumption, g; 

the value of the social elasticity of the marginal utility of consumption, n; 

and the rate of pure time preference, r (Squire and Van der Tak 197 5: 109). 

The expected growth rate of real per capital consumption 

During the period 1980-87, total private consumption at constant prices 

grew at an annual rate of 6.1 per cent in China. Given a 1.2 per cent 

population growth rate (World Bank 1989) an average growth rate of real 

per capita consumption (g) of 4.9 per cent is implied in this period. 

Assuming that projected real per capita consumption will not change in the 
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near future (during a project life of 20 to 30 years), a value of 4.9 per cent 

for g is applied in this study. 

The value of the social elasticity of the marginal utility of consumption 

A number of attempts have been made to derive the value of the social 

elasticity of the marginal utility of consumption (n) objectively. Fellner 

(1967) found that a reasonable range of values for n is given by n=l.0 to 

n=2.5. Squire and Van der Tak (1975:67) suggested values of n=l.0 to 

n=2.0 for countries with mild and strong interest in income distribution 

objectives respectively. 

Although economic growth has been the major objective of the 

Chinese government since 1978, social equity and improving distribution 

of income have not been completely ignored. To eliminate the 'Three 

Differences' that is the differences between rural and urban areas; between 

skilled and unskilled labour; between blue and white collar workers has 

been an important objective. 

In practice it has long been recognized that there is a trade-off 

between growth and income distribution objectives which must be balanced 

by the government. 

Since 1978, the increased use of market mechanisms and diversified 

ownership has caused the share of the household sector and other non state­

owned sectors to increase rapidly. High incomes in these sectors have 

affected previous patterns of income distribution and caused social 

problems. The Chinese government is faced with the need to balance 

economic growth with income growth for low income groups. Hence, in 

choosing subjective parameters relating to equity and growth objectives, 

the Chinese government's attitude towards income redistribution may be 

considered as being 'moderate' compared to 'radical' and 'indifferent'. 

Values of n lying between 0.5 and 2.5 are chosen for sensitivity analysis. 

For the main part of the analysis, a value of n=l .5 will be used. 

Estimation of the rate of pure time preference 

The high priority that the Chinese government has placed on growth also 

implies a very low value for the rate of pure time preference (r). In other 

words, the Chinese government places very little, if any, premium on 

current consumption compared with future consumption. Because the 

consumption rate of interest depends on the social value judgements 

The shadow price of capital in China Lin Shujuan 

17 

-



CHINA PAPER 91/3 

reflected by both n and r, the value of these two parameters should not be 

detennined interdependently. China has a growth-conscious economy, 

which requires a low consumption rate of interest. On the other hand, 

China is also concerned about current income distribution, which demands 

a high elasticity of marginal utility of consumption (n). 

A low value for the rate of pure time preference (r) would ensure that 

the consumption rate of interest (i) is low and hence correctly reflects the 

Chinese government's growth objective despite the high value for n. 

Squire and Van der Tak (1975:109) recommend that relatively low values 

of zero to 5 per cent be used. A value of r=l is applied in this study. Table 

4 shows the possible range of consumption rates of interest in China. A 

central value of 8.4 per cent for the consumption rate of interest is chosen 

at this stage. 

Table 4 

The possible range of the consumption rate of interest for China 

n r=0 r=l r=2 r=3 r=4 r=5 

0.5 2.5 3.5 4.5 5.5 6.5 7.5 

1.0 4.9 5.9 6.9 7.9 8.9 9.9 

1.5 7.4 8.4 9.4 10.4 11.4 12.4 

2.0 9.8 10.8 11.8 12.8 13.8 14.8 

2.5 12.3 13.3 14.3 15.3 16.3 17.3 

Note: The value of consumption rate of interest is derived from equation 3; g = 4.9 per cent.

Estimation of the marginal propensity to reinvest 

If the national income is fixed and there is no external borrowing, the 

amount of capital available for investment can only be increased by 

decreasing the amount available for consumption. To accelerate the 

process of industrialization, China needed to accumulate large amounts of 

capital. To raise living standards, on the other hand much of its income 

needed for consumption. Correctly handling the relationship between 

reinvestment and consumption has long been recognized as one of the 

important factors in economic development. 

Looking back over China's experience, it is clear that the imbalance 

between reinvestment and consumption since 1958 has been one of the 
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major causes of the repeated set-backs China has suffered in the process of

industrialization (Dong Fureng 1982). Table 5 shows the proportion of

China's national income devoted to reinvestment or consumption for

various time periods since 1953.

Table 5 
The proportion of national income devoted to reinvestment or consumption 

Year 

1953-57 

1958-62 

1963-65 

1966-70 

1971-75 

1976-80 

1981-85 

1986-88 

National income 
(billion yuan) 

412.2 

561.6 

357.8 

778.5 

1105.4 

1502.4 

2618.2 

3022.9 

Consumption 
(per cent) 

75.8 

69.2 

77.3 

73.7 

67.0 

66.8 

68.7 

65.7 

Source: State Statistical Bureau, China S1a1is1ical Yearbook, Beijing, I 989. 

Reinvestment 
(per cent) 

24.2 

30.8 

22.7 

26.3 

33.0 

33.2 

31.3 

34.3 

The average capital reinvestment rate in China ranged from 24.2 per 

cent in the First Five Year Plan to a peak of 34.3 per cent in the first three 

years of the Seventh Five Year Plan. However, most Chinese economists 

(Dong Fureng 1982) consider that the First Five Year Plan was the most 

healthy and that a capital reinvestment rate of 25 per cent would be most 

appropriate. Since 1978, the Chinese government has been taking steps to 

improve the balance between reinvestment and consumption. 

Reinvestment is gradually being reduced to a more appropriate level, that 

is, from 36.5 per cent in 1978 to 34.1 per cent in 1988. The efficiency with 

which capital is used is being improved and the distribution of reinvestment 

funds is becoming more rational. 

Accordingly, a range from 25 per cent to 35 per cent reinvestment rate 
was chosen for sensitivity analysis. Table 6 summarizes the possible range 
of the shadow price of capital (Sk) based on different estimates of the
marginal productivity of capital in independent accounting units within
state industry. 

The central group of values of Sk were chosen, that is, 2.1 for the 

lower boundary (equation 6) and 4.2 for the higher boundary (equation 13), 

based on q=18; i=8.4 and s=0.3. This means that the marginal social value 
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of public income is worth 2.1 to 4.2 times the marginal social value of 
private consumption at the average level of consumption in China. The 
mean value of 3.2 is chosen as the central value for the shadow price of 
capital in China. 

Marginal 
productivity of 
capital (per cent) 

12 
18 
24 

Table 6 
Shadow price of capital in China 

Shadow price 
of capital 

lower boundary 

1.4 
2.1 
3.0 

Shadow price 
of capital 

upper boundary 

1.8 

4.2 

14.0 

Note: The value of the lower limit is derived from equation 6 and the value of the upper limit is 
derived from equation 13; s = 0.30; i = 8.4. 

Summary and conclusions 

The shadow price of capital was derived for China using equations 6 and 
13 to establish lower and higher limits respectively. The derived values of 
the shadow price of capital using equation 6 range from 1.4 to 3.0 for 
different estimations of marginal productivity of capital. On the basis of 
the discussion in the third section, where the mean value of the marginal 
productivity of capital was estimated to be 18 per cent, the shadow price of 
capital estimates based on our chosen numeriare ranges from 2.1 to 4.2 
depending on assumptions regarding the rate of reinvestment of capital. 
Hence, 2.1 and 4.2 represent the lower and upper limits of the shadow price 
of capital. The mean value of 3.2 is chosen as the shadow price of capital 
or the value of public investment in China. 

The estimation results indicate that there is a premium attached to 
capital goods over consumption goods. The implications for policy 
planning are equally clear. A shadow price of capital of 3 suggests that, 
opportunity cost of capital is three times its market price. To exploit its 
labour-intensive comparative advantage China should tax the use of capital 
at a rate of 300 per cent, that is, at three times its original cost rather than 
subsidize its use. In other words, capital should be made more expensive to 
the user in China. 
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Appendix Table A I 
The original and revised data for independent accounting units within state 

industry 1952-88 (1952=100) 

Original data Revised data 

Net Total Total 
Year output capital Labour capital Labour 

(1)8 (2)8 (3)b (4)8 (5)b

1952 11.44 14.68 51.0 14.68 50.5 
1953 15.30 17.80 59.4 17.68 58.6 
1954 17.68 21.17 61.0 21.17 59.2 
1955 18.76 23.61 58.0 23.83 55.9 
1956 24.53 27.02 71.7 27.28 68.6 
1957 29.97 33.03 74.8 33.32 71.1 
1958 50.24 46.96 231.6 47.55 218.0 
1959 65.30 66.45 199.3 67.99 186.4 
1960 73.34 87.45 214.4 90.40 199.7 
1961 40.95 91.65 159.7 92.28 148.5 
1962 34.90 89.26 117.8 87.39 109.5 
1963 39.51 90.21 111.9 88.35 104.0 
1964 50.19 94.83 115.9 90.55 107.8 
1965 63.87 103.73 123.8 98.32 115.3 
1966 79.58 111.94 132.4 106.23 123.4 
1967 65.27 121.38 138.2 115.50 128.9 
1968 60.58 129.16 149.2 122.58 139.2 
1969 81.95 136.26 163.0 130.23 152.2 
1970 110.12 154.51 195.9 152.29 183.1 
1971 127.59 173.94 223.3 170.17 209.0 
1972 134.09 197.46 235.0 194.65 220.3 
1973 140.36 220.01 239.7 218.41 225.1 
1974 138.52 236.31 249.7 234.91 234.4 
1975 159.83 256.90 269.I 255.49 253.2 
1976 144.19 277.44 286.6 274.44 269.8 
1977 157.88 298.52 301.3 294.80 283.8 
1978 190.82 327.30 301.4 321.12 284.1 
1979 206.25 348.76 310.9 337.13 292.9 
1980 224.20 366.37 324.6 346.42 305.0 
1981 222.12 387.30 340.7 355.44 318.3 
1982 231.95 414.59 350.3 372.48 324.6 
1983 253.81 445.25 355.2 389.17 326.4 
1984 283.46 475.51 359.2 402.31 328.6 
1985 346.92 560.41 368.5 453.89 335.2 
1986 375.54 649.60 382.3 527.97 344.0 
1987 436.21 745.70 395.8 606.58 356.2 
1988 528.10 860.30 409.3 697.90 368.4 

� Columns 1,2 and 4 are in billion yuan. 
Columns 3 and 5 are in ten thousand workers. 

Sources: The original data are from State Statistical Bureau, China Statistical Year Book, Beijing. 
1990. The revised data for 1952-85 are from Jefferson Chen el al. 1988. The revised data for 1986-
88 are calculated by author. 
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Table A2 
Data for the estimation of the incremental output/capital ratio 1952-88 

(1952= I 00) 

Net Incre- Total Incremental 
Industrial mental capital capital llQ/llK Q/K 

output output(/lQ) inputs inputs(/lK) (2)/�) 
(6)b(1)3 (2)3 (3)3 (4)3 (5) 

1952 11.44 n.a 14.68 n.a n.a 0.78 
1953 15.30 3.86 17.68 3.00 1.29 0.87 
1954 17.68 2.38 21.17 3.49 0.68 0.84 
1955 18.76 1.08 23.83 2.66 0.41 0.79 
1956 24.53 5.77 27.28 3.45 1.67 0.90 
1957 29.97 5.44 33.32 6.04 0.90 0.90 
1958 50.24 20.26 47.55 14.23 1.42 1.06 

1959 65.30 15.06 67.99 20.44 0.74 0.96 
1960 73.34 8.05 90.40 22.41 0.36 0.81 
1961 40.95 -32.39 92.28 1.88 -17.23 0.44 
1962 34.90 -6.05 87.39 -4.89 1.24 0.40 
1963 39.51 4.61 88.35 0.96 4.80 0.45 
1964 50.19 10.68 90.55 2.20 4.86 0.55 
1965 63.87 13.67 98.32 7.77 1.76 0.65 
1966 79.58 15.71 106.23 7.91 I.99 0.75 
1967 65.27 -14.30 115.50 9.27 -1.54 0.57 
1968 60.58 -4.70 122.58 7.08 -0.66 0.49 
1969 81.95 21.37 130.23 7.65 2.79 0.63 
1970 110.12 28.17 152.29 22.06 1.28 0.72 
1971 127.59 17.47 170.17 17.88 0.98 0.75 
1972 134.09 6.50 194.65 24.48 0.27 0.69 
1973 140.36 6.28 218.4 I 23.76 0.26 0.64 
1974 138.52 -1.84 234.91 16.50 -0.l I 0.59 
1975 159.83 21.31 255.49 20.58 1.04 0.63 
1976 144.19 -15.65 274.44 18.95 -0.83 0.53 
1977 157.88 13.69 294.80 20.36 0.67 0.54 
1978 190.82 32.94 321.12 26.32 1.25 0.59 
1979 206.25 15.43 337.13 16.01 0.96 0.61 
1980 224.20 17.96 346.42 9.29 1.93 0.65 
1981 222.12 -2.09 355.44 9.02 -0.23 0.62 
1982 231.95 9.83 372.48 17.04 0.58 0.62 
1983 253.81 21.86 389.17 16.69 1.31 0.65 
1984 283.46 29.65 402.31 13.14 2.26 0.70 
1985 346.92 63.46 453.89 51.58 1.23 0.76 
1986 375.54 28.62 527.97 74.08 0.39 0.71 
1987 436.21 60.67 606.58 78.61 0.77 0.72 
1988 528.10 91.89 697.90 91.32 1.01 0.76 
Average 0.57 0.68 

a Columns I, 2, 3 and 4 are in billion yuan.
b Columns 5 and 6 are in percentage. 
Sources: The original data are from State Statistical Bureau, China Statistical Year Book, Beijing, 
1990. The revised data for 1952-85 are from Jefferson Chen et al. 1988. The revised data for 1986-
88 are calculated by author. 
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Table A3 
Data for estimation of the incremental labour input capital ratio 1952-88 

(1952= l 00) 

Total Total Incremental 
Year labour Wage bill Wage bill LiL/�K 

(l)a (2)b (3)b (4)C

1952 50.50 21.6 n.a n.a
1953 58.60 27.6 6.0 2.0
1954 59.20 28.3 0.7 0.2
1955 55.90 29.8 1.5 0.6
1956 68.60 36.2 6.4 1.9
1957 71.10 41.8 5.6 0.9
1958 218.00 79.6 37.8 2.7
1959 186.40 86.9 7.3 0.4
1960 199.70 92.1 5.2 0.2
1961 148.50 66.1 -26.0 -13.8
1962 109.50 51.8 -14.3 -2.9
1963 104.00 51.9 0.1 0.1
1964 107.80 56.3 4.4 2.0
1965 115.30 60.3 4.0 0.5
1966 123.40 63.7 3.4 0.4
1967 128.90 67.5 3.8 0.4
1968 139.20 71.1 3.6 0.5
1969 152.20 78.3 7.2 0.9
1970 183.10 90.2 11.9 0.5
1971 209.00 101.7 11.5 0.6
1972 220.30 114.6 12.9 0.5
1973 225.10 117.8 3.2 0.1
1974 234.40 122.8 5.0 0.3
1975 253.20 128.9 6.1 0.3
1976 269.80 135.0 6.1 0.3
1977 283.80 139.0 4.0 0.2
1978 284.10 147.0 8.0 OJ
1979 292.90 162.6 15.6 1.0
1980 305.00 181.7 19.1 2.1
1981 318.30 186.7 5.0 0.6
1982 324.60 194.5 7.8 0.5
1983 326.40 200.9 6.4 0.4
1984 328.60 232.8 31.9 2.4
1985 335.20 255.0 22.2 0.4
1986 344.03 287.8 32.8 0.4
1987 356.23 304.0 16.2 0.2
1988 368.41 360.4 56.4 0.6
Average 0.2

: Column 1 is in millions of workers. 
Columns 2 and 3 are in billion yuan.c Column 4 is in percentage. The value of incremental capital inputs (.6K) is taken from column 4 of 

Table A2. 
Source: The original data are from State Statistical Bureau, China StaJistical Year Book, Beijing. 
1990. The revised data for 1952-85 are from Jefferson Chen et al. 1988. The revised data for 1986-
88 are calculated by author. 
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Table A4 

The average profit/capital ratio of state-owned industrial enterprises 
in China 1952-87 

Year 

1952 

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 

1986 

1987 
Average 

Post-tax 
profit/capital 

ratio (per cent) 

19.2 

23.l

22.5
22.l

22.0
23.9
34.2

35.2
32.6
9.0 
8.5 

13.4 
17.5 
20.9 
24.2 
13.6 
10.0 
16.1 

20.1 

19.3 
18.0 

16.8 
13.4 
14.l
11.4
12.9
15.5
16.1

16.0

15.0

14.4

14.4

14.9

13.2

10.6

10.6
17.6

Source: State Statistical Bureau, China Statistical Yearbook, Beijing, 1989. 
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Pre-tax 
profit/capital 

ratio (per cent) 

25.4 

30.4 
30.4 

30.0 
32.l
34.6
46.5

48.7
43.6
15.9

15.1
20.5
25.7
29.8
34.5
21.7

17.3

25.3
30.6

30.0

27.7

25.8
21.7
22.7
19.3
21.2
24.2
24.8

24.8

23.8

23.4

23.2

24.2

23.8

20.7

20.3
26.7
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Table A5 
Sectoral Distribution of World Bank Loans to China 1982-88 

No. of Total loans 
Sector projects $US Per cent 

(million) 

Port projects 6 426.4 6 

Power projects 8 1519.4 23 

Industrial projects 15 1682.2 25 

Agricultural projects 13 1113.1 17 

Highway & railway projects 8 1062.6 16 

Education projects 9 854.2 13 

Total 59 6657.9 100 

Source: World Banlc Staff Appraisal Reports. 

Table A6 
Distribution of World Bank loans among port projects in China 1982-88 

Project 

Dalian port 
Ningbo and Shanghai ports 
Tianjin port 
Huangpu port 
Xiamen port 
Total 

a Special drawing rights.
b Economic rate of return. 
Source: World Bank Staff Appraisal Reports. 
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Total loans 
SUS 

(million) 

96.0 
76.4 

130.0 

88.0 
36.0 

426.4 

25 

Bank 

71.0 25.0 

63.0 25.0 

ERRb 

(per cent) 

20 

18 
21 
21 
31 
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Table A7 
Distribution of World Bank loans among power projects in China 1982-88 

Project 

1 Lubuge power project 
2 Second power project 
3 Shuikou power project 
4 Wujing power project 
5 National capital power supply project phase I 
6 Beilungang thermal project 
7 Beilingang extention project 
8 Yantan power project 

Total 

a Economic rate of return. 
Source: World Bank Staff Appraisal Reports. 

Table A8 

Total loans 
$US 

million 

145.4 

117.0 

140.0 

190.0 

485.0 

225.0 

165.0 

52.0 

1519.4 

ERRa

(%) 

12 

14 

15 

12 

11 

9 

15 

12 

Distribution of World Bank loans in industrial projects in China 1982-88 

Total loans 
Project $US Bank SDRa ERRb 

million (%) 

1 Shanghai aluminum milling 
2 Changcun coal mining 126.0 21 

3 Shanghai machine tool 100.0 31 

4 Shanghai sewerage 145.0 45.0 100.0 13 

5 Phosphate development 62.7 26 

6 Pharmaceuticals project 127.0 25 

7 Industrial credit project 68.6 40.6 28.0 

8 Second industrial credit 175.0 105.0 70.0 

9 Fourth industrial credit 300.0 250.0 50.0 

10 Gansu industrial development 20.0 

11 Karamay petroleum 100.3 

12 Zhongyuan-wenliu petroleum 100.8 74 

13 Daqing oilfield reservoir 162.4 91 

14 Fertilizer rehabilitation and 
energy saving project 97.0 31 

15 Fertilizer rationalization 97.4 24 

Total 1682.2 

a Special drawing rights. 
b Economic rate of return. 
Source: World Bank Staff Appraisal Reports. 
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Table A9 

Distribution of World Bank loans in agricultural projects in China 1982-88 

Total loans 
Project $US Bank SDRa ERRb 

million (%) 

1 Coastal land development 100.0 40.0 60.0 32 
2 Xinjiang agricultural development 70.0 18 
3 Rural water supply 80.0 
4 Seeds project 40.0 38 
5 Third rural credit project 170.0 24 
6 Forestry development project 47.8 >50
7 Pishihang-chaohu area development project 92.0 17.0 75.0 36 
8 Red soils area development 40.0 29 
9 Ggansu provincial development 

the agricultural component 130.0 13 
10 Rubber development 100.0 17 
11 North irrigation project 103.0 20 
12 North China plain agriculture 60.0 
13 Heilongjiang land reclamation 80.3 45.0 35.3 23 

Total 1113. l 

a Special drawing rights. 
b Economic rate of return. 
Source: World Bank Staff Appraisal Reports. 

Table AIO 

Distribution of World Bank loans in highway and railway projects in China 
1982-88 

Total loans 
Project $US Bank SDRa ERRb 

million (%) 

1 Highway project 72.6 42.6 30.0 20 
2 Shaanxi provincial highway 50.0 2sa 
3 Sichuan provincial highway 125.0 75.0 50.0 27b 
4 Railway project 
5 Second railway project 235.0 25 
6 Third railway project 230.0 160.0 70.0 30 

Fourth railway project 200.0 36 
8 Beijing-Tianjin-Tanggu 

expressway project 150.0 25.0 125.0 15 

Total 1062.6 

� Special drawing rights. 
Economic rate of return. 

Source: World Bank Staff Appraisal Reports. 
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Table Al 1 
Distribution of World Bank loans in education projects in China 1982-88 

Project 

1 University development project 

2 Second university development project 

3 Rural health and medical education 
4 Second agricultural education 

5 Agricultural education and research 
6 Second agricultural research 
7 Polytechnic/television university project 
8 Teacher training project 
9 Provincial university project 

Total 

Source: World Bank Staff Appraisal Reporu;. 
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Total Joans 
$US 

million 

200.0 
145.0 

85.0 

68.8 

75.4 
25.0 
85.0 
50.0 

120.0 

854.2 
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No. 6002-CHA, March 7, 1986, Third Railway Project. 

No. 6050-CHA, May 5, 1986, Yantan Hydroelectric Project 

No. 6072-CHA, August 1, 1986, Red Soils Area Development Project. 

No. 6189-CHA, November 24, 1986, Shuikou Hydroelectric Project. 

No. 6230-CHA, August 28, 1987, Huangpu Port Project. 

No. 6344-CHA, April 17, 1987, Beijing-Tianjin-Tanggu Expressway Project. 

No. 6412-CHA, Jan. 29, 1987, Fourth Industrial Credit Project (China Invesmzent 
Bank IV). 

No. 6425-CHA, February 3, 1987, Xinjiang Agricultural Development Project. 

No. 6485-CHA, Mar. 20, 1987, Shanghai Sewerage Project. 

No. 6556-CHA, Apri. 15, 1987, Gansu Provincial Development Project: the 
Agriculture Component. 

No. 6556-CHA, Apri. 15, 1987, Gansu Provincial Developmellt Project: the 
Industrial Diversification Componellt. 

No. 6588-CHA, Jan. 5, 1988, Dalian Port Project. 

No. 6610-CHA, May 18, 1987, Wujing Thermal Power Project. 

No. 6662-CHA, May 11, 1987, Fertilizer Rationalization Project. 

No. 6720-CHA, May 28, 1987, National Capital Power Supply Project - Phase I. 

No. 6903-CHA, Dec. 28, 1987, Third Rural Credit Project. 

No. 6986-CHA, March 4, 1988, Coastal Lands Development Project. 

No. 7059-CHA, Feb. 12, 1988, Northern Irrigation Project. 
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No. 7096-CHA, April 27, 1988, Pharmaceuticals Project. 

No. 7164-CHA, May 12, 1988, Beilungang Thermal Power Extension Project. 

No. 7167-CHA, May 12, 1988, Shaanxi Provincial Highway Project. 

No. 7168-CHA, May 12, 1988, Sichuan Provincial Highway Project. 

No. 7142-CHA, May 23, 1988, Phosphate Development Project. 

No. 7148-CHA, June 2, 1988, Fourth Railway Project. 

No. 7187-CHA, May 3, 1988, Teacher Training Project. 

No. 7257-CHA, November 16, 1988, Ningbo and Shanghai Ports Project: 
Shanghai Port. 

No. 7296-CHA, November 16, 1988, Xiamen Port Project. 
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