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Abstract

Using firm-level data on large and medium state-owned construction units, a production
function approach evaluates the effect of scale on the response of Chinese state enterprises
to reform. Large state units have greater economies of scale, but are less productive and less
input price efficient as investment increases in nonproductive fixed assets. Large unit profits
are declining fastest, and a comparison of coastal, interior, and ministry-level units
contradicts the hypothesis that competition is the primary source of this decline. Instead,
falling profits are explained by the increased autonomy which allows these units to be more
inefficient. © 1997 Elsevier Science B.V.
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1. Introduction

This paper uses data from the Chinese construction sector to examine the
response of state-owned enterprises to economic reform. Reforms in China have
helped to create a competitive environment putting additional pressure on the state
enterprise, and much economic decision making has devolved back to the enter-
prise. This autonomy is necessary if the enterprise is to react appropriately to
market conditions, but it can also be used to act inefficiently in the absence of
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appropriate incentives. Since larger state enterprises are more likely to have access
to the state’s deep pockets, and less likely to face competition from emerging
non-state firms, this paper considers the differential effects of scale on changes in
firm efficiency over time. Since enterprises in the coastal provinces have experi-
enced more competition, while enterprises under the national ministries are much
more likely to still be producing under bureaucratic (rather than market) coordina-
tion, this paper further considers the effects of authority.

A straightforward production function approach is used to test the hypotheses
of competition and autonomy, estimating several different relative efficiency
measures for large and medium state-owned construction units from 1985 to 1991.
These estimates show that economies of scale are present if not very large;
however, large enterprises are found to be significantly less price efficient in their
input use. This input price efficiency worsened over time for all large and medium
units, giving support to the argument that competitive and budgetary pressures did
not outweigh the inefficiencies of their increased autonomy. Comparisons between
enterprises under different state authorities suggest that efficiency differences may
be explained by competitive pressures and resource constraints as well as relative
levels of autonomy.

The organization of this paper is as follows. Section 2 presents the current
debate over the response of state-owned enterprises to economic reform, a debate
between the view that reform has made state enterprises much more efficient and
the view that the state enterprise is ultimately unreformable. Section 3 describes
the Chinese construction sector, and details the data set to be used in the
estimation. The production function approach and its estimates are described in
Section 4, and the last part in this section summarizes the results. The conclusion
is found in Section 5.

2. The response of state-owned units to reform

It is rarely disputed that Chinese economic reform has been successful in
promoting rapid economic growth. Experimentally introducing gradual institu-
tional changes that increased producer autonomy and stimulated individual incen-
tive, China adopted a dual-track strategy that maintained the old bureaucratically-
administrated system while fostering new market-based coordination on the mar-
gin. While enforcing political stability and the predominance of the Chinese
Communist Party, the reform strategy also tolerated new enterprise forms that
undermined the state’s virtual monopoly over industrial production. The open-door
policy has encouraged foreign trade and investment, and foreign ownership has
emerged along with domestic private ownership as the fastest growing sector of
the economy.

*‘Crossing the river by feeling the stones,”” to use the Chinese aphorism, has
allowed China to move towards a more market-oriented economy without the
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economic disruption that often accompanies such transition. What is not so clear is
whether the core of the old system, the state-owned enterprise, will be able to
successfully make the transition along with the rest of the economy. State-owned
enterprises now produce less than half of China’s industrial output, down from
almost four-fifths prior to reform, and the real growth of their industrial output has
stagnated. Recent official reports claim that at least half of state enterprises are
losing money, a quarter of the state workforce is surplus, and the subsidies that
support these firms are the leading cause of China’s increasing inflation.

One perspective on this question, well described in Jefferson and Rawski
(1994), acknowledges that many state-owned enterprises have had problems
making the transition to markets from the planned economy, but argues that state
enterprises have responded to reform by becoming significantly more productive.
One initial study found staggering annual growth rates in multifactor productivity
for state-owned industry between 1978 and 1985, ranging from 4.8% to 5.9%
compared to a range of 1.9-2.8% between 1953 and 1978 (Chen et al., 1988).
Other studies have also found significant (if less impressive) rates of efficiency
improvements in Chinese industry. ' To the extent that share has been lost,
according to this view, it has been lost to enterprises that are still essentially
“*socialist’” in ownership, rural and urban collective enterprises best seen as a new
form of state enterprise without the social overhead of the old firms. Competition
with these new firms has also been responsible for the loss of profits, as the state
monopoly over industry has been dismantled and competition has increased in the
profitable sectors (Naughton, 1992).

An alternative view is much more skeptical of the possibility of transforming
the state-owned enterprise into a more efficient and market-oriented firm, begin-
ning with Kornai’s (Kornai, 1990, p. 62) observation that ‘‘the manager of the
state-owned firm is not an entrepreneur,”” and will never wisely shepherd the
state’s funds. Successful reform is ultimately an ownership question, in this view,
and granting autonomy to the state firm will only allow it to act more inefficiently
than it did under the state’s firm hand. Wages will rise much faster than
productivity in the absence of constraint, as managers try to keep peace among
workers. The enterprise will tend to invest excessively and nonproductively. State
firms will continue to rely on the state’s largesse, and will ‘‘choose to lose,”” as
Sicular (1994) expressed it, since the state cannot allow them to go bankrupt and
will forgive their debts or subsidize their expenses.

Woo et al. (1993) have even questioned the validity of studies estimating rapid
productivity growth for state firms, suggesting that one major study overdeflated
material inputs, leading to a falling ‘‘implicit value-added deflator’’; instead, they

! Jefferson et al. (1992) estimated multifactor productivity growth rates of 3% for state industrial
enterprises after 1984, while Jefferson (1990) estimated an annual rate of 2.5% for the iron and steel
industry during reform. Similar estimates have come from Lau and Brada (1990). among others.
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conclude that productivity growth was negligible from 1984 to 1988, while
excessive worker compensation eroded the state firm’s bottom line. State enter-
prise losses are an inevitable result of attempting to marry markets with socialism,
in this latter view, rather than simply the outcome of competitive pressures. If, on
the other hand, state enterprises are becoming more efficient under reform, then
losses are not inevitable in the long-run if the enterprises are able to shed the
costly social service responsibilities which put them at a competitive disadvantage.

Most studies of Chinese state enterprise efficiency have focused on state firms
as a single pool, using either aggregate data or grouping a sample of state firms
together. Not all state firms are alike, however. Wood (1993) argues that competi-
tion has eroded the share of the smallest state firms, leaving medium and
large-sized enterprises with their share intact. If competitive pressure is the
primary reason that state enterprise profits have eroded, and if smaller state firms
are more likely to compete with non-state firms, then it follows that the smaller the
enterprise, the greater the degree of profit erosion. However, if firms are more
concerned with budgetary pressure, then state firms with less bargaining power
(presumably the smaller ones) might be less likely to make losses since compen-
sating subsidies may not be available.

Efficiency studies have usually focused on multifactor productivity growth.
Multifactor productivity growth, which captures both technological progress and
improvements in average technical efficiency, may be an indicator of competitive
pressures. If smaller state firms are more productive, or are improving productivity
more rapidly, then this may support the hypothesis of competitive pressures on
smaller firms. Smaller state firms may also be more entrepreneurial ‘‘gap fillers,””
while the larger state firms may be mired in their past (and present) reliance on the
bureaucratic coordination of the plan.

Producing efficiently, however, also implies that the cost-minimizing combina-
tion of inputs be chosen, that factors be used at the level which equates their price
with the value of their marginal products. Evidence of improving input price
efficiency might better capture the incentive effects of competition. If larger firms
are less price efficient than smaller firms, then it is possible that a lack of either
competitive or budgetary pressures is responsible. Furthermore, larger firms may
be better able to get access to goods in shortage, or get them at more favorable
prices. If they face a softer budget constraint, the composition of investment for
larger firms is more likely to be skewed toward less productive purposes.

State-owned enterprises also differ by parent organization. Since the **Walking
on Two Legs’” decentralization of the late 1950s, many state enterprises are under
the authority of the provincial governments rather than the national ministries of
the State Council. Provincial-authority enterprises are more likely to be operating
under decentralized arrangements, less likely to be producing under the plan, more
likely to sell on markets or negotiated contracts, and more likely to face competi-
tion. Provincial-authority enterprises in the coastal provinces are also more likely
to face competition from foreign or joint venture enterprises, and the booming
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economy of the coastal areas has increased opportunities for both state and
non-state firms, encouraging both competition and innovation. Interior provinces,
by contrast, are more likely to face shortfalls in their access to inputs, particularly
if these inputs are administratively priced below market-clearing.

The debate between the argument that reform is working for the state enter-
prise, and the argument that reform has only allowed state enterprises to become
less efficient, is central to the design of policies towards reforming the Chinese
state sector. The following study addresses this debate by analyzing a sample of
state-owned construction enterprises for 1985-1991, a period following the second
wave of reform. This sample contains data for all individual large and medium
enterprises for four separate years, and it is divided by both size and authority on
the presumption that not all of these firms are alike, and that differences between
these firms may shed light on the debate about the response of state enterprises to
reform. If price efficiency and multifactor productivity are both improving, then
the state firm’s response to reform is unambiguous; the combination of autonomy
and competitive pressures under reform is working for the state firm. If smaller
firms and those in coastal areas are improving efficiency more rapidly, then
competition’s effect is clear. If firms still operating under the plan are responding
more to reform, however, then autonomy may be responsible for worse perfor-
mance.

3. The Chinese construction sector

The debate over Chinese state-owned enterprises has focused thus far on
industrial production. This paper examines instead the Chinese construction sector,
in which output is relatively homogeneous, material inputs are less likely to be
double-counted (i.e., construction inputs are not likely to be output from another
construction enterprise), and activity is frenetic.

Since Chao’s (Chao, 1968) landmark work, few studies of the Chinese con-
struction sector exist despite the availability of consistent published data since
1985 (see CSSB). In one study using a generalized cost function approach, Parker
(1995) examined provincial-level aggregate data for state-owned construction
enterprises from 1985 to 1991. Growth in multifactor productivity, which was
estimated at an annual rate of 1.6% initially, was found to be slowing signifi-
cantly; there was no consistent evidence that state firms were improving their
input price efficiency, nor were firms converging in any other way. In an earlier
study of aggregate data for the period from 1985 to 1988, Parker (1994) also
argued that state-owned construction enterprises were not less productive than
urban collectives nor in danger of becoming so, though state enterprises continued
to invest excessively.

Testing the impact of scale on efficiency requires firm-level data, and so this
paper uses a new data set. This data set contains observations for all large and
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Table |
Chinese construction output (1985-91)
1985 1987 1989 1991

GVCO (million RMB) 165,600 243,100 283,400 362,900
GVCO by construction units (million RMB) 98,510 160,361 216,948 228,478
Share of GVCO 59.5% 66.0% 76.6% 63.0%
State-owned units 47451 66.011 87,857 106,248
Urban collective units 20,059 29.254 40,441 50,185
Rural teams 31.000 65.096 88,650 72,045
Staff and workers per construction unit 181 212 221 244
State-owned units 1.704 1,632 1,565 1,378
Urban collective units 431 413 425 457
Rural teams 96 112 115 122
Real GVCO per emplovee 5.790 7,392 8,501 7.686
State-owned units 8,228 9.119 9.932 9976
Urban collective units 5.991 6.155 7.204 7.178
Rural units 3.927 6.740 8,015 5.961

medium-sized state owned construction enterprises, for each alternating year
between 1985 and 1991, instead of provincial-level aggregates which disguise the
effects of scale. This data set also includes a large number of enterprises under
national rather than provincial authority, and so any ‘‘ownership’” effect can be
distinguished. The estimation approach of this paper. which is more appropriate to
this particular data set. is a straightforward production function. * In addition to
testing the consistency of the above results, this paper focuses on testing hypothe-
ses about the impact of competition and autonomy on firm performance.

3.1. The relative performance of large and medium state units

During 1991, construction in China accounted for 5.0% of GNP, and 8.2% of
total social (gross value) output. For the four years covered by this study (1985,
1987, 1989, and 1991). Table | shows the division of gross value of construction
output (GVCO). Not all construction output is produced by construction units,
which are independent accounting enterprises; many industrial enterprises produce
their own construction output. This non-unit construction accounted for 37% of
construction output in 1991. GVCO from state-owned construction units made up
only 29% of total construction output, but 47% of output by construction units, a
share that has held steady since 1985. These state units were generally much larger

- A direct production function requires deflated output and inputs. while the generalized cost
function approach depends on good estimates of tirm-level input prices, estimates which are not
available.
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Table 2
State-owned construction in 1991 by size of construction unit

All Large Medium Small

1991 GVCO (million RMB) 106,248 66.072 13.769 26,407
Number of units 4,638 587 357 3.694
Average per unit (thousands RMB)
Gross value of construction output 22,908 112,559 38.569 7.149
Net value of construction output 7,048 35.829 12,025 1.994
Staff and workers (thousands) 1.378 6.630 2.325 0.452
Net value of fixed assets 9.154 47.807 16,787 2,274
Equipment share of fixed assets 52.1% 52.7% 47.9% 53.3%
Profit rate 2.2% 1.2% 1.6% 5.1%
Annualized real growth rates (1985-91)
Number of units S5.4% 3.0% 6.8% 5.7%
Average gross value cons. output —1.1% 1.4% 0.5% —2.8%
Average net value cons. output 1.2% 3.3% 2.9% —0.0%
Average staff and workers —-3.5% - 1.2% — 1.0% —-52%
Average net value fixed assets 1.7% 3.7% 8.6% —1.3%
Average net value of equipment —0.5% 2.5% 6.3% —6.0%
Average profit - 16.4% —24.7% —19.0% 1.4%

than other construction units, the urban collective units and rural teams that
sometimes compete and occasionally subcontract with them. State units also
produced more per employee, and this productivity appears to have kept pace with
that of urban collectives. Rural teams, however, have been increasing labor
productivity at a rate almost twice that of state-owned units. *

Not all state-owned construction units are identical, as can be seen from a
breakdown of them in 1991 by size in Table 2, and a breakdown of large and
medium units by authority in Table 3. * These two tables show not only GVCO
for the average enterprise and the average deflated growth rate since 1985, but also
average quantities and growth rates for the net value of construction output, total
staff and workers, the net value of fixed assets, the net value of capital equipment,
and profit. The number of state units grew significantly, and the average unit
produced less gross output and more net output with fewer workers and more
capital. While average deflated fixed assets increased, however, the capital equip-
ment share of fixed assets fell. The average unit was much less profitable by 1991.

* Since state-owned enterprises tend to have more capital per worker and easier access to material
inputs, it is not surprising that output per worker is significantly higher than in urban collectives or
rural teams. It is difficult to determine whether rural teams are really catching up in etficiency to state
units. or even surpassing them. since no capital stock data is currently available for them.

* Large units are defined as those with over 3000 employees. while small units are those with less
than 1000 (EID. 1993).
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Table 3
Large and medium state construction in 1991 by authority

All Coastal Interior National

province province ministry

1991 GVCO (million RMB) 79,842 29.825 13.099 36,918
Number of units 944 375 250 319
Average per unit (thousands RMB)
Gross value of construction output 84,578 79,534 52,396 115,729
Net value of construction output 26,827 22,762 17.883 38,615
Staff and workers (thousands) 5.002 4.126 3914 6.883
Net value of fixed assets 36.076 21,511 17,120 68,053
Equipment share of fixed assets 51.9% 51.7% 48.3% 52.6%
Profit rate 1.3% 1.0% 0.0% 1.9%
Annualized real growth rates (1985~ 91)
Number of units 4.3% 3.0% 2.6% 7.6%
Average gross value cons. output 0.5% 0.8% 0.1% —0.9%
Average net value cons. output 2.5% 2.9% 29% 0.5%
Average staff and workers —1.9% —-0.9% —0.6% —4.6%
Average net value fixed assets 3.6% 3.0% 32% 1.6%
Average net value of equipment 2.2% 1.9% 3.5% —0.2%
Average profit ~24.3% —25.8% ~57.0% —22.0%

Large state enterprises saw their profits fall more than other units, while small
units actually increased profits. Average gross output, together with average
employment and fixed assets, fell more for small enterprises than other units.

State-owned construction units fall under the authority of either the national
ministries, subject to the State Council, or individual provinces. Provinces are
categorized as either coastal or interior in order to capture the potential effects of
China’s opening to the West. ° National ministry enterprises were significantly
larger in 1991 on average, had much more capital and a higher share of productive
equipment, were growing in numbers, and were more profitable. Units in the
interior provinces were not profitable on average, yet their investment in capital
(and especially equipment) was growing faster than average.

In real terms, total GVCO by large units grew by 4.4% per year, while that of
medium units grew by 7.3% and small by 2.9%. The number of medium-sized
units increased most rapidly, perhaps implying that small units were growing out
of their category, but the number of small units was also increasing rapidly. For
units in coastal provinces, interior provinces, and national ministries, the annual
GVCO growth rates are 3.8%, 2.7%, and 5.5% respectively. These growth rates,

5Following Parker (1995), interior provinces include Inner Mongolia, Jiangxi. Henan, Hubei,
Hunan, Guangxi. Sichuan, Guizhou, Xizang (Tibet). Shaanxi. Gansu. Qinghai. Ningxia, and Xinjiang.
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as well as the entry rates, appear to be correlated with average profit rates. This
suggests that profits encourage entry, but it is more difficult to determine whether
entry decreases profits.

If competition with other units is affecting the state-owned construction unit,
then pressure on profits should improve efficiency as enterprises look for more
efficient combinations of inputs and focus more on productivity. Small enterprises
appear to be doing a better job of economizing on labor, capital, and material
inputs (roughly, the difference between gross and net value of output), and this
may be why their profits are not falling. But it is difficult to tell whether scale or
authority has any effect on production efficiency by simply looking at the raw
data. The performance of small units may reflect the phenomenon of new entry.
Are medium-sized enterprises becoming more efficient than large ones? Are units
in the coastal provinces more subject to competitive pressures? Are ministry
enterprises, which are more likely to be operating in the planned economy and
have access to the state’s deep pockets, less responsive to the pressures of
competition? To begin answering these questions, I will use a production function
approach to analyze the data for large and medium state units.

3.2. A description of the data used

Selected data for large and medium state-owned construction enterprises are
published in the biannual Zhongguo Jianzhuye Tongji Ziliao (see CSSB). This
data includes gross value of construction output (GVCO), net value of construction
output (NVCO), original value of fixed assets (OVFA), net value of fixed assets
(NVFA), net value of capital equipment (NVKE), year-end number of staff and
workers (L), and profit rates (w/GVCO). This data may allow estimation of a
production function, but there are no observational-level data published for wage
rates and deflators. Of the 3346 reported observations for all four years (1985,
1987, 1989, and 1991), approximately 1.2% of reported observations are excluded
due to missing or inconsistent data.

In estimating a generalized cost function for aggregate data, Parker (1995) used
reported statistics to calculate provincial-level output, capital, labor, and materials
price indices for the 1985 to 1991 period. The output and material price deflators
account for intertemporal but not interprovincial differences. Qutput Q is assumed
to be equal to GVCO divided by output deflator P. Material inputs M are
calculated as the difference between GVCO and NVCO, less estimated deprecia-
tion, deflated by the material price deflator W,,. In China, output’s net value
equals value-added plus official depreciation (Jefferson et al., 1994, footnote 1),
and depreciation is calculated as the official depreciation rate times NVFA. The
resulting ‘‘value-added deflator’” (Woo et al.. 1994) implicit in the relative
input—output price ratio is consistent, at least for this data set, with rising prices
for capital and labor of a magnitude equal to the GVCO inflation rate.

Total capital is defined as deflated NVFA, where the deflator accounts for the
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cumulative effects of changing investment prices over time. Capital is divided into
equipment K and other fixed assets H (consisting largely of housing and other
buildings). K is defined as deflated NVKE, and H is defined as the deflated
difference between NVFA and NVKE. To calculate the enterprise’s wage rate W,,
I assume that its labor cost share of NVCO less profit is equal to that of the
province overall. Capital’s cost is assumed to be equal to total cost less labor and
material costs, where total cost equals GVCO less profit, and the ‘‘return’” or
price for capital W, is assumed to be equal for both equipment and other fixed
assets, so Wy =W,, = (PQ — 7~ W, L— W, M)/(K+ H). Profit is not included
as part of the cost of capital, since this assumption not only presumes constant
returns to scale, it also falsely presumes capital to be the residual claimant.

4. Estimating efficiency in production

In this section, a production function is defined and estimated in order to
determine whether large and medium state-owned construction units became more
efficient between 1985 and 1991. Returns to scale hypotheses are examined, in
order to test whether efficiency was affected by scale. To test hypotheses of
efficiency changes as a result of firm autonomy and competition, indices of scale
efficiency, multifactor productivity, and input price efficiency are estimated and
examined.

4.1. Estimating a production function

The production function is assumed to be a translog function of continuous
inputs, together with discrete variables for time and authority. Dummy variables
for province and ministry are also included in the intercept. This function is:
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where V=[K, H, L, M] is a vector of deflated physical inputs (capital equip-
ment, other fixed assets, labor, and materials), T is a time variable (the year minus
1985), I is a dummy variable for interior province authority, N is a dummy
variable for national ministry authority, and each separate province and ministry
has a dummy variable D. Symmetry requires that §,,= B, for all k and j.






