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Abstract

The profitability of China’s state owned enterprises (SOEs) sharply increased following the
enactment of reforms in the mid-1990s. Rapid growth in profitability could indicate that SOEs
restructured; however, it might also indicate that the state used its standard tools including
product market protections, input subsidies and financial bailouts for its SOEs that in fact
enable SOEs to avoid restructuring (Kornai, 1990; and 1992, Part III). This paper shows that
SOE profitability grew for two reasons. First, the elasticity of substitution between capital and
labor in 136 3-digit Chinese manufacturing sectors is generally estimated at above unity: thus,
as the cost of capital for SOEs fell, the capital-intensity and profitability of SOEs dramatically
increased. Second, our estimates show that over time SOEs were under less political pressure
to hire excess labor. While the productivity of SOEs improved due to the policy of "grasping"
the big ones and "letting go" of the small ones, it still lagged foreign and private firms. Overall,
our results indicate that SOE restructuring was limited.
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1 Introduction

When China had a planned economy, state owned enterprises (SOEs) were pervasive and provided
job security and stable wages and were popularly known as the "iron rice bowl." Naughton (1995,
p.44) notes that most workers in SOEs "not only stayed in a single enterprise for life: they could
often pass their jobs on to their children when they retired." It was legally and practically impossible
for SOEs "to fire workers, and quits were almost unknown." SOE managers were expected to
produce outputs in order to fulfill planned targets; and, they were also under pressure to sustain
the iron rice bowl.

Following the enactment of market reforms in 1978, SOE managers were allowed to sell outputs
at market prices and keep a share of the profits once they had fulfilled targets negotiated with
their superiors in the bureaucracy.! SOE managers were also give some more power to hire and fire
workers. Nevertheless, by 1989 labor turnover in SOEs remained very low and only 0.5% of state
workers were either fired, quit or were on contacts that were not renewed (Naughton, 1995, p.212).

Several influential studies document that the SOEs were productive and profitable during the
1980s (Groves et al, 1995; Jefferson et al, 1996; Li, 1997). However, by the early 1990s SOEs had
become unprofitable and were draining local government budgets. Thus, in 1992 the "iron rice
bowl" was criticized in the official press and there were massive layoffs of SOE workers starting in
the mid-1990s. The Company Law of July 1994 was designed to improve SOE performance and
contained a set of reforms for "corporatizing" SOEs. Following the Fourteenth Party Congress
in 1995, large and medium sized SOEs were corporatized, and small SOEs were privatized or
shutdown, and this basic strategy of "grasping the big" SOEs and "letting go of the small" ones
has subsequently remained in force.?

The Chinese Annual Surveys of Industrial Production (ASIP) provides a rich description of
SOEs as well as private, foreign and hybrid firms (for herein, denoted hybrids) in the manufacturing
sector during 1998-2007. Evidence from the ASIP indicates that there was a massive shakeout
where roughly two-thirds of the operating manufacturing SOEs in 1998 were either privatized or

shut down as of 2007 and employment in SOEs fell by 62.5% between 1998 and 2007. Using the

'This overview of reforms draws on Gordon and Li (1991), Groves et al (1994, 1995), Jefferson et al (1996), Li
(1997), Liu and Zhao (2011) and Putterman and Dong (2000).

*For an oveview of these reforms, see Chen et al (2006), Deng et al (2011), Fan et al (2011), Hsich and Song
(2015), Kato and Long (2002), Liao et al (2013) and Sun and Tong (2003).



ASIP data, Figure 1 illustrates that SOE profitability® rapidly grew from 2.8% to 21.6% during
1998-2007. While aggregate profitability in SOEs lagged all other firms by roughly 13% in 1998,
SOE profitability was marginally higher than in all other firms as of 2007.

Figure 1 is also useful for comparing the profitability of SOEs with the subset of SOEs that
were in operation throughout 1998-2007 and operated as SOEs for at least one year during 1998-
2007. We denote this subset of SOEs the "SOEs-balanced sample." In any year the SOEs-balanced
sample excludes SOEs that subsequently exited before 2007, and excludes SOEs that entered after
1998. Thus, reformers might select the SOEs-balanced sample for treatment because on average
they were subject to a higher dosage of reform than entire sample of SOEs. Figure 1 illustrates
that while the SOEs-balanced sample exhibit higher profitability than the entire sample of SOEs,
both SOE groups exhibit a qualitatively similar growth in profitability throughout 1998-2007.

Does the rapid growth in SOE profitability indicate that SOEs restructured? While profitability
growth can indicate that SOEs restructured, it could also indicate that the state used its standard
tools including product market protections, input subsidies and financial bailouts for SOEs that
enables SOEs to avoid restructuring (Kornai, 1990; and 1992, Part III).

In order to evaluate the performance of China’s SOEs, this paper develops a theory of SOE
profitability and also measures SOE productivity. Regarding profitability, it is often the case that
the state in China (and around the world) puts political pressure on its SOEs to pursue non-
economic objectives such as hiring excess labor. In this vein, Azmat, Manning, and Van Reenen
(2012) build a model in which SOEs have an objective function including profits and the political
benefits of excess employment. The Azmat et al model makes predictions about the impact of
product market competition and political pressure on SOEs to hire excess labor. We extend this
model and find that an SOE’s profitability increases when it has more product market power and
when it is under less political pressure to hire excess labor.

Another issue related to SOE profitability is that the Chinese state can enable its SOEs to
obtain capital goods more easily and cheaply than private firms (see Tsai, 2002; Firth, Lin, Liu
and Wong, 2009). There is a well known theoretical link between the cost of capital relative to
labor, the elasticity of substitution between capital and labor, and labor’s share (see, for example,

Karabarbounis and Neiman, 2014). We explore the theoretical link between cost of capital, the

3Profitability is profits as a share of value added. Throughout this paper profitability and profit shares are
Synonymous.



elasticity of substitution and profitability for SOEs that are under political pressure to hire excess
labor. When the cost of capital relative to labor is falling, then an SOE will increase the capital
intensity of its production processes. We show that this increase in capital intensity causes an
SOE’s profitability to increase (decrease) when the elasticity of substitution between capital and
labor exceeds (is less than) unity, and has no impact when the elasticity of substitution is unity.

Using this theoretical framework to guide our empirical work, we find that the profitability of
SOEs rapidly grew for two reasons. First, we estimate the elasticity of substitution between capital
and labor in 136 3-digit manufacturing sectors and find that in general it is greater than unity:
thus, as cost of capital for SOEs fell, SOEs dramatically increased their capital-intensity. Second,
we estimate the political pressures for SOEs to hire excess labor and find that it fell from 54.8% of
a unit of profits in 1998 to 26.9% in 2007. These results indicate that SOEs’ access to increasingly
cheap capital inputs and the declining political pressure on SOEs to hire excess labor drove the
rapid growth in SOE profitability.

In order to directly measure whether SOEs restructured, we measure firm-level productivity
using a standard method.* Syverson (2011, p.327) argues that productivity is a critical indicator of
a firm’s long term prospects in a market economy simply because "higher productivity producers
are more likely to survive than their less efficient industry competitors." (p.327) We find the pro-
ductivity of most SOEs was lower than the productivity of firms in the private and foreign sectors.
An exception to this finding is SOEs that have strong connections to the federal government were
as productive as foreign and private firms. However, these centrally connected SOEs accounted
for only 19% of output 1998 and 26% of output as of 2007. Thus, our results indicate that SOE
restructuring overall was limited.

Our finding that SOEs were profitable because they had access to cheap capital and not because
they were productive is related to the findings in Song, Storesletten and Zilibotti (2011) that China’s
SOEs are relatively unproductive but survive because they have preferential access to cheap loans
from state banks for financing investment. Our finding that political pressure on SOEs to hire excess
labor fell during 1998-2007 is related to the finding in Hsieh and Song (2015) that labor distortions

between private firms and corporatized firms had largely disappeared by 2007. Moreover, similar to

‘In our theory, profitability is not a function of productivity because profits (the numerator of profitability) and
value added (the denominator of profitability) are both homogenous of degreee one in productivity. Thus, we must
consider productively separately from profitability.



Hsieh and Song (2015), we find the policy of "grasping the big" SOEs while "letting go of the small"
SOEs boosted the productivity of SOEs. However, in contrast to Hsieh and Song (2015) we find
that in general the productivity of SOEs that operated throughout 1998-2007 lagged productivity
levels in private and foreign firms.

Our paper contributes to the debate about the effectiveness of corporatizing SOEs without
privatizing them. Shleifer and Vishny (1994) warn that this policy is problematic for two reasons:
first, politicians, who have political objectives that differ from economic efficiency, control the
SOEs and, secondly, insiders can use the SOEs for their own personal gain. Our finding that SOEs
did not exhibit robust productivity gains is consistent with the Shleifer and Vishny prediction
that corporatization without privatization can generate inefficiencies. Qian (1996) warns that the
corporatization without privatization might encourage SOE insiders to preserve their rents by
choosing diffuse outside investors and weak corporate boards. In fact there is evidence that this
is the case. Fan, Morck and Yeung’s (2011, p.4-8) survey documents how the Chinese Communist
Party has used organizational and financial schemes to keep control over the corporate boards in
SOEs. Deng, Morck, Yu and Yeung (2011) argue that Communist Party secretaries can ignore
or overrule boards and CEOs. An additional discussion of corporate governance within SOEs is
contained in the conclusion.

The rest of this paper is organized as follows. The next section describes the data; section 3
builds a model that make predictions about how political pressure to hire excess labor, product
market competition, the elasticity of substitution between capital and labor and capital-intensity
determine an SOE’s profitability; section 4 discusses how the CES production function used in the
profitability model is estimated; section 5 provides an overview of how the profitability model is
estimated and assesses its goodness of fit; section 6 reports the productivity growth of SOEs relative

to private and foreign firms and section 7 concludes.

2 Overview of Data

We use the data from the Chinese Annual Surveys of Industrial Production (ASIP), which covers

all SOEs and all non-state enterprises with total sales exceeding 5 million RMB in the industrial



sector (including manufacturing, mining and utilities) during 1998-2007.> The analysis is limited
to manufacturing firms.5 We follow Brandt, Van Biesebroeck and Zhang (2012) and use a firm’s
registration type to determine its ownership which can include: state owned enterprises (SOEs),
domestically owned firms (private firms), private foreign firms (foreign firms), and hybrid firms.
When the ownership structure is unavailable, we use a firm’s major contributor to paid-in capital
to determine its ownership type.

In subsequent analysis we also account for SOEs that have exceptionally strong political connec-
tions with the central government and may thus behave differently. In 2003, there were 196 SOEs
directly supervised by the State-owned Assets Supervision and Administration Commission of the
State Council (SASAC) that are denoted "central SOEs." Over time, central SOEs have also gone
through mergers and consolidations: and, as of 2014 there were 113 central SOEs.” Central SOEs
are all big conglomerates and each owns many second-tier and third-tier SOEs.® They also have
subsidiaries listed in the Shanghai Stock Exchange or in the Shenzhen Stock Exchange, or even
listed in the Hong Kong Stock Exchange. Within these central SOEs there are 53 SOEs located at
even a higher political position that are denoted "top central SOEs."? The chief executives of top
central SOEs are often directly appointed by the Central Organization Department of the Chinese
Communist Party, and these SOE leaders have the political rank of vice minister.

It is not possible to directly identify top central SOEs in the data set: this is because the ASIP
records firms according to legal entity and a top central SOE may own many such legal entities
around the country and each of them will have an independent firm code. Thus, we identify a top
central SOE as a firm in any year that employs more than 10,000 workers and has gross output
volume exceeding one billion RMB, and is registered as an SOE. This is a conservative measure
since many third-tier and even second-tier SOEs that are in this group may be excluded. However,

this measure is consistent with the fact that top central SOEs are large and have a major impact

5 As noted by Cai and Liu (2009), this dataset should be reliable because it is designed for computing Chinese
GDP. The National Bureau of Statistics of China (NBS) oversees this data and has implemented standard data mon-
itoring procedures and has strict double checking procedures for firms above the 5 million RMB reporting threshold.
Moreover, firms do not have clear incentives to misreport their information because such information cannot be used
against them by other government agencies such as the tax authorities.

SWe follow Brandt et al (2012) and use each firm’s ID, name, industry, address and other information to track
it over time. We do this becuase one sixth of all firms that are observed for more than one year have change their
official ID over the sample period.

"Those names of these central SOEs can be found on the website: http://www.sasac.gov.cn/

8 A second-tier SOE is a subsidiary of the subidiary to the parent company. A third-tier SOE is a subsidary of the
second-tier SOE.

9See U.S. Chamber of Commerce (2012), p.60, footnote 192.



on the local economies.

Table 1 describes ownership transitions of SOEs between the period 1998-2002 and 2003-2007.
The top row highlights the importance of net exits during 1998-2002 for the evolution of SOEs
between these two periods. Of the 41,778 SOEs in operation in 1998-2002, more than half (24,417)
were net exiters. Of the 17,361 SOEs remaining in operation after 1998-2002, one-fifth (3,572)
were privatized and 6% (1,033) became either foreign or hybrid firms. Thus, out of the 41,778
SOEs in operation in 1998-2002, about 31% (12,756) were "SOE-continuers." The first column in
Table 1 underscores the primary importance of the "SOE-continuers" and the secondary relevance
of net entry during 2003-2007 for the evolution of SOEs. Out of the 20,008 SOEs in operation
in 2003-2007, 64% (12,756) were "SOE-continuers" and 32.5% (6,483) were net entrants, and only
2.5% were private, foreign and hybrid firms during 1998-2002.

Table 2 contains summary statistics for our sample of firms aggregated by ownership.'? In this
table and in several subsequent tables and figures, for ease of exposition, the hybrid firm category
is excluded because they constitute a small share of output, value added and employment. The top
panel (Table 2.1) describes the entire data set and shows the overall number of firms expands from
119,190 in 1998 to 270,351 in 2007.'" Underlying this expansion was an almost eleven-fold increase
in the number of private firms and a roughly two-and-a-half fold increase in foreign firms that was
offset by a roughly two-thirds decline in the number of SOEs. During this period SOEs became
relatively less important than private and foreign firms: the output share of SOEs fell from 37.5%
to 16%, while the overall output share of private and foreign firms increased from 36.5% to 79%.

As previously argued, China’s SOEs traditionally have been an important source of jobs. It is
thus striking that overall employment in SOEs during 1998-2007 fell by 62.5%, while employment
within private and foreign firms grew by 635% and almost 200%, respectively. It is also striking that
SOEs increased the capital intensity of their production processes more aggressively than private
and foreign firms. During 1998-2007, the aggregate capital-labor ratio grew by 48%; however, the
151% growth within SOEs was much more rapid than the 86% growth within private firms and the

negligible (3%) growth within foreign firms. While the capital-labor ratio for SOEs in 1998 was

10We keep a firm-year observations if all the data for gross output, intermediate inputs, real capital, employees,
and labor shares (wage divided by value added) are available. To eliminate outliers, we drop the firms in the bottom
and the top 0.25% of the distribution of values for labor shares and capital-labor ratios and in the bottom and the
top 0.1% of the distribution of values for intermediate input spending divided by gross output. As a result, we have
1,704,355 observations, which is an unbalanced panel of 457,591 firms over ten years (1998 to 2007).

1See Appendix Table A.1 for summary statistics for the top central SOEs and the other SOEs.



0.089 and comparable to the foreign firms (0.099) and higher than private firms (0.048), by 2007
the SOEs’ aggregate capital-labor ratio of 0.224 was roughly 2.5 times and 2.2 times higher than
in the private and foreign sectors.

There are two other noteworthy patterns for labor and wages. First, the overall real wage in
manufacturing grew by 162%, and these gains were most pronounced within SOEs (224.5%), then
within private firms (140%) and, lastly, within foreign firms (116%). State-sector real wages in
1998 were close to private-sector real wages and roughly one-third lower than foreign-sector wages.
By 2007, state-sector wages were roughly equivalent to foreign-sector wages and almost 50% higher
than private-sector wages. Second, labor’s share of value added fell by 8 percentage points, and,
this change was most pronounced for SOEs (a 14 percentage point decline), and then private firms
(a 6.7 percentage point drop) and negligible within the foreign sector. Thus, labor’s share within
SOEs fell because the declining rate of employment exceeded the increasing rate of wage growth.
A potential reason for this sharp decline of employment is that SOEs drastically released labor and
replaced it with capital.

Table 2.1 also reports aggregate profits/value added (profitability) and the share of profitable
firms by ownership category. During 1998-2007, profitability increased by 11.4 percentage points;
and, this gain was most pronounced for SOEs (an 18.9 percentage point increase) and then foreign
firms (an 8.7 percentage point increase) and negligible within private firms (a 2.3 percentage point
increase). In order to deal with potential selection bias, the bottom panel (Table 2.2) reports the
same descriptive statistics for the balanced sample of firms. According to Table 2.2, aggregate
profitability in the balanced panel increased by 9.3 percentage points: and, again, this increase was
most pronounced within SOEs (14.9 percentage points).

In the next section we develop a theoretical model for understanding whether the observed
increase in SOE profit shares is indicative of restructuring. In order to check if the SOEs have

restructured, in a subsequent section we derive and analyze the productivity of SOEs.

3 Profitability: Theoretical Considerations

We consider an economy inhabited by firms that are differentiated by sectors, denoted s, and that

operate in various time periods, denoted t. A firm 4 in period ¢ has a sector-specific time-invariant



production function that converts augmented labor (Nj;),'? capital (K;;) and materials (M;;) into
output (Q;). Firms within a sector are differentiated in each period by its firm-specific productivity.
We use a flexible production function that allows for a constant elasticity of substitution between
labor and capital and a unitary (Cobb-Douglas) elasticity of substitution between materials and

factor inputs:

Qs0s

gs—1 ogs—1 Ts— _
Qi = wir |as(Na) 55+ (1= ay) (K) 55 | ™ (M) =0 (1)
In this specification, Q;; is real output for a firm ¢ at time ¢'3; wy; is firm-specific productivity; a,

is the sector-specific weight on labor versus capital in factor inputs (0 < as < 1)!4; o is the sector-
specific elasticity of substitution between capital and labor (0 < o4 < +00); a is the Cobb-Douglas
weight between the factor inputs (i.e., labor and capital) and intermediate inputs (0 < as < 1).
The production function exhibits constant returns to scale.'®

Input markets are competitive and a firm can hire its labor, capital and materials at input
prices that are denoted wjy, 14+, and Py, respectively. Product markets are imperfectly competitive

and each firm faces an inverse demand function:

1

pit = Bit(Qit) "t (2)

where 7,, denotes the price elasticity of demand: n,, > 1. In each period, private firms choose

inputs in order to maximize profits, which are denoted II;;:

IL;; = pitQit — wit Nig — 73t Kt — Dis M.

12 Augmented labor is the product of the head count of employees multiplied by the differences in human capital
across China’s four regions (the North, South, East and West as described in footnote 25). See Cheng, Morrow, and
Tacharoen (2013) for the regional differences in factor markets within China. Human capital is computed each year
as the average aggregate wage rate in each region divided by the national aggregate wage. Our empirical findings are
similar if we do not make this adjustment.

3Basu and Fernald (1995 and 1997) show that the structural parameters estimated from a value-added production
function could be biased if firms operate in imperfectly competitive product markets and there are non-constant
returns to scale. This paper will document that most Chinese manufacturing firms earn positive profits, which
indicates that they operate in imperfectly competitive product markets. This is one of the reasons why we prefer to
use an output-based production function.

14 A value of as close to 1 does not indicate that a firm in sector s always has a low capital-labor ratio. For example,
equation (7) in this section will show that a firm can be capital-intensive even if a, is close to one as long as the cost
of capital relative to labor is low and the elasticity of substitution between capital and labor greater than unity.

15See Appendix 3 for the empirical validation of the constant returns to scale assumption.



SOEs are also under political pressure to hire excess labor even if this entails foregoing profits.
To capture this regulatory environment, SOEs have a political benefit for hiring an additional
employee equal to (1 — 1/¢,)w;; where ¢, > 1 for SOEs and ¢, = 1 for private, hybrid and foreign
firms. Thus, the degree to which the state pressures SOEs to hire excess labor is increasing in ¢;,.
This setup is similar to Azmat et al (2012).16

Firms are assumed to choose labor, capital and materials in order to maximize the objective
function

1
Uit = I + (1 — ) wi Nyt s.t. VA >0 (3)

o

where V' A;; > 0 is a financial constraint, i.e., in any period a firm operates when it can generate at
least positive value added. We first solve for the case in which the financial constraint is non-binding
and subsequently show that it is always non-binding.

The first order conditions for maximizing the objective function in equation (3) with respect to

labor is:

MNit - @

aNit/Nit - pitQit‘

( 1 ) 0Qit/Qit  wit Ny
oH

The first order condition with respect to capital is:

<1 _ 1) 0Qit/Qit _ TiKit (5)

M) OKit/Kit  piuQit’

Because there are constant returns to scale in production and «y is the Cobb-Douglas weight

for factor inputs, then % = Qg — % and it is useful to simplify equation (5) to

e _ aQit/Qit} Ky
(1 77it> [as ONit/Nit | puQit’ (6)

Combining equations (4) and (5), the firm-level labor-capital ratio can be expressed as a function

of the sectoral production function parameters, firm-level costs and the political weight on labor:

Y6 There are several conceptual differences between our model and the Azmat et al (2012) model. First, we use an
output production function, while Azmat et al (2012) employ a value-added production function. Second, implicit in
the production function that Azmat et al (2012) use is the assumption of an elasticity of substitution between capital
and labor equal to unity, while our model allows this structural parameter to vary between zero and infinity.



K i as \ °
= —(cz»twitl_%) | )

Thus, when 0 < oy, the capital-labor ratio is decreasing in the political weight on labor (¢,),
decreasing in nominal cost of capital (r;), increasing in wage rate (wj ), and decreasing in the
weight on labor versus capital in factor inputs (as).

Many models assume that in well-functioning economies firms face uniform input prices because
there is some underlying law of one price.!” However, this would imply that there is no firm-level
variation in capital intensity within a sector. Thus, to be consistent with the observed firm-level
heterogeneity in capital intensity, our model allows factor prices to be non-uniform.

Finally, the first order condition for materials is:

(1 _ 1> 0Qit/Qir _ pitMit
Nit) OMit/Mir  piQit

Using the first order condition for materials in equation (8) and (0Qjt/Qit)/(OM;/My) = 1—aus,

it is straightforward to compute a firm’s markup, p;;:'®

1 _ pitQ(l _as)

L 2 , 9
/"L’Lt 1 o T]Ln pitMit ( )

Value added for a firm is its revenues minus materials costs. Thus, using the markup equation

(9), value added can be expressed as:

- 1—ag
VAt = pitQit — DitMir = pir Qi (1 T ) : (10)
it

Since 1 > 1 — % > 0, a firm always generates positive value added when @;; > 0. Therefore,

k3

the value added constraint in equation (3) is non-binding.

17"For example, the influential model in Hsieh and Klenow (2009) assumes that capital is allocated efficiently when
all firms face uniform factor prices. However, when firms within business groups or SOEs have access to cheaper
credits, this creates a distortion and a loss of efficiency for the economy.

18De Loecker and Warzynski (2012) obtain the markup by assuming that firms employ labor flexibly. Thus, they
use the output elasticity with respect to labor and labor’s share to calculate markups. In our model, SOEs are under
political pressure to hire labor and this limits their flexibility in labor markets. Thus, we follow the approach in Lu,
Tao and Yu (2012) and use intermediate inputs as the flexible production input. However, as we describe in our next
section, we can use the control function approach to allow for some distortions in the SOE’s input market.

10



Our goal is to derive an expression for profitability (profit shares of value added). Since II;; =

PitQit — Wit Nyy — 1t Ky — Dt My = V Ay — wir Ny — 134 Kyt a firm’s profit share is

e _ <witNit n TitKit> ' (11)

VAi VAyg = VA
A simple interpretation of equation (11) is that profitability equals one minus the total factor

share. Using the first order conditions in equations (4) and (6), the relationship between revenue

and value added in equation (10), a firm’s labor share is:

w;tNit _ Py [aQit/Qit:| (12)
VAit it — 1 + Qg 8N7,t/Nlt
and a firm’s capital share is:
Tk _ 1 [as B 8Qit/Qit] ' (13)
VAie  py—1+as ONit/Nit
Combining equations (11), (12) and (13), profitability is
Wy pp—1 =1 [aQit/Qit:| (14)
VA  py—1+as  py—14as |[ONyg/Ny
where the output elasticity of labor is
os—1 —1
0Qit/Q; 1- K\~
ta/ta — o, 1+ < as) ( [ ) ) (15)
aNit/Nit Qg Nz’t

We use the system of equations (14) and (15) for making predictions about the impact of
1y (markups), ¢, (political weight on excess employment) and K;;/N;; (capital intensity) on prof-
itability. In the Cobb-Douglas case (05 = 1), the output elasticity of labor is constant and capital
intensity has no effect on profitability. Thus, in general we study situations where o5 # 1 and
capital intensity (K;;/N;) impacts firm-level profitability exclusively through the firm’s output
elasticity of labor.

When ¢, = 1 and SOE is under no pressure to hire excess labor, the second term on the right

I, fry—1

hand side of equation (14) vanishes: 4 = e In this case profitability is increasing in

11



i and is unaffected by K /Ni;.

Next, consider the situation where an SOE is under political pressure to hire excess labor:
¢; > 1. By inspection of the second term on the right hand side of equation (14), profitability
increases as ¢, decreases. The impact of K;;/N; on profitability, however, depends on o, (the
elasticity of substitution between labor and capital). Profitability is increasing in K /N; when
os > 1 and decreasing in K;;/N;; when o, < 1. As already noted, when o, = 1, the output elasticity
of labor is constant. In the next section we will show that o, > 1 is the empirically relevant case.

Equation (7) indicates that an increase in w; or a decrease in r;, or a decrease in ¢, lowers
capital intensity (K;;/N;;) which, in turn, can influence profitability, as described above. Thus, a
decrease in the political pressure to hire excess labor (¢,) has a direct positive effect on profitability
and also an indirect positive effect through output elasticity of labor on profitability when o4 > 1.

Finally, firm-level productivity (w;;) does not enter into our system of equations (14) and (15).
This is because profits (the numerator of profitability) and value added (the denominator of prof-
itability) are both homogenous of degree one in productivity. Because productivity is a direct

measure of restructuring, we measure and analyze it later in this paper.

4 Estimating Production Functions

Understanding estimating the system of equations (14) and (15) enables us to understand the
role that markups, capital intensity and political pressure to hire excess labor play in shaping the
profitability of SOEs. If we can derive estimates for the structural parameters in each of 136 3-digit
sectoral production functions and use observed firm-level capital-labor ratios, we can estimate the
output elasticity of labor for each firm in equation (15). We can then use this estimated output
elasticity of labor along with estimates for markups, the political weight on hiring excess labor and
parameters from the sectoral production functions to estimate a predicted measure of time-varying
firm-level profitability using equation (14).

We do this in two stages. First, in this section the sectoral production function equation
(1) is estimated using the general method of moments (GMM) procedure similar to De Loecker
and Warzynski (2012). This first stage fully identifies the structural variables for each sectoral
production function (G5, &s, as) and it also enables us to estimate firm-level markups (fi;;). Once

we have obtained the estimates of these structural parameters, in a subsequent section we proceed
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to estimate the political pressure on SOEs to hire excess labor using a simple expression for labor’s
share of value added.

Traditional methods of estimating a constant elasticity of substitution (CES) production func-
tion include Kmenta (1967) and Chirinko, Fazzari and Meyer (2011). While the approach of Kmenta
(1967) uses the polynomial approximation of Taylor’s theorem, Chirinko et al (2011) use the first
order condition of the CES production function and estimate the long-run elasticity of substitution
between labor and capital. However, these influential and traditional methods are not suitable for
our purposes. For example, the Kmenta (1967) approach is to approximate the elasticity of substi-
tution around unity; however, this approach becomes increasingly inaccurate as the actual elasticity
of substitution between capital and labor diverges from one. The method of Chirinko et al (2011)
requires a long and stable (stationary) time series; however, 1998-2007 in China is relatively short
period that, as we have documented, has had major structural changes. Moreover, their method is
unable to identify all the production parameters that we need to estimate our system of equations
(14) and (15).

In this paper, we follow a recent approach proposed by De Loecker and Warzynski (2012)'? and
obtain the production function parameters (75, és, as) for the 136 3-digit sectors and the time-
varying firm-level markups (ji;,) using a GMM estimation procedure.?’ De Loecker and Warzynski
(2012) follow the tradition of estimating firm level production functions (i.e., Olley and Pakes,
1996; Levinsohn and Petrin, 2003; Ackerberg, Caves and Frazer, 2006). These papers concentrate
on overcoming the simultaneity bias that can occur when the firm observes productivity shocks
(wst) but the econometrician does not. These productivity shocks are thus problematic because
they can shape how a firm optimally chooses its flexible inputs.

The production function in equation (1) is estimated in two stages. In the first stage, the
second-order polynomial function of the three inputs is included. Because SOEs might have special
access in materials markets, an SOE dummy variable (D5°F) is included and interacted with the

the polynomial function. In this setup, materials are assumed to be the flexible input. The following

19Gee their online appendix for the application of their method to a CES production function.

20Gimilar estimates of the production function parameters and markups are obtained when we use two other
procedures: 1) the Translog production function and the Kmenta (1967) approximation with firm-fixed effects, and
2) simple non-linear least squares (NLS) with firm-fixed effects. These estimates are reported in Appendix sections
3.1 and 3.2.
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first stage equation is estimated:
In(Qi) = @ [In(Nit), In(Kit), In(Mir), D5°F] + e (16)

where the variables @;; and M;; are deflated with industry-level output and input deflators from
Brandt et al (2012).2

After the first stage equation is estimated, we obtain the fitted value of equation (16), d,, and
compute the corresponding value of productivity for any combination of parameters 2 = (as, 75,

as). This enables us to express the log of productivity In(w;(€2)) as

[ Gs—1 Gs—1

In |@s(Ni) o + (1 —as) (Ki) 55 | — (1 — @) In(My).  (17)

os— 1

In(@i(Q)) = &y —

By assuming a non-parametric first order Markov process, we can approximate the productivity

process with the third order polynomial:
In(@3t(2)) = 70 + 71 (@i1-1(2)) + 72 (@ie-1(D)]* + 73 (@31 () + G ().

From this third order polynomial, we can recover the innovation to productivity, ¢;,(€2), for a given
set of the parameters. Since the productivity term, In(w;(£2)), can be correlated with the current
choices of flexible inputs, In(/N;;) and In(M;;), but it is not correlated with the predetermined vari-

able, In(K;;), the innovation to productivity, (;;(£2), will not be correlated with In(K), In(N; 1),

218ee Appendix 1 for the development of consistent real capital stock data.
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and In(M;;—1). Thus, we use the moment condition similar to De Loecker and Warzynski (2012):22

In(K)
In(N;—1)
In(K;) In(Nig_1)
[In(Kir)]”
[n(Niz-1))?

ln(Mi’tfl)

and search for the optimal combination of &g, 65, and G by minimizing the sum of the moments
using the the weighting procedure proposed by Hansen (1982) for the plausible values of .23
Table 3 reports three parameters of equation (1) for each of 136 3-digit CIC industries estimated
from the moment condition in equation (18). On average the weight on factor inputs (&) is 0.185
and the weight on labor relative to capital (as) is 0.812. A surprising finding is that the elasticity of
substitution between labor and capital () on average is 1.467: the lowest value of this structural
parameter is 0.715 and the maximum value is 2.328. Moreover, the elasticity of substitution exceeds
unity for 94.1% of the sectors (128 out of 136 sectors). These findings are somewhat surprising
because in studies of the United Stated that use different estimation methods, the elasticity of
substitution was found to less than one (see Leén-Ledesma, McAdam and Willman, 2010; Chirinko

et al, 2011).

22The choice of the instrumental variables in the current moment condition is based on the discussion in De Loecker
and Warzynski (2012). Since our CES term can be approximated by the interaction terms and non-linear terms of log
labor and log capital (Kmenta, 1967), we use the six instrumental variables in order to identify the three parameters.
The moment condition is thus over-identified. As a robustness check, we also use just four instrumental variables,
i.e., log of lagged labor, log of capital, the interaction of log of lagged labor and log of capital, and log of lagged
material input. We find that our results are robust.

23We use the non-linear least square with firm-fixed effects procedure (NLS) to obtain the initial values of Q = (ds,
Gs, Gs). In the cases where NLS does not converge to the reasonable range of parameters for a 3-digit sector, we
then use the corresponding NLS results for the 2-digit sectors. Once we obtain these starting values, we search over
Q = (as, 0s, as) where as = {&s — 10k1, &s — 9K1, ..., as + 10k1}, (65 —1)/5s = {(6s — 1)/Fs — 10k2, (s — 1)/Fs —
9k2,...,(0s —1)/6s + 10k2}, and as = {Gs — 10k1, @s — k1, ..., as + 10k1 } with the grids of k1 = 0.005 and k2 = 0.02.
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5 Profit Shares

5.1 Capital Intensity

The results in the previous section indicate that there is a high degree of the substitutability between
labor and capital in the Chinese manufacturing sector. In this situation, as previously noted, our
theory predicts that an increase in capital intensity in SOEs will cause the profitability of SOEs to
increase.

Using Table 2 we have already shown that between 1998 and 2007 the 151% growth in capital
intensity for SOEs was much more rapid than the 86% growth rate in the private sector and the
negligible (3%) growth rate in the foreign sector. Figure 2 illustrates the pronounced rightward
shift in the distribution of capital intensities for SOEs in 1998 versus 2007. It is striking that the
right tail of the distribution is much higher and much fatter in 2007.

In order to check whether the rapid growth of capital intensity for SOEs compared to private
and foreign firms is robust after controlling for ownership-, time-, province- and sector-fixed effects,

the following equation is estimated:

In(Xj) =Y 6°D§+ Y 6°Dh+ > 60°Dj,+ > 0'Dj, + ey (19)
) p S t
where ¢;; is an independent and identically distributed random variable.

In equation (19), the dependent variable In(Xj;) is the log of capital intensity of firm ¢ in year ¢

o Y4
and Df;, Dy,

D¢, and D}, are ownership-, province-, sector-, and year-dummy variables, respectively.
Foreign firms are the reference group because, as previously described, their capital intensity was
stable during 1998-2007. Thus, equation (19) estimates how SOEs and private firms differ from
foreign firms after controlling for province-, sectoral- and year-fixed effects. Since the outcomes are
reported in logs, these differences are in percentage terms.

Table 4 contains results for three cases: 1) the entire sample, 2) the entire sample accounting for
differences within SOEs (top central and all other SOEs), and 3) the balanced sample accounting
for differences within SOEs. In each case, the model is estimated for the entire period 1998-2007,
for 1998-2002 and then for 2003-2007. The first set of estimates for the entire sample shows that the
relative capital intensity of SOEs increased by almost 29% (from -0.403 log points in 1998-2002 to

-0.116 log points in 2003-2007). The results indicate that throughout 1998-2007 SOEs on average
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were less capital intensive than foreign firms and more capital intensive than private firms.

The second set of estimates shows that capital intensity grew in top central SOEs by 19.5%
(0.828 log points in 1998-2002 and 1.023 log points in 2003-2007) and in the other SOEs by 27.9%
(-0.407 log points in 1998-2002 and -0.128 log points in 2003-2007). These estimates also show that
throughout 1998-2007 the top central SOEs 