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A large literature has documented impressive productivity growth in China’s state

enterprises during the reform. The evidence has been used to support the view

that China’s enterprise reform has been successful. We cast doubt on this view by

arguing that productivity is not a reliable measure of state enterprise performance. A

model is used to show that when �rms are not pro�t maximizers, higher productivity

may actually lead to greater allocative distortion, lower pro�ts and lower economic

e�ciency. There is evidence this may be the case for many Chinese state enterprises

during the reform.
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By our incomplete count, over 100 papers have been written on the productivity of Chinese state

enterprises.

With few exceptions, these works are based on production function analyses and de�ne the Total Factor

Productivity as the residual term of the log-linear production function. In this paper, we stick to this line

of research and the corresponding de�nition of the TFP. Gordon and Li (1994) is an exception.

Je�erson and Rawski (1994) is another example of this view. After surveying the overall industrial

reform in China, they conclude:“(t)his review leads to the conclusion that reform has pushed China’s

state-owned enterprises in the direction of ‘intensive’ growth based on higher productivity rather than

expanded resources consumption. Although the production of unwanted goods and other characteristic

socialist aws persist (Liu, 1993), we observe a consistent picture of improved results – higher output,

growing exports, rising total productivity, and increased innovative e�ort – against a background of gains

in static and dynamic e�ciency that reect the growing impact of market forces.” Woo, Hai, Jin, and Fan

(1994) represent an exception. They argue that the TFP growth rate is at most insigni�cant. See Je�erson

and Singh (1993) for a survey of the empirical �ndings in this area.

See Bai and Wang (1996).

See Li and Li (1995).

A considerable literature devoted to the study of China’s state-owned enterprises (SOEs)

has emerged over the past decade. With few exceptions the extensive research points to

there having been impressive productivity gains enjoyed by the SOEs since the inception of

the reforms in the early 1980’s. Findings of productivity gains ranging from 2 to 6 percent

per year present a rosy picture of SOE reform success. Je�erson and Singh (1993) put voice

to the conventional wisdom on the issue: ”(h)ave state-owned enterprises improved their

performance? Yes, most analyses of productivity growth within state industry show that

TFP has accelerated over the pre-reform period.”

Within China, however, this perceived SOE reform success has not made itself appar-

ent. Instead, year after year, the general public, research economists, and reform-minded

government leaders all complain about mounting problems with the SOEs. Aggregate sta-

tistics support their complaints: over 30incurring explicit �nancial losses and relying upon

government subsidies. Many SOEs have di�culty competing in the product market, re-

sulting in a debt crisis in the �nancial sector. By 1994, the total amount of non-performing

debt was as high as 20 percent of GDP. A recent speech by the economic Premier Zhu

Rongji (see Zhu (1996)) addresses this phenomenon: ”(t)he current problems of SOEs are:

excessive investments in �xed assets with very low return rates, resulting in the sinking of

2
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7For example, in the Chinese Communist Party’s Decision to Implement System Reforms for Socialist

Market Economy and Proposals for the Ninth Five-Year Plan and the Long-Run Plan Leading to 2010,

problems with state enterprises are on the top of the list of issues that continued reforms have to resolve.

large amounts of capital; low sales-to-production ratio giving rise to mounting inventories.

The end result is that the state has to inject increasing amount of working capital through

the banking sector into the SOEs.” In response to these pesky problems with SOEs, Chinese

leaders have recently placed enterprise reform on the top of the reform agenda.

This paper is motivated by the sharp contrast between the optimistic picture presented

by the large amount of research that reports considerable productivity gains and the gloomy

mood among those who look at many mounting problems in China’s state sector, especially

the miserable �nancial situation. In an attempt to reconcile the two sides, we choose not

to present new evidence or to re-examine that which has been previously presented, or to

debate the reliability of reported productivity gains in China’s state sector. Instead, we

shall question the very validity of using productivity changes as an index of the e�ciency of

the SOEs. We argue that, with the signi�cant non-pro�t objectives of the SOEs, measured

growth of TFP may be a misleading indicator of their performance. TFP is a good index of

performance in the context of pro�t-maximizing and market-oriented �rms. However, for

SOEs under reform, these conditions are not satis�ed (in fact, this is the very reason of SOE

reform). For a SOE, non-pro�t objectives are abundant. One of the important non-pro�t

objectives of the managers is their excessive pursuit of output. Many have argued for such

motives of SOEs (Kornai (1992) and Shleifer and Vishny (1994), for example).

The logic of our argument is as follows. E�ciency is determined by both the �rm’s

technology and its choice of the output level. An increase in productivity means a higher

marginal rate of transforming input into output, i.e., the �rm has a larger feasible set of

operation. This tells us something about the technology side of the �rm. The question,

however, is how the improved technology a�ects the �rm’s choice of output level, which is

a behavioral issue. When a �rm is a pro�t maximizer, its behavior is “right” and a higher

productivity always leads to improved social welfare. In such a case, it is appropriate to

equate a higher productivity with higher e�ciency. When the objective of the manager is

di�erent from that of pro�t maximization, however, higher productivity can induce more

distorted behavior, partially or totally o�setting e�ciency gains from improved technology.

3
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2. The Model

2.1. The Model

Q Af x ,
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In an enlarged model, can be endogenously determined as well, e.g., when better incentives induce

greater e�orts from the manager. Our interest, however, is not how productivity may be improved, but,

instead, how it a�ects the �rm’s behavior and pro�tability. For this purpose, it does no harm to assume

to be exogenous.

Firms eventually face decreasing returns to scale because some inputs cannot be varied easily with

Therefore, high TFP cannot be taken for granted to mean higher social welfare and higher

e�ciency. For example, when the manager of the �rm has an output bias, high productivity

may induce the manager to deviate further from the pro�t maximizing output level. As we

show later, if the �rm’s output bias is su�ciently strong, an increase in productivity can

lead to a lower pro�t and, with additional quali�cations, lower e�ciency. There is some

evidence that this higher productivity and lower e�ciency scenario is the essence of the

recent developments in China’s state sector.

The rest of the paper is planned as follows. Section 2 presents a simple theory analyzing

the relationship between productivity and pro�tability for non-pro�t-maximizing �rms.

Section 3 reviews the empirical method used in estimations of TFP and argues that our

theory is pertinent to Chinese SOEs during the reform. Conclusion is given in Section 4.

In this section, we present a model of productivity growth and �rm behavior. The

key result is that, given a �rm with non-pro�t maximization objectives, productivity in-

creases may not imply e�ciency gains. We also identify the condition under which higher

productivity leads to lower economic e�ciency.

Assume that the �rm’s production function is

= ( )

where is the input, Q the output, and a measure of productivity. As will be shown

later, the growth rate of corresponds to the growth rate of the conventionally de�ned

TFP. In our model, is the �rm’s choice variable, whereas is exogenously determined.

( ) is assumed to be strictly concave and satis�es the properties that ( ) 0 and

4



�

�

�

x

x

Q
A

′′

′ ′′

f . < .

� Af x wx,

w x

� Q Q wx

s.t. f x
Q

A

c
Q

A
wx,

s.t. f x
Q

A
.

� Q Q c
Q

A
.

f x c

c . > c . > .

U �,Q � �Q,

the �rm’s scale. For example, as output increases, the manager eventually becomes overloaded and his

productivity falls. Hiring additional managers result in incentive problems, as is discussed by Williamson

(1975).

( ) 0 The pro�t of the �rm is

= ( )

where is the price of input and the output price is normalized at 1. This implies that

( ) = min

( ) =

is the �rm’s maximum pro�t at a given output level. De�ne

( ) = min (2)

( ) =

The maximum pro�t, again at a given output level, is thus

( ) = ( ) (3)

Note that, since ( ) is strictly concave, ( ) is strictly convex (it is increasingly more

costly to produce the next unit of output), i.e., ( ) 0 and ( ) 0

An important con�guration of the model is the objective function of the �rm. In general,

it is di�cult to pin down exactly the objective of an SOE. Many authors have argued SOEs

have an impetus to expand their sizes. For example, Kornai (1992) emphasizes that SOE

managers are imbedded in a bureaucratic hierarchy, in which the size of the �rm, or output

level, is a proxy for status. Shleifer and Vishny (1994) argue that managers are inuenced

by politicians, whose political agenda dictates the drive for �rm size and output. Without

loss of generality, we make a simple assumption that the state �rm maximizes a convex

combination of pro�t and output, i.e., we assume that the objective function of the �rm is

( ) = + (4)
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We are aware of a scenario that a positive exists in order to correct distortions due to a below-market

price on This is not a common scenario in China, since the product market emerged rather quickly after

the reform.

where is a measurement of the extent of the �rm’s output bias. The larger the value

of , the more willing the �rm is to forego pro�t in order to obtain a higher output level.

When = 0, we have a conventional pro�t maximizing �rm.

( ) function in (3) tells us how production technology determines the transformation

between output and pro�t. We have

= 1
1

( ) (5)

Let be the output at which, ( ) = 0, i.e., ( ) = 1 is the output level that

maximizes the pro�t. Since ( ) is convex, is concave, with ( ) 0 for all ;

( ) 0 for all ; and ( ) 0 This technologically determined relationship

between the output and pro�t gives the feasibility constraint of the SOE’s optimal problem.

To maintain a given utility level, the marginal rate of substitution between and

must satisfy the condition

=

where is the partial derivative of with respect to its argument. Given our special

form of the utility function, we can write

= = (6)

Equation (6) is intuitive. A conventional pro�t maximizing �rm is one with = 0

( = 0) and = 0, i.e., the utility loss due to a lower pro�t cannot be compensated by a

higher output level. The SOE with an output bias has 0 and = , meaning that

a loss in utility due to one unit loss of pro�t can be compensated by units of output.

At the optimum, the marginal rate of transformation and that of substitution must be

equal. This means that

1
1

( ) =

Let be the output that satis�es this condition. It is the output at which ( ) is

maximized. See Figure 1.
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is the pro�t; is the output; and are two alternative productivity

levels. The inverted-U curves represent two alternative - trade-o� schedules. The paral-

lel straight lines are indi�erence curves of the manager. is the pro�t level associated with

the optimal choice given and is that given The graph illustrates that

i.e., higher productivity gives rise to lower pro�t.
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Alternatively, we can substitute into (4) and obtain

( ( ) ) = ( ) + = (1 + ) ( )

The �rst order condition for maximizing ( ( ) ) is

(1 + )
1

( ) = 0 (7)

which is identical to what we have established earlier. The second order condition is

obviously satis�ed, since ( ) 0

Two interesting points can be learned from (7). First, while a pro�t maximizing �rm

with = 0 chooses the output level where marginal cost is equal to the marginal product

(i.e., = 1), the SOE with an output bias produces more (at which = 1 + 1).

The magnitude of deviation from the pro�t maximizing level of output increases with

Second, for both types of �rms, the optimal output level increases with productivity, .

To isolate the e�ect of higher productivity, we assume that price is not distorted and

both the market for the output and that for the input are competitive.

A higher productivity level (a larger ) means that any given amount of output is

now produced with less input, or, equivalently, a given amount of input can produce more

output. This means that pro�t is higher at every output level; the curve ( ) in Figure

1 is shifted upward for 0 When this happens, it is immediately clear, graphically,

that the equilibrium pro�t level of a conventional �rm (a pro�t maximizer) will be higher.

However, what will happen to the pro�tability of the SOE with output bias ( 0) is

ambiguous. In the following, we formally derive this result and give the condition under

which the equilibrium pro�t level of the �rm with an output bias ( 0) declines with

improved productivity.

From (4), we can obtain

=

By the Envelop Theorem,

= ( )

8
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1) If then , i.e., for a pro�t maximizing �rm, higher produc-

tivity means higher pro�t; 2) If then the e�ect of productivity on pro�t is ambiguous.

sign = sign

If and exists, then the latter limit cannot be

positive, i.e.,

There exists and with , such that, if then if

Di�erentiate (7) with respect to , we have

(1 + ) ( )[
1

] = 0

or

= (1 + )
( )

+

Thus, can be rewritten as

= ( ) [(1 + ) + ]

= (1 + ) [(1 + ) + ]

= (1 + )

(8)

(7) is used for the second equality.

In (8), setting = 0 we have 0 However, if 0 it is not clear what sign

takes. Thus, we have the following proposition.

= 0 0

0

Next, we show that 0 if is su�ciently large. In other words, if the output bias

of the �rm is su�ciently strong, an improved productivity (a higher A) leads to a lower

equilibrium pro�t level (a smaller ). We �rst establish two lemmas. De�ne = .

+

(All proofs henceforth can be found in Appendix)

lim ( ) = lim

lim 0

0;

0
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To further illustrate this result, let us now consider the special case of a Cobb-Douglas

production function with decreasing returns to scale. The case is interesting because most

empirical work on productivity analysis assumes a Cobb-Douglas production function. As-

sume that the production function is = with 1 The �rm’s cost function can

be written as

( ) =

Therefore, ( ) = (7) can be rewritten as

( ) = (1 + )

or

= (
(1 + )

)

Note also that

( ) = ( 1) = ( 1)( ) = ( 1)[
(1 + )

]

Substituting the expressions of and ( ) into that of and simplifying leads to

= ( 1 )[ (1 + )
( )

]

which is negative if 1 and positive if 1

= = = 1

Intuitively, the possibly negative relationship between productivity and pro�tability

results from the equilibrium pro�t having been determined by both productivity and the

�rm’s behavior, reected in its choice of output level. It is also important to understand

that productivity a�ects the �rm’s behavior (its choice of the output level). Recall the

discussion in the previous section that, with 0 the equilibrium output level is higher

than that maximizes pro�t. The degree of deviation to a higher output level depends on

the marginal rate of transformation, which in turn depends on productivity. At the pro�t

maximizing output level , = 0 i.e., output can be increased with no corresponding

loss in pro�t. The �rm thus moves to a higher output level. As the output increases, each
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3. Further Discussions

3.1. Empirics of TFP: an Alternative Interpretation of Our Theory

One exception is Gordon and Li (1995). They utilize a creative approach to implement the TFP index

by Kendrick (1973), who de�nes TFP as � = where is equated to the marginal product in the

base year. Notice that when �rms have output bias, is lower that the market price.

additional unit of output results an increasing loss in pro�t, due to the decreasing marginal

rate of transformation. Beyond a certain point, the trade-o� is no longer worthwhile. This

point is where the marginal rate of transformation and that of substitution are equal.

As is clear from (5), a higher productivity (a higher ) means that at every given ,

an additional unit of output (above ) can be obtained at less cost of pro�t. This has

two e�ects on pro�t. First, the pro�t of the �rm is higher at any given output level. Let

us call this the direct e�ect of a productivity gain on pro�tability. The e�ect contributes

positively to pro�t. Second, since now producing an additional unit of output has a smaller

corresponding loss of pro�t, the �rm �nds it worthwhile to deviate further from the pro�t

maximizing output level, which leads to a lower pro�t. Let us call this the induced, or

behavioral e�ect, of a productivity gain on pro�tability. The opposing signs of the direct

and induced e�ects of higher productivity on pro�t explains why the net e�ect of higher

productivity on pro�tability is, in general, ambiguous, as shown in Proposition 1. When

is small, the change in output deviation from the pro�t maximizing level is small, and the

direct e�ect dominates. We thus have 0 The opposite is true when is large.

Three issues warrant further analyses. The �rst is how to relate our theoretical discus-

sion to existing empirical literature on Chinese SOEs. The second issue is how pertinent

our theory is to Chinese SOEs, i.e., whether higher productivity has driven e�ciency lower

during the reform. Finally, given that pro�t has decreased with higher pro�tability, how

reliable is pro�t as a measure of social welfare? We address these issues in this section.

In the empirical literature on Chinese enterprise reform, the most popular and inuential

approach is to estimate the total factor productivity (TFP) by utilizing enterprise-level data

sets. This is often referred to as production function analysis.

11
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See Jorgenson, Gollop, and Fraumeni (1987) for detailed expositions.

We thank Yingyi Qian for suggesting this interpretation of our theory.

= , then � = , a constant. Thus, Kendrick’s TFP may not be a

good measure of individual �rms’ productivity growth. However, it is a good measure of

aggregate TFP growth due to better inter-�rm allocation of factors (see Basu and Fernald

(1995)), which is not the focus of our paper. We summarize the technique of production

function analysis in the following.

Without losing generality, assume that the production function to be estimated takes

the form

= ( ( ) ( ); )

where is an un-observed productivity factor, which will be estimated; is (are) the

observed input(s); is an index of time; and is a time-invariant parameter to be estimated.

Both and may vary with time .

The TFP is derived from the decomposition of the growth rate of output, i.e.,

˙ =
+

= +

= ˙ + ˙

where, the “dot” “.” is the growth rate operator, and and are the elasticities of

with respect to input and , respectively. In other words, ˙ ˙ and ˙ are the growth

rates of , , and , respectively. Therefore, the of the TFP is de�ned as

˙ ˙ ˙ (9)

which intuitively is the contribution of the unobserved production factor ( ) to the residual

growth rate of output.

Expression (9) implies an alternative explanation of our theory that measured TFP may

be mis-leading. To measure economic e�ciency, the cost of input should be considered. Let

be the price of input. Then, for the right hand side of (9) to reect economic e�ciency,

should be equal to , which is the case with pro�t maximization. When SOEs have a

quantity bias, however, they tend to over-produce. As a result, the marginal product of

is lower than the price of input, and thus . Therefore, (9) over-estimates economic

e�ciency; the ine�ciency of a non-pro�t-maximizing SOE is not reected by TFP.

12
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Some empirical works, such as Je�erson, Rawski, and Zhen (1992), utilize a more sophisticated method

to estimate TFP. Instead of treating the TFP as a deterministic constant, they regard the TFP as having

a random component, so that the realization of TFP has an upper bound. This is the so-called frontier

production function analysis. This does not change our analysis here.

Furthermore, two remarks can be made with regard to equation (9). First, in the

context of our model, where the production function is = ( ) applying (9), we have

˙ = ˙

since the elasticity = 1 Thus, given our model, growth in TFP is essentially gotten by

measuring the growth rate of . Second, (9) can re-writen as

˙ =
( ) ( )

( )

( )

In most empirical works, the production function is assumed to be log-linear, i.e., the term

is constant. In such cases, the growth rate of TFP becomes

˙ = [ ( )
( )

( )
( ) ]

i.e., the growth rate of TFP is identi�ed as the regression coe�cient on the term.

Our theory suggests the following hypothesis: higher productivity may imply lower

pro�ts or more �nancial losses for SOEs. A natural question arises: is this hypothesis

likely to be valid for Chinese SOEs during the reform? Based on existing evidence, we argue

that the answer is yes for a large number of SOEs, although to fully answer the question,

systematic empirical evidence beyond the existing empirical literature is necessary.

Our theory is consistent with a description of the aggregate performance of China’s

state enterprises during the reform. First, it is widely recognized that the very rapid entry

of non-state industrial �rms has made Chinese industries much more competitive than they

used to be (Je�erson and Rawski (1994)). Therefore, existing state enterprises are left with

much less room for increasing output. Had the SOEs’ primal concern been pro�t, we would

have expected their response to have been a slow down of output growth. However, the

second widely recognized fact of Chinese SOEs is that almost all state industrial sectors
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They note that the coe�cients found in their study are “roughly similar” to those found in Western

and Japanese �rms. However, they recognize that “di�erences in model speci�cation make comparison

di�cult.”

See Table 6 of Parker (1996).

registered higher output growth rates than those of the pre-reform era. Few state sectors,

if any, have su�ered output reductions during the reform. Third, pro�t rates have been

decreasing and the proportions of state �rms which are pro�t losers has increased. These

broad observations together suggest that our theory, that higher productivity drives lower

e�ciency, seems to be relevant for at least many SOEs’, if not all.

Direct evidence for our theory can be found at the enterprise level. In a careful study of

the emerging managerial market in China, Groves, Hong, McMillan, and Naughton (1995)

examine the incentives of SOE managers. They �nd that managerial compensation is more

closely linked to �rm pro�t after the reforms. However, overall, “sales were a strong factor

and pro�ts were a weaker factor in explaining managerial wages”. Facing such an incentive

structure, managers have to pay great attention to output targets. In another study, Dong

and Tang (1995) analyze questionaires issued to managers of 800 SOEs in 1990. Managers

were asked: “(w)hy do you continue making pro�t losing products?” The most likely

answers were (in descending order of frequency): 1) it is due to government instructions; 2)

we have no better technology; and 3) we have to maintain employment. When asked about

their reactions to situations where the market supply is larger than the market demand,

managers most commonly replied: 1) we will not reduce production, which is more costly

than reducing prices; 2) we will not reduce output since it violates government instructions;

and 3) we will not reduce output until the market is stabilized. Dong and Tang (1995) thus

conclude: “... SOEs have not yet assigned pro�t a proper weight in their objectives. ... In

recent years, many SOEs continue producing when the market is soft, causing enormous

increases in inventories and occupying large amounts of capital.” (page 283) Finally, in a

recent study of Chinese state-owned construction units, Parker (1996) found evidence of

increasing over-use of capital and labor. From 1985 to 1991, the shadow-to-observed price

ratio of capital decreased from 1.171 to 0.709. The same ratio for labor decreased from

0.645 to 0.632. Again the evidence suggests that our hypothesis does describe Chinese

14
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3.3. Welfare Implications

Basu and Fernald (1995) derive this conclusion in a more general context, i.e., when �rms have market

power.

SOEs during the reform.

An interesting theoretical issue, which we have not addressed, is the overall e�ect of

productivity change on social welfare. We have only studied the changes in �rm pro�t and

have omitted consumers’ welfare, which is measured by the consumer surplus derived from

the product. Also ignored is the managers’ welfare.

An increase in TFP has the unambiguous e�ect of increasing the output level and

lowering the price of the product, regardless of the value of . This implies, unambiguously,

that consumers are better o� with a productivity improvement. The magnitude of the gain

in consumer surplus decreases with the price elasticity of demand – it is higher when

demand is less elastic and approaches zero when demand is perfectly elastic. The manager

is also unambiguously better o�, because a higher productivity means an outward shift of

the transformation possibility frontier. The ( ) is then tangent on a higher indi�erence

curve. This result is, again, independent of the value of .

As we have shown, however, the e�ect of an increase in TFP on pro�t does depend on the

size of beta. In particular, when is small, pro�t increases with productivity. This, together

with what we have said about the consumers’ and the manager’s welfare, means that, for

pro�t maximizing �rms (those with = 0), an increase in productivity unambiguously leads

to a higher total social welfare. When is large, the pro�t of the �rm decreases with

productivity, which leads to a lower welfare to the owner. The opposing signs of the change

in the owner’s welfare and those in the consumers’ and the manager’s welfare leaves the

overall e�ect of higher productivity on social welfare ambiguous. Therefore, it is generally

inappropriate to equate an improvement in productivity with an increase in social welfare.

Neither is it appropriate to, without quali�cation, see improved productivity as an indicator

of improved performance or “progress,” because such an indicator neglects how the output

level and the �nancial performance of the �rm is a�ected by productivity. Speci�cally, it

is not hard to see that, when the price elasticity of the demand is su�ciently elastic, the

manager’s welfare su�ciently small, and su�ciently large, a higher productivity actually

15



4. Conclusions

leads to a lower social welfare.

The motivation of our paper is a sharp division of opinions on China’s enterprise reform.

On the one hand, the existing economics literature has lent overwhelming evidence to the

view that China’s state enterprises have signi�cantly improved their performance. On the

other hand, it is widely believed in China that the state sector is the least successful area

of reform.

The main message of the paper is that the conventional method of production function

analysis centering around the total factor productivity (TFP), which is the basis of the large

body of empirical research on Chinese SOEs, may not be appropriate for evaluating the

progress of state enterprise reform. Using a simple model, we show that until the behavior

of state enterprises is signi�cantly improved, coming closer to that of pro�t maximization, a

higher productivity as measured by the TFP growth may actually lead to lower pro�tability

and therefore, in many cases, lower economic e�ciency. Based on existing evidence, we

argue that this worrisome scenario is very likely to be the case for many state enterprises

during the reform.

A direct implication of our analysis is that the large amount of empirical work based

on production function analysis may have to be re-interpreted. Growth rate of TFP alone

may not be an appropriate standard, against which various reform programs are judged

and lessons from China’s reform are drawn. Consequently, new measures of state enterprise

performance need to be designed to gauge the progress of the enterprise reform.
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A2. Proof of Lemma 2
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Substituting = [ ( ) ] 1 (from (7)) into (8), we obtain

= [ ( ) ( )][ ( ) 1]

= [( ( )) ( )][ ( ) ( ( )) (1 ) + 1 ( )]

De�ne ( ) = ( ) ( ( )) Suppose lim ( ) 0 Then there exists 0 such

that ( ) = (1 2) lim ( ) for all Rearranging yields

( ) = ( ) ( ( )) = [1 ( )]

Integrate the above equation with respect to . Then, as

1 ( ) = 1 (1) + [ ( ) ]

= 1 (1) + [ ( ) ] + [ ( ) ]

+ ( )

= + (ln ln )

where = 1 (1)+ [ ( ) ] is a constant. Therefore ( ) 0 as is large enough,

which is a contradiction. Q.E.D.

Proof: Lemma 1 says that sign = sign [ ( ) ( ( )) (1 ) + 1 ( )] Lemma 2

tells us that lim ( ) ( ( )) = 0 Since, by (7), lim =

lim ( ) ( ( )) = 0

is also true. So the �rst term in [.] approaches zero as approaches . The same is true

for the last term in [.]. So [.] is less than 0 if is su�ciently large.

The second part of Proposition 2 follows Proposition 1.
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