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Abstract

After the Uruguay round, China has experienced dramatic trade liberalization in

the late 1990s. Industrial import competition ratio increased over time due to tari¤s

reduction and various non-tari¤s-barriers removal. In this paper, I investigate the im-

pact of trade liberalization on �rm productivity by using both Chinese manufacturing

�rm-level data and highly disaggregated Chinese import data over 1998-2002. For

this purpose, I �rst calculate �rm�s total factor productivity (TFP) by adopting an

augmented Olley-Pakes (1996) semi-parametric methodology to correct the simulta-

neous bias from the reverse causality and selection bias from �rm�s dynamics behavior

(exit and entry). After controlling for the endogeneity issue, the industrial import

penetration is found to signi�cantly boost �rm�s productivity, yet industries with low

tari¤s did not necessarily enjoy high productivity.
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"Productivity isn�t everything, but in the long run it is almost everything"

�Paul Krugman (1998)

1 Introduction

Econimists have already paind much atteention to the impact of trade liberalization on

productivity. Yet, previous works mostly focus on the e¤ect of output (or input) tari¤s on

productivity (Amiti and Konings, 2007). However, a tari¤ is just one of many instruments

of trade policies, which has already reduced at a very low level after the Uruguay round

of WTO in 1994. Other trade policy instruments like various non-tari¤-barriers (NTBs)

play more and more important roles to protect domestic import-competing industries.

Restricting our scope on tari¤s only is insu¢ cient for us to understand the impact of

trade liberalization on �rm productivity.

It is usually challenging for researchers to cover NTBs ratio in their works on trade

liberalization and productivity due, in large part, to the di¢ culty of data accession, espe-

cially for developing countries. The import penetration ratio, which is de�ned as industrial

imports over its outputs, is economic consequences of various trade policies imposed by a

government. In this sense, it is a better instrument to measure trade liberalization than

tari¤s because it covers e¤ects of both tari¤s and NTBs. Since I do not have data on

NTBs in China neither, In this paper I use import penetration ratio to measure trade

liberalization. Using data on Chinese plants, I �nd that trade liberalization boosts �rm

productivity by inducing stronger import competition. I also found that ignoring the role

of NTBs would cause severe estimation bias. The e¤ects of tari¤s on �rm productivity is
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fundamentally di¤erent from those of import penetration in terms of magnitude and sign.

Many literatures have already investigated how tari¤s a¤ect productivity. Some works

like Tre�er (2004) emphasized labor productivity though most of the studies concentrated

on TFP. In the early stage, researchers usually rely on industrial level data to measure

TFP. These include, among others, Tybout, de Melo, and Corbo (1991), Levinshon (1993),

Harrison (1994), Head and Ries (1999). Most recent researches such as Pavcnik (2002) and

Amiti and Konings (2007) take a step further to consider �rm productivity using plants

data. However, most of these works mentioned above use tari¤s only to measure trade

liberalization. Only a few exceptions like Harrison (1994) include import penetration ratio

as a robustness check.

Yet, whether or not China, the largest developing country, experienced productivity

improvement is still a controversial issue. Krugman (1994) argued that the total factor

productivity (TFP) growth in emerging markets are not signi�cant. The economic growth

in such economics indeed came from their unusual high saving rate. In contrast, Young

(2003) found that China keeps a modest TFP growth rate after its economic reform. Re-

cent studies like Zheng, Hu, and Bigsten (2008) also found that most of economic reforms

often tend to have positive e¤ects on TFP. Besides of di¤erent econometric speci�cations,

other reasons to explain the heterogenous results on TFP are data quality and their cal-

culation methodology. I therefore put much e¤ects on these two perspectives to re�ne

China�s TFP calculation.

Krugman (1994) discussed that it is a challenging job to explain China�s economic

growth due to its low quality data. Holz (2004) also pointed out some statistical problems

2



of using China�s aggregated data. In this paper I therefore rely on Chinese �rm-level

data to estimate. My data set is a rich �rm-level panel covered more than 150 thousand

manufacturing �rms per year over 1998-2005. For each observation, it covers more than

100 �nancial variables listed in main accounting sheets of all SOEs and those non-SOEs

�rms whose sales are more than 5 million yuan per year. Such data are used to form

the more aggregated data which are shown in annual China�s Statistical Yearbook. Put

another way, the data set is believed to be the most reliable one for researchers to access

nowadays.

To estimate TFP, I use the Olley-Pakes (1996) methodology to correct for the simul-

taneous bias and selection bias caused by the usual OLS approach. TFP is obtained as a

Solow residual by estimating a Cobb-Douglas type or trans-log production function. How-

ever, there are two main problems involved with the usual OLS estimation. First, a �rm�s

TFP could have reverse endogeneity on its input factors given that the �rm can adjust

its input factors by observing some parts of its contemporary productivity. Second, some

�rms would die and exit from the market due to their low productivity or bad manage-

ment (Melitz, 2003). The �rms�dynamic behaviors cause samples in the regressions are

not randomly selected. To address these two empirical challenges, I adopt the Olley-Pakes

(1996) approach to control for the simultaneous bias problem and survival probability

model to control for the selection bias problem. I also show the substantial di¤erences for

each industry between the OP estimation results and OLS estimations results.

After controlling the possible reverse endogeneity, I �nd that trade liberalization fosters

�rm productivity signi�cantly. These results are robust to di¤erent econometric speci�-
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cations. Moreover, I did not �nd positive e¤ects of tari¤s reduction on �rm productivity

improvement. This also suggests that ignoring the role of NTBs would cause some mis-

understanding of the e¤ect of trade liberalization on �rm productivity.

The rest of the paper is organized as follows. Section 2 reviews China�s trade lib-

eralization during the last decade. Section 3 introduces the methodology of estimations

accordingly. Section 4 describe data used in this paper carefully. The main estimation

results and sensitivity analysis are discussed in Section 4. Finally, Section 5 concludes.

2 China�s Trade Liberalization

Before 1978, China�s foreign trade is completely monopolized by twelve national foreign-

trade companies (FTCs). They imported products at world prices and sold them domes-

tically at planned price. The government then cross-subsidized between such FTCs. As a

result, China was completely insulated from the world economy (Naughton, 2006). Since

1978, China�s foreign trade reform experiences three waves. The �rst wave is to set up

four special economic zones (SEZs) which allowed export-processing imports in duty-free.

The second wave for trade liberalization is to open the two eastern coastal provinces (i.e.,

Guangdong and Fujian) by allowing foreign �rms to sign "export-processing" contracts

with domestic �rms. The third wave is to generalize this open-door policy to many other

eastern coastal provinces.

In addition, China also devaluated its currency over years. In the early years of the

economic reform, China maintained an unreasonably high exchange rate with U.S. dollars.

In 1980, the o¢ cial exchange rate was 1.5 RMB per dollar. It depreciated to 3.5 RMB per

4



dollar in 1986. After 1994, China�s de-facto exchange rate with dollar have been �xed at

8.3 RMB per dollar for about one decade. In July 2005, China began to appreciate RMB

2% against dollar. Since then, China have already appreciated RMB more than 10% so

far.

Before the economic reform, tari¤s did not play an important role since the FTCs had

already served as an "air-lock" to insulate China from the world. In the 1980s, China

began to set up a whole system of tari¤ rates. In 1992, China�s unweighted average tari¤s

was 42.9%, which was similar to the level of other developing countries. Shortly after

the Uruguay round of WTO, China had experienced huge tari¤ reductions due, in large

part, to the WTO accession application. China cut its tari¤s from 35% in 1994 to around

17% in 1997, which is a 50% reduction. After that, during 1998-2002, China�s unweighted

(weighted) average tari¤s did not decrease much. The largest adjustment is year 2001 in

which the average tari¤ rates decreased from 16.4% to 15.3%.

Besides tari¤s, China also used various non-tari¤barriers to protect its import-competing

industries. According to UNCTAD�s classi�cation, the NTBs include many types of mea-

surements such as price control measures, quantity control measures, customs charges and

taxes, �nancial measures, technical measures, monopolistic measures, and miscellaneous

measures. According to Fujii and Ando (2000)�s calculation, China maintained a large

number of NTBs in various products. For example, the core non-tari¤ measures (NTMs)

was 51.9% for woods products whereas 55.1% for chemicals in 1996.

Turning to the inward foreign direct investment (FDI), China did not absorb much FDI

in the 1980s due, in large part, to the time lag for foreign investors to understand China�s
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"open door" policy. Since 1992, China had maintained a high growth rate of inward FDI.

In 2007, China�s FDI reaches $74.7 billion, which is 17 times higher than that in 1991. It

is also predicted that China�s inward FDI will become the third largest countries followed

by U.S. and U.K. in 2011.1 However, since China also has a remarkable growth rate of its

economy scale, the ratio of FDI over GDP is only 2.1%, which is lower than many OECD

countries (WDI, 2007).

With trade liberalization over years, China also keeps a huge volume of processing

trade. According to China�s Statistical Yearbook in various years, China�s processing

trade is much more than ordinary trade. Although the number of processing trade has

decreasing over these years, even in 2006, China�s processing trade still accounts for around

52%.

3 The Econometric Methodology

In this section, we �rst introduce how to measure TFP, followed by the empirical speci�-

cation of measuring the e¤ect of trade liberalization on productivity.

3.1 Measuring Total Factor Productivity

The literatures on TFP usually suggest a Cobb-Douglas production function to introduce

technology improvement.2 Following Amiti and Konings (2007), we consider a form as

follows:

Yit = �it(�)M
�m
it K

�K
it L

�L

it ; (1)

1 source: The Economist via http://www.economist.com
2An alternative speci�cation is to use trans-log production function, which usually leads to very similar

estimation results (Amiti-Konings, 2007)
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where Yit; Mit; Kit; Litis �rm i�s output, materials, capital, and labor at year t, respec-

tively. Firm i�s productivity, �it; is a¤ected by the trade policy, � jt, in its industry level

j at year t. To measure the TFP, one needs to estimate (1) by taking a log function �rst:

lnYit = �0 + �m lnMit + �K lnKit + �L lnLit + �it; (2)

Traditionally, the TFP is therefore measured by the estimation residual between the true

data on output and its predicted �t value, ln Ŷit. That is:

TFPit = lnYit � ln Ŷit: (3)

However, this approach su¤ers from two problems: simultaneous bias and selection

bias. As initiated by Marschak and Andrews (1944), at least some parts of the TFP

changes can be observed by the �rm early enough so that the �rm could change its in-

put decision to maximize its pro�t. Put another way, the �rm�s TFP could have reverse

endogeneity on its input factors. The lack of such consideration would make the �rm�s

maximized choice biased. In addition, �rms�dynamic behavior also introduces the selec-

tion bias. In a panel data set, some �rms would die and exit from the market due to their

low productivity or bad management (Melitz, 2003). This means that the samples covered

in the regression actually are not randomly selected, which in turn causes the estimations

bias as well.

Econometricians tried very hard to address this empirical challenges but were not

successful until the pioneering work by Olley and Pakes (2002). At the early stage, re-

searchers usually used two-way (i.e., �rm-speci�c and year-speci�c) �xed e¤ects to mitigate

the simultaneous bias. Although the �xed-e¤ect approach can control some unobserved
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productivity shocks, it o¤ers no much help to deal with the reverse endogeneity. So this

approach seems still unsatis�ed. Similarly, to mitigate the selection bias, one may es-

timate a balanced panel by dropping those observations which exited during the period

investigated. The problem is that a substantial part of information contained in the data

set is wasted and the �rm�s dynamic behavior is completely unknown.

Luckily, the Olley-Pakes (1996) methodology makes signi�cant contributions on ad-

dressing these two empirical challenges. By assuming that the expectation of future real-

ization of the unobserved productivity shock, �it, relies on its contemporaneous value, the

�rm i�s investment is modeled as an increasing function of both unobserved productivity

and log capital, kit � lnKit. Following previous works such as Van Biesebroeck (2005)

and Amiti and Konings (2007), I revise the Olley-Pakes approach by adding �rm�s ex-

port decision as an extra argument of the investment function since most of �rms�export

decisions are determined in the previous period (Tybout, 2003):

Iit = ~I(lnKit; �it; EFit) (4)

where EFit is a dummy to measure whether �rm i exports in year t. Therefore, the reverse

function of (4) is �it = ~I�1(lnKit; Iit; EFit). The unobserved productivity also depends on

log capital and �rm�s export decision. Accordingly, the estimation speci�cation (2) now

can be written as:

lnYit = �0 + �m lnMit + �L lnLit + g(lnKit; Iit; EFit) + �it; (5)

where g(lnKit; Iit; EFit) is de�ned as �K lnKit + ~I�1(lnKit; Iit; EFit). Following Olley-

Pakes (1996) and Amiti-Konings (2007), I use the fourth-order polynomials in log-capital,
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log-investment, and �rm�s export dummy to approximate g(�). Since my data set is from

1998 to 2005, I also include the WTO dummy (i.e., one for year after 2001 and zero for

before) to characterize the function g(�). After getting the estimated coe¢ cients �̂m and �̂l,

it is ready to calculate the residual Rit which is de�ned as Rit � lnYit��̂m lnMit+�̂l lnLit.

The next step is to obtain an unbiased estimated coe¢ cient of �k. To correct the

selection bias as mentioned above, Olley and Pakes (1996) suggested estimating a proba-

bility of a survival indicator on a high order polynomial in log-capital and log-investment.

Precisely, one can estimate the following speci�cation:

Rit = �k lnKit + ~I
�1(gi;t�1 � �k lnKi;t�1; p̂ri;t�1) + �it; (6)

where p̂ri denotes the �tted value for the probability of �rm i�s exit in next year. Since I

have no idea on the speci�c functional form of the inverse function ~I�1(�), I again adopt

the fourth-order polynomials in gi;t�1 and lnKi;t�1. In addition, (6) also requires the

estimated coe¢ cients of log-capital in the �rst and second term identical. Therefore, the

non-linear least squares seems to be the most desirable econometric technique here (Olley

and Pakes, 2002, Arnold, 2005). Finally, I obtain the Olley-Pakes(OP) type of TFP once

the estimated coe¢ cient �̂k is obtained:

TFPOP = lnYit � �̂m lnMit + �̂k lnKit + �̂l lnLit: (7)

Table 1 presents the di¤erence of the estimated coe¢ cients for labor, materials, and

capital by using both the OP methodology and the usual OLS approach. I cover 39

manufacturing industries which are coded from 6 to 46 according to China�s industrial
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classi�cations (GB/T4754-2002).3 Compared to OLS estimates, as seen from the bottom

line of Table 1, the inputs�coe¢ cients for all manufacturing industry estimated by the OP

approach seem much lower. This suggests that, without controlling for simultaneous bias

and selection bias, the estimated industrial TFP using the OLS approach has a downward

bias.

[Insert Table 1]

3.2 Econometric Model

In this section, I estimate the equation as follows:

TFPOPijt = �0+�1impjt+�2EFit+�3(impjt�EFit)+�4Exitit+�Xit+$i+�t+eijt; (8)

where impjt denotes import penetration for industry j at year t. EFit is a dummy for

exporting �rm i at year t whereas Exitit denotes a dummy for �rm i�s exit at year t:4 Xit

denotes other control variables for �rm i at year t such as Foreign-Direct-Investment (FDI)

dummy, Stated-Own-Enterprises (SOE) dummy, and if so, whether it is controlled by the

central government. The error term is decomposed into three components: �rm-speci�c

�xed e¤ects $i, year-speci�c �xed e¤ects �t, and an idiosyncratic e¤ect �ijt with normal

distribution: �ijt s N(0; �2ij).5

3There are no corresponding industries for coding 12 and 38 according to the year 2002�s industrial

classi�cation.
4The reason that I do not include a dummy of importing �rm here is that my data set does not include

information on importing �rms.
5 In the paper I only include �rm-level �xed e¤ects and year-speci�c �xed e¤ects. Once one includes

province-level �xed e¤ects, the coe¢ cient on import penetration is insigni�cant. But the inclusion of

province-level �xed e¤ects does not make much sense here since data on industry-level import penetrations

and �rm-level TFP do not unique match.
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From (8), the import penetration ratio in industry j has two following e¤ects on

productivity of �rm i within industry j:

@ lnTFPOPijt =@impjt = �1 + �3EFit: (9)

The economic rationale is that, if the growing import penetration for one industry is due

to domestic real appreciation, an exporting �rm�s pro�t should shrink since it has to bear

high costs. Therefore, a negative and signi�cant �3 implies that the productivity of an

exporting �rm would decrease once a high import penetration occurs in its industry. In

contrast, previous works such as Levinsohn (1993) and Harrison (1994) emphasized that

the high import penetration ratio, an indicator of trade liberalization, makes domestic

�rms face more intense competition from foreign �rms. Accordingly, I hypothesis that �1

is a positive given that �rm�s productivity shall increase since tougher import competition

would force �rms to make their every e¤ort to improve their e¢ ciency.

Similarly, the e¤ect of an exporting �rm�s on its TFP also has the following form:

@ lnTFPOPijt =@EFit = �2 + �3impjt; (10)

where �3 is hypothesized to be negative as discussed above. However, I expect �2 positive

since exporting �rms enjoyed better policy treatments like preferential taxation reduc-

tion compared to non-exporting �rms in China as discussed above. Finally, �4 in (8) is

anticipated as negative since a dropped-out �rm usually tends to have low productivity.
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4 Data

Samples used in this paper come from two huge data sets. The �rst one is a rich �rm-level

panel covered more than 150 thousand manufacturing �rms per year over years 1998-

2005. Such data are collected by China�s National Bureau of Statistics as annual survey

for manufacturing enterprises. It covers more than 100 �nancial variables listed in main

accounting sheets of all SOEs and those non-SOEs �rms whose sale volumes are more than

5 million yuan per year.6

Although this data set contains unusual rich information, a few samples in the data

set are noisy and misleading due, in large part, to the mis-reporting by those �rms (See

Holz, 2004, for a discussion about possible problems of using China�s data). For example,

data information for such �rms is based on a unit of one thousand whereas the o¢ cial

requirement is a unit of 10 thousand. Following Je¤erson, Rawski, and Zhang (2008), I

therefore drop the observations if (1) number of workers hired for a �rm is less than 8

people; (2) the ratio of value-added relative to sale amount is less than zero or higher than

one. After this �lter, I drop 28; 875 observations from the original data set.

[Insert Table 2 Here]

Import data are at Harmonious System (HS) 10-digit level, which are from the Gen-

eral Administration of China�s Customs. Although highly aggregated HS 2-digit import

data are public available from various publications like China Statistical Yearbook, their

6 Indeed, aggregated data of the industrail sector in annual China�s Statistical Yearbook by the NBS is

compiled from such a data set.
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disaggregated data are not. Luckily enough, I am able to access such HS 10-digit import

data up to year 2002. To calculate industry j�s import penetration ratio, I �rst aggregate

the HS 10-digit imports (IM) up to HS 4-digit industrial level,
P
i IM

j
i . Simultaneously,

I also aggregate �rm i�s output, yi, up to China�s 2-digit sector classi�cations,
P
i y
j
i . Fi-

nally, I obtain industry j�s import penetration ratio impj as
P
i IM

j
i =
P
i y
j
i according to

the concordance between HS 4-digit level and China�s sector classi�cations 2-digit level. In

readers�convienence, I report the industral concrdance in Table 3. For robustness check, I

also use HS 10-digit level tari¤s data in 2001 which can be accessed from Customs Imports

and Export Tari¤ of the People�s Republic of China (2001).

Previous TFP literatures suggest that output should also be measured in physical

terms. Recent works like Felipe, Hasan, and McCombie (2004) emphasized the estimation

bias of using monetary term to measure output when estimating the production function.

In that way, what one actually did is to estimate an accounting identity. To get the precise

measurement of TFP, one should work on physical data, or at least, deal with de�ated

terms of output. However, like the problem that many previous researches encountered,

data on physical output are infeasible, I therefore de�ate each �rm�s output following

Amiti and Konings (2007).

Figure 1 shows the magnitudes of both import penetration ratio and TFP calculated

by the Olley-Pakes approach for each industry. Although I have data on �rm side for

each industry, products for some industries are non-tradable and hence no matching data

on import side. If the industrial data on either TFP or import penetration ratio are

unavailable, such an industry is dropped from my samples since I have no way to investigate
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the e¤ect of its trade liberalization on its productivity. As a result, 8 industries are dropped

and only 31 industries covered in the data set.7 Although most industries have positive

both TFP and import penetration ratio, a few exceptions occur: industries like coal,

foods, leather, petroleum, and smelting & pressing of furious metals have negative import

penetration ratio, which suggest that these industries su¤ers a �nancial loss on its sales.

On the other hand, the manufacture of smelting & pressing of furious metals also su¤ers

from a negative TFP. Yet, overall, Figure 1 reveals one important information that an

industrial import penetration ratio is positively associated with its TFP.

[Insert Figure 1 Here]

5 Empirical Results

5.1 Main Estimation Results

Table 4 reports the estimation results for equation (8). To consider the e¤ect of import

penetration ratio on TFP, I �rst run regression of TFP on import penetration ratio, a

dummy for export �rms, and their interaction term as a benchmark. The estimated

coe¢ cient of �1 in equation (8) is 0:019 which is signi�cant at conventional statistical

level. This suggests that strong trade liberalization tends to have high productivity gain.

As discussed above, some �rms could die and drop out next period due to their bad

operation or whatever other reasons. Ignoring such behaviors would cause the selection

bias problem. Therefore, I take �rms�dynamic behaviors into account for estimations in

7The 8 industries dropped are extraction of petroleum & natural gas, mining & processing of ferrous

metal ores, mining of other ores, footware and caps, recycling & disposal of waste, electrical power & heat

power, production & supply of gas, and production & supply of water.
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Columns (2)-(5) by adding a variable to measure whether a �rm exit from the market next

period. As shown from Table 4, �rms dropped out from the market have low productivity

compared to those not.

After controlling about �rm�s dynamic behaviors, Column (2) shows that �1 is much

lower (0:005) compared to that in Column (1). In addition, exporting �rms are found to

su¤er from trade liberalization within the period, possibly due to domestic real apprecia-

tion. Given that the mean of the variable of exporting �rms is 0:49, the net e¤ect of trade

liberalization on TFP is 0:001 (=0:005 � 0:007 � 0:49). Put another way, an increase in

import penetration ratio of 10 percentage points leads to 0:01 percentage of productivity

gain.

Turning to the e¤ect of �rm�s exporting behavior on TFP, from (10), an exporting �rm

would enjoy its productivity gain from channels like preferential taxation reduction policy.

As shown in Column (2) of Table 4, exporting �rms are 4:9 percent more productive on

average than non-exporting �rms. However, when taken the e¤ect of trade liberalization

into account, such a bene�t shrank. The estimated coe¢ cient of the interaction term

implies that exporting �rms are 0:7 percent less productive on average than those with-

out exports due, in large part, to the possible domestic real exchange rate appreciation

associated with trade liberalization. By putting these two e¤ects together, the net e¤ect

of exporting �rms on TFP is 4:56 (4:9� 0:7� 0:49) percent than non-exporting �rms.

Previous works also suggest that Stated-Own-Enterprises (SOEs) could have relative

low productivity compared to non-SOEs �rms due to their low e¢ ciency and impotent

incentive systems (Wu, 2005). I therefore include dummy of SOEs as a control variable
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in Column (3). It turns out that the coe¢ cient is negative but insigni�cant. I suspect

that the insigni�cant term is a¤ected by the corporate governance structure of �rms.

By de�nition, the SOEs is controlled by the government. However, central government

and local government have di¤erent economic interests. A local government usually gives

more bene�t to its SOEs controlled (Wu, 2005??). I therefore construct a dummy to

consider whether or not a SOE is controlled by the central government. It is expected

that such a dummy is negative since SOEs controlled by local governments usually have

incentive to try all means to increase their productivity so that they can share more bene�t.

As predicted, the interaction term between SOEs and the central-controlled dummy of

Column (4) is shown to be signi�cantly negative. Finally, foreign �rms are expected to

have high productivity due to their quick learning e¤ect or higher-quality inputs (Amiti

and Konings, 2007). I include FDI in Column (5) and found that it is negative, though

insigni�cant.

[Insert Table 4]

5.2 Choices of Depreciation Rates

One of the essential components to calculate the Olley-Pakes� TFP is to obtain data

on investment, which usually calculated by adopting the perpetual inventory method as

follows:

Iit = Kit � (1� �)Kit�1; (11)
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where Iit;Kit denotes investment and �xed capital in year t for �rm i, respectively.8 �

denotes a common depreciation rate across �rms and years given that China did not change

its depreciation rate over 1998-2002.

The only problem left to calculate investment is what is the appropriate value of

depreciation rate. As recommended by Perkins (1988) and Wang and Yao (2003), a

5% depreciation rate is a good choice since this number is adopted to calculate SOEs�

depreciation in the China�s Statistical Yearbook. However, some other researchers have

di¤erent views on this number. Liang (2006) suspect that the number should be 4%

instead. Amiti and Konings (2007) adopted 15% for Indonesia, another large developing

country. China indeed may adopt a number up to 16% as its depreciation rate in some

years in 1999s (Wang and Yao, 2003). Therefore, I allow the depreciation rate to show its

�exibility to form �rm�s investment level. Following Amiti and Konings (2007), I adopt

15% as a default number, but perform the robustness check by using 10%, 5%, and 4%

as alternative depreciation rates. As seen from Table 5, the estimation results are robust

by using di¤erent depreciation rates. The net e¤ect of import penetration ratio on �rm�s

productivity is signi�cant positive after adding the coe¢ cients of �̂1 and �̂3. Similarly,

exporting �rms have signi�cant high productivity than those non-exporting �rms.

[Insert Table 5 Here]

8Another way to form investment data is to use information on net physical capital by adoptting the

fomula Iit = Kit �NKit�1 where NKit�1 is �rm i�s net �xed assets in year t� 1: Since I only have data
on net physical capital for years 2000-2002, I rely my main estimations on raw physical capital data using

expression (11).

17



5.3 Speci�cations of Periodic Di¤erences

To reduce estimation bias caused by unobserved �rm heterogeneity, estimations in Tables

4-5 control for the �rm-speci�c and year-speci�c �xed e¤ects by adopting �rm�s annual

level data. However, some unobserved factors would be changed by �rms and by years.

One possible example is that taxation reduction policies in special economic zones (SEZ)

are varied by year, which also a¤ect the productivity of �rms whose bases are located in

these zones. The regular two-way �xed e¤ects seem not be able to fully control for this

omitted-variable problem.

To address this empirical challenge, I consider alternative econometric speci�cations

with data on periodic di¤erences, which are reported in Table 6. Since my samples cover

1999-2002, I consider several speci�cations from one to three periodic di¤erence(s).9 The

periodic di¤erences of import penetration ratio and exporting �rm�s dummy have expected

positive signs, which are consistent with those �ndings in Tables 4 and 5. The only

surprising matter is that coe¢ cients of the interaction term of import penetration ratio

and dummy for exporting �rms are positive and signi�cant in estimations for one and two

periodic di¤erence(s). This suggests that China�s exporting �rms enjoy the productivity

through the channel of trade liberalization. One possible reason is that such exporting

�rms also import products from abroad and then sale their products at home and abroad.

During this way, such exporting �rms�loss by domestic real appreciation is dominated by

its gain. If this conjecture makes sense, one would expect that the coe¢ cient of this term

9Although my data covers 1998-2002, to calculate the investment, one needs to use one year lag data.

Accordingly, only data for 1999-2002 are covered in my estimations.

18



would change its sign given that the ratio of China�s processing trade relative to ordinary

trade is diminishing over years. Column (5), in which speci�es 3-period di¤erence to

reduce measurement errors and possible serial correlation, shows that the coe¢ cient of

the interaction term is found to be signi�cant and negative when one uses data on year

2002 for estimation. These �ndings are consistent with those shown in Tables 4-5.

Finally, for each case, I also include the interaction term of province and year �xed

e¤ects to control for those unobserved factors varied by both �rms and years. The esti-

mation results are not sensitive no matter whether such �xed-e¤ects are considered. One

exception is for one-period di¤erence: the sign of change of import penetration ratio in

Column (2) is negative, but insigni�cant.

5.4 Alternative Trade Liberalization Measures

So far, I use import penetration ratio to measure trade liberalization. Another possible

way to measure trade liberalization is to use tari¤s. However, after China�access to WTO,

China relies on various non-tari¤s-barriers (NTBs) to protect its domestic industries. Ig-

noring the role of NTBs shall undermine or misunderstand the e¤ect of trade liberalization

on �rm�s TFP. With this caution in mind, I also estimate the e¤ects of tari¤s on �rm�s

TFP using one year cross-section data on 2001.10 I do not use panel data here for two

reasons. First, tari¤ data in 2000 is public inaccessible. More importantly, as introduced

above, China�s tari¤s did not decrease much during 1998-2002.

[Insert Figure 2 Here]

10The reason of choosing 2001 is in which China accede to WTO after its 15 years�long march. Readers

who are interested why takes so long for China to access to WTO can refer to Wong and Yu (2007).
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Figure 2 plots the relationship between tari¤s and TFP for each industry at the aggre-

gated level in year 2001. With di¤erent depreciation rates for �xed assets, one can obtain

di¤erent levels of TFP for plotting. From each �gure, it seems hard for us to observe a

negative relationship between tari¤s and industrial productivity. To carefully explore their

relation, I regress TFP only on tari¤s in Column (1) of Table 7 and �nd a striking positive

sign, which is signi�cant at conventional level. This �nding is di¤erent from traditional

wisdom that low tari¤s are associated with high �rm productivity (Amiti and Konings,

2007), I therefore regress equation (8) by replacing import penetration ratio with import

tari¤s, whose results are presented in the rest of Table 7.

[Insert Table 7 Here]

Estimation results in Columns (2)-(4) clearly suggest that industries with low tari¤s

tend to have low productivity. Taking estimates in Column (4) as an example, the net

e¤ect of tari¤s on �rms�TFP equals 0:006(=0:034 � 0:096 � 0:26) given that the mean

of exporting �rms�dummy is 0:26. Although the magnitude is small, it still conveys a

message that tari¤ reduction across sections even harms �rm productivity. However, this

is not necessarily con�icted with our previous �nding that trade liberalization, overall,

fosters �rm productivity. The main reason is that China still exists a lot of NTBs. A

simple tari¤ cut seems not helpful to improve �rm�s e¢ ciency since there are still strongly

protected by various NTBs. Of course, to completely verify this view, one ideal way to

�nd NTBs data, which are usually hard to access (and also unavailable for me now), to

check its e¤ect on �rm�s TFP.
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Turning to the e¤ects of exporting �rms on their productivity, estimates in Table

7 suggests that exporting �rms on average enjoy high productivity. As discussed above,

compared to non-exporting �rms, exporting �rms in China have the advantage of enjoying

low taxation. As expected, the estimated coe¢ cient of �̂2 is signi�cant and positive. Tari¤s

reduction lowers the cost of importing �rms, most of which also export products given that

China�s processing trade accounts for more than 50% of entire trade volume. Put another

way, the interaction term of exporting �rms and tari¤s is expected to be negative here,

which are also con�rmed in each column of Table 7. Finally, the net e¤ect of exporting

�rms on �rm productivity is shown to be positive: 0:172 (=0:197� 0:096� 0:26):

5.5 Endogeneity

Trade liberalization is not exogenously given but is indeed a¤ected by �rm productivity

With better performance, some �rms have strong incentive to expand their economic scale,

which in turn requires more inputs from international market. The strong demand from

�rms leads to more import penetration ratio for each industry. One needs to control for the

endogeneity of democracy in order to obtain the accurate estimated e¤ects of democracy

on trade. Otherwise, the related estimates would be suspect. The two-stage least squares

(TSLS) estimation is a powerful econometric method to address this problem.11

In the present paper I choose provincial government saving as the instrument for im-

port penetration. The economic rationale is as follows. As many economists like Krugman

(1998) emphasized, trade de�cit means, in essence, government de�cit. To reduce the siz-

11The TSLS approach is a good way to control for the endogeneity issues raised by various possible

sources: reverse causality (i.e., simultaneity), omitted variables, and measurement errors. Wooldridge

(2002, chapter 5) provides a careful scrutiny for this topic.
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able government de�cit, the government usually appreciates its currency to produce more

trade de�cit. Put another way, more government saving tends to have less trade de�cit.

Given others constant, an incremental amount of government saving is correlated with

lower import penetration. Another instrumental variable is the provincial unemployment

rate in each year. High import tari¤s increase �rm�s operation cost whereas domestic cur-

rency (RMB) appreciations undercut exporting �rm�s revenue, which forces �rms to lay

o¤ workers. Put another way, trade liberalization is highly associated with unemployment

rate.

I then perform several tests to verify whether these two instruments are good. First,

I perform Anderson�s (1984) canonical correlation likelihood-ratio test to check whether

or not the excluded instruments (i.e., government saving and unemployment rate) are

correlated with the endogenous regressors. The null hypothesis that the model is under

identi�ed is rejected at the 1% level. Second, I also take another step forward to see

whether or not government saving and unemployment rate are weakly correlated with

their democracy. If so, then the estimates will perform poorly in this TSLS. Luckily

enough, the Cragg and Donald (1993) F-statistics provide strong evidence to reject the

null hypothesis that the �rst stage is weakly identi�ed at a highly signi�cant level. Third,

the Anderson and Rubin (1949) �2 statistic rejects the null hypothesis that the coe¢ cients

of the endogenous regressors jointly equal zero. In short, such various statistical tests

give me su¢ cient con�dence that the instruments are well performed, and therefore, the

speci�cation is well indicated.
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[Insert Table 8 Here]

Columns (1)-(2) of Table 8 shows that, after controlling for the endogeneity, the import

penetration ratio has a direct positive e¤ect on �rm productivity. The interaction term of

the import penetration ratio and exporting �rm dummy is still signi�cant and negative,

which is consistent with our previous �ndings. The net e¤ect of trade liberalization on

�rm productivity is still positive (0:528� 0:532 � 0:57). Turning to the tari¤ sides shown

in Columns (3)-(4), we still observe that the net e¤ect of tari¤s on �rm productivity is

positive, which implies that the tari¤ reduction itself seems not helpful to improve �rm

productivity.

6 Concluding Remarks

In this paper I estimate the e¤ect of trade liberalization on �rm productivity in China.

After controlling for the �rms�dynamic behaviors and the endogeneity, I found that the

net e¤ect of trade liberalization in China on �rm�s total factor productivity is signi�cantly

positive. I decompose such an e¤ect into two channels: one is through the tougher import

competition from foreign �rms; the other is through the loss of exporting �rms which

could happened through the domestic real appreciation.

The present paper also enriches our understanding of China�s TFP. Possibly due to

poor data quality and methodology restriction, previous works found mixed �ndings on

China�s productivity improvement. By using a more reliable most disaggregated �rm-level

data on Chinese plants, I found that China�s TFP did increase in the last recent decade.
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I also apply the Olley-Pakes�empirical methodology to deal with the usual problems of

estimating TFP: simultaneous bias and selection bias.

Aside from using tari¤s, I use import penetration ratio to measure trade liberalization

in China since it also includes the e¤ect of NTBs. I found evidence that industries with

low tari¤s do not necessarily have high �rm productivity within the industry. This implies

that ignoring the role of NTBs could cause some estimation bias. Therefore, the import

penetration ratio is a more reliable indicator to measure trade liberalization, especially,

for China.

Finally, I also found evidence that, compared to those non-exporting �rms, exporting

�rms in China tend to have high productivity. One interesting question is that who is the

cause and who is the result. Previous work like Bernnard and Jensen (1999) showed that

good �rms lead to export. Firms export because they have high productivity. However,

this result is obtained by using the U.S. data. China�s economic structure is di¤erent from

the U.S. To some extents, China�s ongoing economic reform is unique. Therefore, whether

or not good �rms lead to export in China is one of the possible research topics for future

works.
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Table 1 Total Factor Productivity of Chinese Plants

Industry (code) # of Labor Materials Capital
Obs. OLS OP OLS OP OLS OP

Mining & Washing of Coal (6) 13,202 .092 .062 .431 .468 .382 .237
Extraction of Petroleum & Natural Gas (7) 399 .099 .048 .239 .210 .646 .592
Mining & Processing of Ferrous Metal Ores (8) 2,859 .125 .087 .466 .442 .299 .184
Mining & Processing of Non-Ferrous Metal (9) 4,455 .112 .126 .474 .484 .303 .154
Mining & Processing of Nonmetal Ores (10) 7,029 .131 .106 .473 .494 .213 .109
Processing of Food (13) 45,592 .170 .147 .508 .521 .304 .202
Manufacture of Foods (14) 19,327 .155 .141 .569 535 .359 .283
Manufacture of Beverages (15) 14,691 .150 .124 .463 .476 .410 .264
Manufacture of Tobacco (16) 1,482 .076 .078 .214 .224 .777 .510
Manufacture of Textile (17) 50,828 .137 .120 .341 .345 .296 .228
Manufacture of Textile Wearing Apparel, Foot-
ware and Caps (18)

31,167 .132 .104 .294 .287 .296 .276

Manufacture of Leather, Fur, & Feather (19) 15,404 .139 .107 .371 .385 .265 .212
Processing of Timber, Manufacture of Wood,
Bamboo, Rattan, Palm & Straw Products (20)

10,810 .148 .109 .457 .453 .238 .141

Manufacture of Furniture (21) 6,545 .142 .102 .427 .434 .294 .222
Manufacture of Paper & Paper Products (22) 22,042 .114 .086 .366 .378 .346 .226
Printing, Reproduction of Recording Media (23) 16,462 .128 .098 .502 .514 .381 .265
Manufacture of Articles For Culture, Education
& Sport Activities (24)

8,156 .141 .111 .291 .286 .343 .348

Processing of Petroleum, Coking, Processing of
Nuclear Fuel (25)

4,478 .109 .084 .343 .295 .469 .350

Manufacture of Raw Chemical Materials &
Chemical Products (26)

50,036 .140 .114 .366 .378 .352 .253

Manufacture of Medicines (27) 15,729 .119 .090 .359 .342 .404 .285
Manufacture of Chemical Fibers (28) 3,237 .155 .099 .301 .279 .371 .309
Manufacture of Rubber (29) 7428 .135 .115 .315 .336 .367 .267
Manufacture of Plastics (30) 27,847 .120 .106 .360 .352 .350 .268
Manufacture of Non-metallic Mineral Products
(31)

65,013 .111 .095 .389 .395 .334 .207

Smelting & Pressing of Ferrous Metals (32) 13,147 .148 .108 .419 .383 .339 .249
Smelting & Pressing of Non-ferrous Metals (33) 9,941 .133 .099 .369 .332 .319 .246
Manufacture of Metal Products (34) 33,014 .140 .117 .358 .354 .316 .252
Manufacture of General Purpose Machinery (35) 40,846 .159 .109 .423 .401 .203 .190
Manufacture of Special Purpose Machinery (36) 25,940 .174 .116 .502 .472 .271 .226
Manufacture of Transport Equipment (37) 30,125 .133 .102 .414 .415 .377 .309
Electrical Machinery & Equipment (39) 7,115 .211 .126 .715 .761 .045 .152
Manufacture of Communication Equipment,
Computers & Other Electronic Equipment (40)

27,042 .118 .094 .341 .345 .350 .328

Manufacture of Measuring Instruments & Ma-
chinery for Cultural Activity & O¢ ce Work (41)

14,696 .175 .100 .370 .338 .329 .361

Manufacture of Artwork (42) 7,687 .202 .111 .708 .466 .185 .208
Recycling & Disposal of Waste (43) 10,814 .201 .187 .335 .354 .272 .268
Electric Power & Heat Power (44) 23,437 .190 .082 .384 .316 .403 .379
Production & Supply of Gas (45) 1,509 .079 .039 .366 .330 .432 .382
Production & Supply of Water (46) 12,537 .069 .049 .324 .299 .523 .221
All industries 756,344 .150 .097 .439 .406 .307 .214
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Table 2A: Basic Information of Chinese Plants Data

Year 1998 1999 2000 2001 2002
Raw Observations 154,882 154,882 162,883 169,031 140,741
Filtered Observations 146,490 149,557 156,400 164,037 137,060
FDI Firms 107,178 107,178 119,556 131,168 100,63
SOE Firms 49,098 49,098 51,363 35,327 27,304

Table 2B: Summary Statistics (1998-2002)

Variables Obs. Mean Std.Dev. Min Max
Raw Fixed Assets 323,967 44,654.62 645,868.4 -5,659 1.34e+08
Operational Fixed Assets 221,732 44,573.17 695,733.8 -47,238 1.31e+08
Depreciation 221,732 18,663.7 359,921.8 0 7.15e+07
Net Fixed Assets 221,732 33,087.29 392,579.8 -9,059 6.44e+07
Output 323,967 56,212.92 464,044.1 -101,643 7.90e+07
Materials 221,732 48,099.08 340,671.7 -16,764 3.89e+07
Year 323,967 2,000.374 1.149 1,999 2,002
Valued Added 73,669 21,657.22 324,735.9 -2,4470 7.21e+07
Dummy of Exporting Firm 323,967 .490 .4999 0 1
Log Real Sale 323,967 4.847 1.735 -4.624 13.565
Log Employment 323,967 2.734 2.687 0 12.178
Log Real Materials 323,967 3.245 2.617 -4.963 12.943
WTO Dummy 323,967 .227 .419 0 1
Real Capital 323,967 458.832 6,531.45 -60.524 1,387,515
Dummy of Exit Next Year 323,967 .007 .083 0 1
Log Real Capital 323,967 4.166 1.782 -4.649 14.143
Lag of Real Capital 323,967 4.038 1.778 -4.620 14.009
Real Investment (depre.=15%)a 323,967 122.129 2,367.73 -250,643.5 677,841.1
Real Investment (depre.=10%) 323,967 102.329 2,194.49 -272,286 664,302.4
Real Investment (depre.= 5%) 323,967 82.528 2,044.45 -293,928.5 650,763.6
Real Investment (depre.= 4%) 323,967 78.56798 2,017.695 -298,257 648,055.9
Value-added Ratio to Saleb 71,632 .516 19.918 0 4,773
Harmonious System 8-Digit 323,967 5.31e+07 2.59e+07 2,032,900 9.62e+07
Import Penetration 323,967 40.149 714.282 .0002 111,664.1
Log of Import Penetration 323,967 1.576 2.276 -8.415 11.623
Dummy of SOE 323,967 .250 .433 0 1
Dummy of central-control 323,967 .014 .117 0 1
SOE-Central 323,967 .011 .106 0 1
FDI 323,967 .074 .261 0 1
ln(TFP) �Olley-Pakes 323,967 1.841 1.296 -9.522 8.142
ln(TFP) �OLS 323,967 1.863 1.302 -9.455 8.237
Notes: (a) I obtain di¤erent real investment by allowing di¤erent depreciation rates (depre.), respec-

tively. (b)The ratio of value-added relative to sale is dropped if it is lower than zero.
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Table 3 Concordance of Products

Industry (code) HS 2-Digit Customs Code
Mining & Washing of Coal (6) 27
Extraction of Petroleum & Natural Gas (7) 27
Mining & Processing of Ferrous Metal Ores (8) 26
Mining & Processing of Non-Ferrous Metal (9) 25, 26
Mining & Processing of Nonmetal Ores (10) 25,71
Processing of Food (13) 02,03,04,07,11,15,17,20,23
Manufacture of Foods (14) 04,17,19,21,22,23,25,76
Manufacture of Beverages (15) 09,20,22
Manufacture of Tobacco (16) 24
Manufacture of Textile (17) 50,51,52,53,54,56,60
Manufacture of Leather, Fur, & Feather (19) 41,42,43,64,67
Processing of Timber, Manufacture of Wood, Bamboo,
Rattan, Palm & Straw Products (20)

44,45,46

Manufacture of Furniture (21) 94
Manufacture of Paper & Paper Products (22) 48
Printing, Reproduction of Recording Media (23) 49
Manufacture of Articles For Culture, Education &
Sport Activities (24)

32,92,95,96

Processing of Petroleum, Coking, Processing of Nu-
clear Fuel (25)

27

Manufacture of Raw Chemical Materials & Chemical
Products (26)

28,29,31,32,33,34,38,39,40,54,55

Manufacture of Medicines (27) 30
Manufacture of Chemical Fibers (28) 47,54,55
Manufacture of Rubber (29) 40,64
Manufacture of Plastics (30) 30,39,64
Manufacture of Non-metallic Mineral Products (31) 13,25,68,69,70
Smelting & Pressing of Ferrous Metals (32) 72
Smelting & Pressing of Non-ferrous Metals (33) 28,74,75,76,78,80,81
Manufacture of Metal Products (34) 72,76,82,83,86
Manufacture of General Purpose Machinery (35) 84
Manufacture of Special Purpose Machinery (36) 84
Manufacture of Transport Equipment (37) 86,87,88,89
Electrical Machinery & Equipment (39) 85,94
Manufacture of Communication Equipment, Comput-
ers & Other Electronic Equipment (40)

85

Manufacture of Measuring Instruments & Machinery
for Cultural Activity & O¢ ce Work (41)

90,91

Manufacture of Artwork (42) 96,97
Recycling & Disposal of Waste (43)
Electric Power & Heat Power (44)
Production & Supply of Gas (45) 27
Production & Supply of Water (46) 30



Table 4: Benchmark Estimation Results
Dependent variable (lnTFPOPit ) (1) (2) (3) (4) (5)
Import Penetration (impit) .019** .005** .005** .006** .006**

(6.87) (2.59) (2.59) (2.62) (2.62)
Exporting Firm (EFit) .838** .049** .049** .049** .049**

(200.30) (10.05) (10.09) (10.03) (10.04)
(imp� EF )it -.015** -.007** -.007** -.008** -.008**

(-9.80) (-5.69) (-5.72) (-5.77) (-5.77)
Firm Exit in Next Year -.162** -.162** -.162** -.162**

(-3.39) (-3.40) (-3.40) (-3.40)
SOE Dummy -.017 -.015 -.015

(-1.40) (-1.22) (-1.22)
SOE�Central_control Dummy -.094**

(-5.13)
Foreign Direct Investment .003 .003 .003

(.26) (.27) (.23)
Firm Fixed E¤ects Yes Yes Yes Yes Yes
Year Fixed E¤ects Yes Yes Yes Yes Yes
Observations 301,148 301,148 301,148 301,148 301,148
R-square .695 .852 .852 .852 .852

Notes: Estimations in this table use data on raw �xed assets to measure physical assets. Following
Amiti-Konings(2007), the depreciation rate is taken as 15% to measure investment by using perpetual
inventory method. Dependant variables are logarithm of TFP_OP(Olley_Pakes approach). Robust t-
values corrected for clustering at the �rm level in parentheses. *(**) means signi�cant at the 10(5) percent
level.
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Table 5 Alternative Investment Measures

Dependant variable (1) (2) (3) (4)
ln(TFPOPit ) D.Rate(15%) D.Rate(10%) D.Rate(5%) D.Rate (4%)
Import Penetration .006** .005** .005** .005**

(2.62) (2.54) (2.34) (2.46)
Exporting Firm(EFit) .049** .049** .050** .050**

(10.04) (9.92) (10.62) (11.08)
IMPE�EF -.008** -.007** -.007** -.006**

(-5.77) (-5.20) (-5.14) (-4.75)
Firm Exit in Next Year -.162** -.162** -.123** -.130**

(-3.40) (-3.42) (-2.46) (-2.84)
SOE Firms -.015 -.012 -.012 -.012

(-1.22) (-0.95) (-0.97) (-0.93)
SOE�Central-Control -.094** -.088** -.090** -.085**

(-5.13) (-4.73) (-4.56) (-4.61)
Foreign Direct Investment .003 -.004 -.002 -.003

(.23) (-0.29) (-0.21) (-0.27)
Firm Fixed E¤ects Yes Yes Yes Yes
Year Fixed E¤ects Yes Yes Yes Yes
Observations 301,148 301,485 302,283 302,852
R-square .852 .850 .852 .855
Notes: Estimations in this table use data on raw �xed assets to measure physical assets. D. Rate n%

means taking a n% depreciation rate to measure investment by using perpetual inventory method (n take
15, 10, 4, and 5, respectively). Robust t-values corrected for clustering at the �rm level in parentheses.
*(**) means signi�cant at the 10(5) percent level.
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Table 6 Alternative Econometric Speci�cations

Dependant variable: 1-period Di¤erence 2-period Di¤erence 3-period Di¤erence
ln(TFPOPit ) (1) (2) (3) (4) (5) (6)
�Impeit .003* -.002 .012** .008** .005* .005*

(1.67) (-.88) (5.55) (3.72) (1.92) (1.92)
�EFit .051** .133** .018** .052** .007 .017**

(12.35) (26.38) (4.85) (12.46) (1.42) (3.42)
�(IMPE�EF )it .027** .022** .013** .008** -.009** -.007*

(6.48) (5.90) (5.32) (2.51) (-2.26) (-1.93)
Firm Exit in Next Year -.133** -.134** -.169** -.197** -236** -.237**

(-3.86) (-3.88) (-2.76) (-3.23) (-4.89) (-4.92)
�SOEit .101** .126** .117** .101** -.097 -.097

(3.73) (4.61) (4.25) (3.59) (-1.41) (-1.41)
�(SOE�Central-Control)it .067** .077** .123** .105** -.084 -.082

(4.87) (5.45) (5.32) (4.46) (-1.20) (-1.18)
�FDIit .001 .005 .003 .002 -.003 -.005

(.10) (.45) (0.36) (0.29) (-.22) (-.42)
Firm Fixed E¤ects Yes Yes Yes Yes Yes Yes
Year Fixed E¤ects Yes No Yes No Yes No
Province�Year Fixed E¤ects No Yes No Yes No Yes
Observations 154,550 152,550 78,489 78,489 31,214 31,214
R-square .689 .671 .594 .593 .004 .008
Notes: �Impeit denotes n-period di¤erence for import penetration (n=1,2,3). Similarly, �FXit

(�(IMPE�EF)it;�SOEit,�(SOE�Central-Control)it,�FDIit) denotes n-period di¤erence for dummy
of exporting �rm (interaction term of import penetration and exporting �rm�s dummy, dummy of stated-
own enterprises, whether the SOE is directly controlled by the central government, and foreign direct
investment, respectively). Robust t-values corrected for clustering at the �rm level in parentheses. *(**)
means signi�cant at the 10(5) percent level.
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Table 7 Endogeneity
Dependant variable: Import Penetration Tari¤s
ln(TFP_OP) (1) (2) (3) (4)
Impit 1.316** .528**

(3.93) (3.94)
EFit 2.494** 1.24** 1.237** 1.375**

(4.69) (5.82) (8.64) (7.59)
Tariffit 1.812** 2.063**

(7.19) (6.49)
(IMP�EF )it -1.319** -.532**

(-3.95) (-3.97)
(Tari¤�EF )it -1.857** -2.108**

(-7.42) (-6.67)
Firm Exit in Next Year -.244* -.271**

(-1.89) (-4.53)
SOEit -.217** -.329** -.358 -.365**

(-4.39) (-16.07) (-20.56) (-17.63)
(SOE�Central-Control)it -.109 .085* .335** .362**

(-.95) (1.75) (10.96) (10.39)
FDIit .048** .006 -.032** -.041**

(2.02) (0.64) (-3.05) (-3.22)
Firm Fixed E¤ects Yes Yes Yes Yes
F-statistics 16.26y 10.03y 90.84y 33.12y

Anderson Likelihood-ratio �2 statistic 26.90y 32.31y 101.26y 73.61y

Cragg-Donald �2 statistic 26.91y 32.32y 101.35y 73.67y

Anderson-Rubin �2 Statistic 362.47y 925.69y 114.83y 111.33y

Instrument(s) used Gov.Saving Gov.Saving Gov.Saving Gov.Saving
Unemployed Unemployed

Prob.>F or Prob.>�2 .000 .000 .000 .000
Observations 197,296 195,753 57,668 49,301

Notes: The logarithm of import penetration ratio (impit) is taken as an endogenous variable whose
instrument is government saving at province i in year t in Column (1) whereas are both government
saving and unemployment rate at province i in year t in Column (2). Columns (3)-(4) treats tari¤ as
the endogenous variable whose instruments are government saving at province i in year t in Column
(3) whereas are both government saving and unemployment rate at province i in year t in Column (4).
Robust t-values corrected for clustering at the �rm level in parentheses. *(**) means signi�cant at the
10(5) percent level.
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Table 8 Alternative Estimation Results: Tari¤s

Dependant variable: ln(TFP) (1) (2) (3) (4)
Tari¤it .065** .064** .062** .034**

(10.75) (7.92) (7.69) (4.39)
Exporting Firm (EFit) .211** .202** .197**

(25.72) (24.39) (23.65)
(Tari¤�EF)it -.092** -.093** -.096**

(-8.30) (-8.34) (-8.78)
SOE Dummy -.412**

(-49.52)
SOE�Central_control .274**

(12.66)
FDI Dummy .063** -.005

(10.83) (-.79)
Firm Fixed E¤ects Yes Yes Yes Yes
Province Fixed E¤ects Yes Yes Yes Yes
Observations 58,475 58,475 58,475 58,475
R-square .09 .09 .10 .17
Notes: In this table, the depreciation rate is taken as 15% to measure investment by using perpetual

inventory method. Dependant variables are logarithm of TFPOP (Olley_Pakes approach). In column
(4), the variable of Firm-Exit-Next-Year is excluded since this is a one-year (2001) cross-section regression.
Robust t-values corrected for clustering at the �rm level in parentheses. *(**) means signi�cant at the
10(5) percent level.
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Figure 1: TFP and Import Penetration Ratio for Each Industry

Notes: The import penetration ratio in the �gure above is measured by a logarithm form. An industry
with blank bar means that import penetration ratio or (and) TFP is (are) unavailable for such an industry
in the data set. As seen from the �gure above, for some industries such as manufacture of foods (14) and
smelting & pressing of ferrous metals (32), their magnitudes of TFP are much smaller than those of log
import impetration ratio.
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Figure 2: Tari¤s and TFP for Each Industry

Notes: The left-top �gure plots TFP and Tari¤s for each industry in which TFP is calculated using
the Olley-Pakes methodology and the depreciation rate is 15%. The right-top �gure specify the analogy
case with a 10% depreciation rate. The left-bottom (right-bottom) �gure is for the case with a 5% (4%)
depreciation rate, respectively. In each �gure, the two light lines describe the 95% con�dence interval based
on the standard error of the forecast (rather than mean), which is more useful for identifying outliers.
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