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Abstract

This paper examines a horizontal spillover effect of Special Economic Zones (SEZs)

built in China and analyzes their effects on firm productivity, wages, and labor market

competition. The study shows both empirically and theoretically that labor market

competition leads to negative spillovers. With positive assortative matching between

worker skills and firm technology, SEZs shift the zone firm productivity upwards, in-

crease wages, and are matched with a higher quality of labor. This results in a negative

net effect on non-zone firms with lower labor force quality and productivity. Conse-

quently, there is an overall positive welfare gain from SEZs, with welfare gain for zone

firms and welfare loss for non-zone firms. The analysis shows potential negative effects

of SEZs in terms of welfare distribution and firm performance in many other developing

countries.
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1 Introduction

Place-based industrial policy on economic development has been rigorously studied re-

cently, which explains many advantages for firms located in spatially targeted areas. Espe-

cially in developing countries, a good example of place-based industrial policies is Special

Economic Zones (SEZs). Nearly three-quarters of all countries have SEZs that manufacture

$7.5 trillion in gross output each year. In China, SEZs constitute 60% of exports and 5.2%

of total employment (Boyenge et al. 2007). Many developing countries use this placed-based

policy as a potential catalyst for development, as actively promoted by the World Bank

(Alder et al. 2016, Grant 2017).

An SEZ is an area where business and trade laws are different from the rest of the

country, in order to increase trade balance, employment, labor regulation, and investment.

SEZs contain geographic regions within a country with more liberal trade laws and policies.

The benefits of zone firms include producing and trading intermediate goods at a lower

price at lower taxes. SEZ firms are encouraged to export and have to pay additional tariffs

if they intend to import to domestic markets. This rule minimizes the direct impact on

local domestic competitors. The immediate impact of SEZs on the local economy is found

positive on GDP growth, productivity, export, employment, and investment (Wang 2013,

Alder et al. 2016, Zheng et al. 2017, Farole and Akinci 2011). The efficiency gain from mobile

workers and firms relocating across the boundaries of these zone areas generates spillover

questions as well. The empirical evidence on the spillover effect of these place-based policies

is mixed. Criscuolo et al. (2012) find positive spillovers through reallocation from non-

treated to treated firms within the same area. Neumark and Kolko (2010) find insignificant

employment spillovers of Californias enterprise zones and Martin et al. (2011) observe a

similar result for France. The policy has no robust effect on employment or exports. The

lack of certain conclusion on the spillover effect of SEZs encourages a reexamination of this

important research question. This paper examines whether SEZs in China create positive

spillovers to the local economy. Moreover, this paper also provide evidence justifying whether
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SEZ policies prevent direct competition with domestic firms.

Empirically, this study examines the horizontal spillover effect on firm productivity,

wages, and labor market competition using firm-level data in China. Many of earlier studies,

arguably due to data constraints, rely on aggregate city-level economic performance rather

than firm-level variations. Only a few empirical studies, using firm-level panel data from de-

veloping countries, find labor and productivity spillover across the border from SEZs. With

firm-level data, this paper is able to understand the distribution of gains from SEZ policies.

Moreover, this paper can also justify whether SEZs minimize the impact on local domestic

competitors at the micro level.

Using an instrumental variable to proxy the spillover effect of SEZs, the empirical esti-

mation implies that there is a negative net horizontal spillover on local non-zone firms in

the same industry and year 1. The empirical estimation improves the identification strategy

used for foreign direct investment (FDI) spillover and applies to the spillover of SEZs, taking

advantage of the relaxation of trade regulation on China’s World Trade Organization acces-

sion at the end of 2001. Since zone firms experience a positive effect through the relaxation

of FDI, lower imported tariffs, and open international markets, this paper is able to design

an exogenous difference-in-differences inspired instrument for the spillover term of SEZs by

comparing the treatment with the control group. The result shows that there is a negative

spillover effect of SEZ firms to other firms outside the zones in the same district, industry,

and year. Compared with other data studying SEZs, most of which use limited firm-level

data and a small set of firm time-varying variables, this paper takes advantage of the detailed

data from Chinese manufacturing firms and merges with SEZ public information from Wang

(2013) to assess the impact of the zone policy. Besides Zheng et al. (2017) who use firm-level

panel in eight major Chinese cities studying the effects of industrial parks policy. This is

the first paper to use rich nationwide manufacturing firm panels tracking the development

1Existing literature also shows positive agglomeration effects and spillover effects from foreign investment
to domestic firms (Hanlon and Miscio 2017, Kokko 1994, Blomström and Sjöholm 1999). There are potential
positive effects from SEZs but this paper only justifies the net effect. The negative labor competition effect
dominates the potential positive effects in this case.
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of SEZs. Lu et al. (2017) mention that the FDI horizontal spillover may capture the zone

effects if industries are differentially distributed in SEZs. However, they do not examine

the spillover effect directly from the data. By exploring comprehensive firm time-varying

variables including export decisions, export intensity, wage rate, firm types, revenue, sales,

and capital-labor ratio, this paper is able to control potential endogenous identity problems

in the estimation. By investigating the revenue, sales, and wages of non-zone firms under

this question, this paper also finds a negative spillover effect, therefore concluding a lim-

ited effect of SEZs on firms outside the target districts, especially in developing countries.

SEZ programs, according to the estimation, are not successful in minimizing the impact of

domestic competitors. Though the direct competition is prevented in the product market,

there are still negative spillovers on the labor market.

To further investigate causes of the negative spillover effect, this paper examines the labor

market effect mechanism. The decrease of non-zone firm productivity can be explained by the

change of labor assignment and selection effect. Because zone firms experience an increase

in productivity and are matched with a higher quality of labor force, firms outside the zone

area are left with lower labor quality. This labor market competition mechanism is evidenced

by the decline of non-zone firms wages and productivity.

This study builds a matching model between workers and firms based on a continuous

spectrum of workers’ quality and discrete levels of firm productivity to explain the mechanism

theoretically. When labor productivity is log-supermodular in productivity and skill, and

the labor market is competitive 2, there is a positive assortative matching between high-skill

workers and high-productive firms. Consequently, non-zone firms are matched with a lower

quality of labors after the introduction of SEZ in the district, and they experience decreasing

productivity. Calibrating the matching assignment model with General Methods of Moments

helps analyze the welfare effect and welfare distribution of the SEZ policy. In this case, non-

zone firms have a welfare loss. By contrast, zone firms gain major welfare improvement,

2Similar to the reasoning in Costinot and Vogel (2010) and Costinot and Vogel (2015)
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resulting in an overall positive welfare gain but uneven distribution among the two types of

firms. With the calibrated parameters, this paper also shows that there is a 6.28% increase in

the total welfare from SEZs. Though many papers with log supermodularity imply positive

assortative matching when workers sort across tasks or sectors (Sattinger 1975, Ohnsorge

and Trefler 2007, and Costinot and Vogel 2010), this is the first paper to examine the SEZ

welfare effect and its distribution among different types of firms by incorporating and solving

the matching problems.

The next section is the Literature Review. Section 3 explains the historical background

of SEZ policies. Section 4 discusses the data used. Section 5 explains the estimation strategy

of the spillover effect of SEZs on local non-zone firm productivity and offers possible interpre-

tations in terms of labor market competition. Section 6 develops and solves the theoretical

model in partial equilibrium and characterizes how SEZs shift the labor firm matching and

firm productivity. Section 7 presents the calibration of the model and Section 8 considers

the welfare analysis. The last section gives concluding remarks.

2 Literature Review

This paper directly relates to the literature studying the effect of SEZ policy conducted

in developing countries. Many studies discuss the demographic summaries about SEZs,

relying on comparisons of cross-sectional variation in economic performance rather than

econometric methodology. Khandelwal and Teachout (2016) examine the current state of

Myanmars industrial sector, draw comparisons to its neighboring countries, and discuss the

potential impacts of SEZ policy on the economy. Zeng (2015) provides a brief overview of the

different SEZ experiences in China and Africa and key lessons Africa can learn from China.

Farole and Akinci (2011) describe the broad range of modern economic zones worldwide.

There are also papers, both theoretical and empirical, studying the effect of SEZs on

aggregate district levels. Wang (2013) uses a panel of Chinese cities and finds positive
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effects of SEZ on FDI, exports, and the output of foreign enterprises. Alder et al. (2016) also

obtain the same result on comprehensive measures for the development of the local economy

and find consistent evidence of positive effects of SEZ on the periphery around the urban

core. An important difference for this analysis is that this paper justifies the effect of SEZs

on firm-level data and is able to distinguish the distribution of gains from SEZ programs.

A number of studies look at firm-level data. Located inside SEZ, firms export more, have

higher output per worker and higher capital intensity, but no higher TFP once selection

is controlled for (Schminke and Van Biesebroeck 2013). Davies et al. (2019) also argue

SEZ firms are 25% more likely to export than their non-SEZ counterparts at the extensive

margin. Defever et al. (2018) exploit the staggered removal of export share requirements

across products and over time in the SEZ of the Dominican Republic at the product and

firm levels. They show that making the Dominican SEZ regime WTO-compliant made SEZ

more attractive locations for exporters to be based in. The removal reform, however, did not

have a significant effect on the country’s exports or on the share of export value originating

from SEZ. Zheng et al. (2017) study local spillover effects of SEZ in eight Chinese cities

using firm-level data for the period 1998-2007. They find positive spillover effects of SEZ

on productivity and consumption in the area surrounding the SEZ. However, they only

test the spillovers on major cities in China, and SEZs are also implemented in rural areas.

This paper provides evidence on the spillover effect in a wider geographical and industrial

coverage. Through the expansion of SEZ policy across China, evaluating zones in districts

far from the center of the city would also be valuable, because industrial parks and economic

zones are usually located in undeveloped areas in order to stimulate local economy. The

other argument is that manufacturing enterprises are consistently located at small districts

around major cities. Much of the existing literature studies the spillover effect of foreign

direct investment with firm-level data. Lu et al. (2017) improve on the strategy used in

the literature to identify the spillover effect of horizontal FDI by taking advantage of the

plausibly exogenous relaxation of FDI regulations on China’s World Trade Organization
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accession. Based on this methodology, this paper incorporates the variation of districts and

justifies the spillovers of SEZs on Chinese domestic firms.

This study also relates more generally to a larger literature on labor assignment and

trade policies. Recent studies have revealed patterns on how labor matching and wage

inequality evolve in international markets or when trade is present (Costinot and Vogel

2010, Costinot and Vogel 2015, Sampson 2014, Monte 2011). This study contributes to the

empirical evidence explaining the change of labor quality in coordination with the market.

3 Background of Special Economic Zones

This section introduces the features of SEZs in general and then discusses in detail the

conduction of SEZ policy in China. After the founding of Silicon Valley in 1951, more

and more regions developed booming economic zones with rapid development of science

and technology. SEZs have a long-established role in international trade. According to the

World Banks definition, SEZs include Export Processing Zones, Technical Innovation Parks,

Industrial Parks, Enterprise Zones, and Bank-Free Zones. SEZs are normally established

with the aim of achieving one or more of these policy objectives: (1) to attract foreign

direct investment, (2) to serve as pressure valves to alleviate large scale unemployment, (3)

to support wider economic reform strategy, and (4) to apply new policies and approaches.

In achieving these objectives, SEZs have had a mixed record of success. Therefore, it is

particularly important to establish a rigorous and effective evaluation of SEZs. By estimating

the effect of economic zones on local non-zone plants and firms, this paper is able to explain

the partial effect of economic zones in China, especially from the perspective of firm growth

and labor market employment. These results could also be extended to explain similar

examples in other developing countries.

China’s experience with SEZs has developed over time. It began in the early 1980s

when market-oriented reform was introduced in selected SEZ areas such as Shenzhen, next
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to Hongkong. The earliest established SEZ is the Dalian Economic Zone, which started

construction at the end of 1984, with many other SEZs approved in the same year. These were

followed by a large expansion of open coastal city SEZ establishments, designed to stimulate

economic growth, improve technology, and accelerate capitalization. According to Chinese

government official documents and Wang (2013), the People’s Congress passed the first

regulation for the Dalian SEZ and started its construction in October of 1984. This explicitly

provided several policy packages for potential investors. First, the SEZ encouraged foreign

investors to set up enterprises and other establishments on their own or in joint ventures with

Chinese partners. Second, potential investors were promised a reduced corporate income tax

rate at 15-24% on the basis of the technological content of their product, compared with

the 33% paid by domestic firms. The SEZ firms also had no customs duties and received

duty-free allowances for production materials. Third, SEZ enterprises could lawfully obtain

the rights for land development and business use. As SEZs expanded to other provinces and

locations, zone firms also received other associate benefits, especially the benefits from the

labor market. Employees of SEZ enterprises are given extra personal income tax reduction,

house allowance, and Hukou registration preferential policy 3.

According to one of the SEZ investment guides for Lisha Island Fine Chemicals Industrial

Park, an industrial cluster in Guandong Province, there are criteria to select companies to

move into the zone. To own land, the SEZs require that the investment is no less than 5

million RMB/ mu4, tax intensity no less than 0.5 million RMB/mu and land buying price no

less than 0.5 million RMB/mu. To lease land, the total investment should not be less than 3

million RMB/mu and the first land leasehold is 20 years, which includes priority for renewal.

Enterprises with higher capability and investment amount are selected into SEZ with higher

priority. In order to receive the additional tax reduction incentive and attract high skilled

workers, SEZ enterprises have to pay high initial investment and fixed cost. SEZ firms also

3A household registration record officially identifies a person as a resident of an area and includes iden-
tifying information such as name, parents, spouse, and date of birth. Urban and rural residents receive
benefits that ranged from retirement pension to education to health care.

4Mu is a unit of land area in China. 1 mu = 0.165 acres.
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contribute to the infrastructure construction and socially integrated service systems in the

zones such as business, taxation, finance, and insurance.

4 Data

This paper uses the data from the Annual Survey of Industrial Firms in China that

includes information about the production, employment, revenues, expenses, fixed assets,

total wage bills and trade patterns of firms. Combining with the public available SEZ

information, we identify the spillover effect of SEZ firms and analyze the performance of

firms outside the zone under such effect.

We obtain the plant-level data from the Annual Survey of Industrial Firms (ASIF) con-

ducted by the National Bureau of Statistics (NBS) of China between 1998 and 2007. This

sample constitutes approximately 95% of total Chinese industrial outputs and 98% of Chinese

industrial exports (Upward et al. 2013). The survey data covers firm-level basic information

and financial data, including both state-owned enterprises (SOE) and non-SOE with sales

revenue larger than 5 million Chinese yuan. The industries covered by the data include min-

ing, production and supply of electricity, gas and water, and manufacturing, which account

for over 90% of all firms in China. Following the study of Brandt et al. (2012), we match the

firms over time as an unbalanced panel data, and process the data according to the industry

concordances replacement in 2003 in order to achieve consistency in the industry codes over

the entire sample period (Lu et al. 2017).

To obtain detailed information of the SEZ dummy variable, this paper applies the data

of SEZ public information following the construction of Wang (2013) and merges it with the

ASIF data by the 6-digit zip codes 5. The firm is classified as a zone firm if its zip code is

matched with a SEZ zip code. Otherwise, the firm is classified as a non-zone firm, which is

out of the SEZ district.

Table 1 describes the characteristics of firms in SEZs and non-SEZs for the entire, pre-

56-digit zip code is the smallest district code available in China detailed at street level.
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WTO, and post-WTO periods. This paper considers three estimations of total factor pro-

ductivity (TFP), as Cobb-Douglas production function estimation (OLS), Olley and Pakes

(1996) (OP) and Levinsohn and Petrin (2003) (LP). The details of productivity estimation

is shown in Appendix A. OP is used as the benchmark TFP estimation in the analysis and

the main results associated with OLS and LP are shown in the robustness tests. With regard

to TFP calculated by OP and OLS, the simple average TFP of zone firms is smaller than

that by LP. Nevertheless, the TFP estimated by LP for zone firms is higher than that of

non-zone firms for the entire period. Descriptive facts in Appendix B show that SEZ firms

are more productive than non-zone firms, controlling for other relevant variables and fixed

effects.

Before the 2001 WTO accession, the TFP of non-zone firms surpasses that of other

firms in the SEZ, while after 2001, the TFP of zone firms exceeds that of the non-zone firms.

Industrial output, revenue, wage, and employment of zone firms are larger than those of non-

zone firms, which indicates that firms in the SEZs perform better in terms of production

and wage. The capital-labor ratio and the new product intensity of zone firms are higher,

signifying that SEZs obviously improves the quality of labor force, firm performance, and

innovation ability. Moreover, the percentage of foreign-owned firms, the ratio of SOE, the

ratio of exporting firms, and export intensity in SEZs are higher as well. Zone firms are

capable of absorbing more foreign investment and exporting a greater amount of goods,

which are consistent with other literature (Lu et al. 2017, Davies et al. 2018). Furthermore,

the average levels of SEZ firm production, innovation, and labor employment are higher

both in the pre-WTO and post-WTO periods. Before WTO accession, the percentage of

foreign-owned firms was close to zero, while the ratio grows to 0.055 and 0.031 for zone

and non-zone firms respectively. Additionally, the proportion of SOE in SEZ decreases from

0.257 to 0.089. At last, the ratio of SEZ firm output to the total industrial output within

an industry increases from 0.158 to 0.202 upon Chinas WTO accession at the end of 2001.

In summary, regardless pre-WTO or post-WTO period, zone firms have relatively higher
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productivity, sales, revenues, FDI ratio, SOE ratio, extensive and intensive trade margins.

China’s accession to the WTO indicates an increase in all firm productivity, industrial output,

and other performances significantly according to the summary statistics.

5 Estimation Specification

5.1 SEZ firms and non-SEZ firms comparison

This paper first shows the TFP difference between SEZ firms and non-zone firms before

discussing the spillover effect. Similar to exporting firms, SEZ firms paying higher initial

fixed cost and investment shall have higher productivity according to Melitz (2003) model

based on the background introduced previously. Empirically, this evidence illustrates that

zone firms have statistically significant higher productivity compared with non-zone firms,

controlling for other time-varying variables and fixed effects as seen in Appendix B. Based

on this fact, this paper is able to continue with the estimation of spillover effect since zone

firms are superior in terms of TFP and other advantages. SEZs may have positive spillover

effects to the surrounding firms, which are the expected consequences that governments

would achieve with this policy.

5.2 Definition of the spillover

Before introducing the estimation specification, this study defines the regressor of interest,

the spillover effect of SEZs. The SEZ horizontal spillover effect captures the extent of zone

firms in industry i, district d, and year t. The measurement of spillover factor follows the

standard estimation of the FDI horizontal spillover effect (Lu et al. (2017)), i.e,

SEZSPidt =

∑
f∈Ωidt

Outputfidt∑
f∈∆idt

Outputfidt
,

where Outputfidt measures the industrial output of firm f of industry i at district d in year
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t. The spillover effect is the ratio of firm output in the SEZ over that of all firms in the same

district, same industry and same year. Ωidt is the set of SEZ firms in industry i, district t,

and year t. ∆idt is the set of all firms in industry i, district t, and year t.

Spillovers can also be understood as the effect of a SEZ’s existence in a particular district

and industry. Therefore, this paper also examines the dummy variable that explains the

existence of a SEZ in the district and industry. The difference between these two definitions

is that the first one takes the ratio reflecting the relative size of the effect of zone firms

compared to non-zone firms, and the second one only takes binary values such that it equals

to 1 if the SEZ exists.

5.3 Estimation specification

To examine the change of productivity with respect to the existence of SEZ, this paper

estimates the spillover effect of zone firms on non-zone firm performance yfidt.

yfidt = β1SEZSPidt +X ′fitφ+ λf + λt + λd + λi + εfidt , (1)

where f , i, d, t denote the firm, four-digit CIC industry 6, district and year respectively.7 yfidt

is the productivity of each firm. SEZSPidt is the regressor of interest, using two different

definitions above. Xfit are firm level control variables used to isolate the SEZ spillover

effect. In addition, the estimation also controls a full set of 4-digit CIC industry dummies

λi, district dummies λd, year dummies λt, and firm fixed effect λf . Then the regressor of

interest examines the within-firm change of productivity due to the adjustment of the relative

size of SEZs in the same industry and district.

As this study concerns the spillover effect of zones on neighboring firms, we only test

on samples of all non-zone firms in the period of 1998-2007. In addition, the regression is

verified on the subsample of firms that do not change their plant locations and industrial

6The China Industry Classification system
7The district d is city based district categorization.
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products when a new local SEZ is set up in the period.

The rest of the estimation focuses on the first measurement of the spillover effect. The

first standard measure of the SEZ spillover effect may encounter identification concerns.

Firstly, it does not rule out the effect of a sudden decrease of non-zone firm productivity.

To the extent that the shock of productivity is either for zone firms or non-zone firms, the

use of total output ratio in the district would overestimate the spillover effect in the area.

SEZ policy could target China’s comparatively disadvantageous industries, where non-zone

firms already have lower productivity levels. The decreasing productivity of non-zone firms

is not caused by SEZ expansion; this would cause a bias toward a negative effect of SEZ

spillover on non-zone firms. Secondly, some zones may be unsuccessful and experience a

larger decrease of output production. If zone firm output decreases more proportionally

than that of non-zone firms, using only the industrial output ratio as the sign of spillover

effect may underestimate the true effect.

To approach the above issues, we initially include many time-varying firm-level control

variables and industry characteristics to isolate the SEZ spillover effect. The control variables

include capital-labor ratio, firm’s export decision, state-owned firm, foreign capital owned

firm and material cost. There are also results available in the Appendix C without control

variables.

To further deal with the identification problem, we use an instrument to identify the

SEZ spillover effect on non-zone firms. The instrument uses variations across industries

in the changes upon China’s WTO accession, compares the firm performance in the SEZ

encouraged industries (treatment group) with the no-change industries (control group) before

and after the end of 2001 8 , and then is adjusted by district varied variables. Using an

adjusted difference-in-differences inspired instrumental variable, the identification problem

is well defined and shows unbiased estimation. The instrumental variable is an adjusted IV

8We ranked the industries according to their share of special economic firms in the beginning year of the
panel. We then picked the top 75% percentile industry as the special economic zones concentrated industries
and the rest as unconcentrated industries.
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that has been previously used to study the FDI spillover (Lu et al. 2017). The IV for SEZ

spillover effect adds district variation to capture the difference of SEZ spillover on different

locations. The first stage of the IV estimation is

SEZSPidt = γTreatmenti ∗ Aftert ∗ ln (exportd) +X ′idtφ+ λt + λi + λd + εidt , (2)

where Treatmenti indicates whether industry i belongs to the treatment group and Aftert is

a dummy variable indicating the post-WTO period with After = 1 if t > 2002, After = 3/4

if t = 2002, After = 0 if t < 2002.9 The district variation ln (exportd) employs the log of

export amount in each district in the year of 1997, which is the earliest available data of city

level export volume. One concern with the district variable is that the export amount in 1997

may be affected by the set up of SEZs before 1997 in some areas. To address this concern,

there are also robustness checks utilizing predicted export amount back to 1984 when no

SEZ was implemented in China. This paper also checks the main result using the sample of

firms after 1997. Then, the fitted value is applied as the instrument for SEZ spillover effect

in the standard linear IV estimation.

5.4 Identifying instrument assumptions

According to the standard instrumental variable estimation method, the IV is valid when

the following two conditions are satisfied. (1) The relevance condition: the share of SEZ firm

output increases more in the treatment group (SEZ encouraged industries) than in the control

group (industries not significantly affected by SEZs) upon China’s accession to the WTO. (2)

The exclusion restriction condition: variations across industries in the changes upon China’s

accession to WTO only affect the firm-level productivity through the channel of SEZ spillover

and are not correlated with any other omitted variables or error terms. For the first relevance

9Aftert is 3/4 for 2002, as the Industry Catalogue following WTO accession was implemented on April
1, 2002. This method follows Lu et al. (2017). The results remain robust when Aftert equals 1 for 2002 in
Appendix C.
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condition, according to China’s WTO accession protocol, WTO accession benefits SEZs by

attracting more foreign capital investment with open trade policies. Those special economic

areas enjoyed greater flexibility in utilizing foreign capital, introducing foreign technology

and conducting economic cooperation overseas. At present, foreign investors are entitled

to certain preferential treatment(Farole and Akinci 2011). Moreover, since SEZs have a

relatively higher proportion of foreign direct investment shown in the summary statistics

and other literature (Lu et al. 2017) , the relevance condition is true. In addition, the

significance of the first stage in the IV estimation can also reflect the relevance condition.

According to the exclusion restriction, adding year-varying variables correlated with the

productivity into the regression would help with the identification. Moreover, the mechanism

of the difference-in-differences adjusted instrument can eliminate the endogeneity problem

once the assumption of DID is valid. Therefore, the next step is to validate the exclusion

restriction on the DID identification. This is to say, conditional on all the firm-level controls,

the instrumental variable is uncorrelated with the error term in Equation 1. We examine

these possible estimation biases in the following ways. First, we use the pre-trends in order

to test the pre-treatment parallel condition between treatment group and control group. In

order to validate the parallel condition of the DID method, we show the pre-trend data are

parallel according to Table 3. Treatment dummy is not statistically significant with the SEZ

spillover effect. Second, once the DID set up is approved, the district variation uses 1997

city level export volume and 1984 predicted city level export volume to eliminate the district

variation bias.

5.5 Main results

Table 2 reports the instrumental variable estimation, with both first-stage and second-

stage results. Controlling firm, year, industry and district fixed effects, the estimation also

includes other firm time-varying variables to isolate the effect of SEZ spillovers from other

confounding factors.
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According to the first-stage regression, the instrument constructed has a positive sta-

tistically significant effect on the spillover effect, which casts a negative and statistically

significant effect on firm productivity. These results confirm that, within firms, SEZ firms

have a negative horizontal spillover effect on the productivity of other firms outside the zones.

The presence of SEZ firms in the same industry and district damages the productivity levels

of non-zone firms.

The reduced-form estimation results, where productivity is regressed directly on the

instrumental variable with the same set of controls, show the estimated coefficient is statis-

tically significant and negative. The relevance condition is satisfied according to both the

reduced-form regression and the first-stage regression.

The IV estimation confirms the negative spillover effect of SEZs. Compared with the IV

coefficient, the OLS result is smaller and reflects that it underestimates the result. The OLS

estimator is downward biased, possibly due to the omitted variable that is the amount of

fluctuation in both firm outputs. If the share of SEZ firms in the same industry and district

increases by 10%, the productivity of non-zone firms drops by 0.217 or 21% of the sample

mean.

5.6 Robustness checks

This section provides several robustness checks on results to address some estimation

issues stated above.

5.6.1 IV using predicted export data

In order to eliminate the endogeneity problem of the districts’ export amount in the

instrument, we use the predicted export volume in 1984, when the SEZ Policy had not

been conducted in China, as one robustness check. Since there is no available district level

export volume data back to 1980s, this paper takes advantage of the gravity model to

predict the export amount in the past year. We conduct prediction using 1997 district-
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level export data 10 and district demographic characteristics such as population, geographic

areas, if the district is landlocked, and the east, west, central location of the district. The

prediction details are explained in Appendix C. This estimation result is reported in Table

4. Compared with the instrument using 1997 export data, the 1984 export data instrument

also shows a statistically significant and negative coefficient, representing a negative effect of

the SEZ spillover.11 Compared with the previous instrument, the coefficient is smaller but

still significantly negative. We also test all firms that set up after 1997 in order to eliminate

the correlation between SEZs and district export volume. The coefficient is smaller and still

significantly negative.

5.6.2 Testing state-owned firms’ effect

A problem with the instrument involves the timing of other policy reforms which may

affect the outcomes at the time of China’s WTO accession. It may bias the estimation of SEZ

spillover effect. At the beginning of the 2000s, an important policy was the restructuring

and privatization of state-owned firms. In order to eliminate the effect of this privatization

progress throughout China, we add an interaction term of the state-owned dummy with year

effect along with other control variables in the baseline regression. Table 4 reflects that there

is still a significantly negative spillover effect even controlling for the interaction terms.

5.6.3 Alternative measurement of TFP

In the baseline analysis, the paper uses Olley and Pakes (1996) to estimate firm produc-

tivity. To check whether the results are sensitive to this method, we also use the ordinary

least square regression Cobb-Douglas production function and Levinsohn and Petrin (2003),

shown in Appendix A. The estimations are reported in Table 4. All results are consistent with

the main estimations, representing that the finding are not driven by a particular method of

10The earliest available district level export data
11Since demographic data in 1984 is the earliest available in China and the first SEZ started at the end

of the year, we use 1984 as our predicted data to eliminate the potential effect of SEZs on firms.
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TFP estimation.

5.6.4 Other measures of firm performance

In order to examine comprehensive effects of SEZs, we also include other firm-level vari-

ables as the measurement of firm performance. It might be the case that firms could benefit

from perspectives other than the production efficiency. The second-stage results of the instru-

mental variable are presented in Table 4 as well. Based on the results, except capital-labor

ratio, all other firm performance including the log of revenue, the log of sales, export deci-

sions, and new product intensity all have negative coefficients. But the revenue and sales’

coefficients are smaller than the productivity of the firms, reflecting a mild negative spillover

effect. New product intensity is just significant and negatively affected by the spillover with

similar economic magnitude. The export decision of non-zone firms are not affected accord-

ing to the non-significant coefficient, but the export intensity is significantly affected and

reduced with the presence of SEZ firms in the same industry.

5.6.5 Using matched samples

According to the Difference-in-Differences method, there may be a selection issue in

the treatment and control groups, as industries with more SEZ firms usually have higher

productivity. This may result in a different distribution of the treatment and control groups.

To deal with this selection problem, this paper uses the propensity score matching to obtain

a matched sample of both groups. The results are presented in Table C5. The negative

spillovers of SEZs are still robust for matched samples after controlling fixed effects and time

varying variables. The magnitude is smaller than the benchmark result.

5.7 Reasons of the negative spillover effect

In general, there are many reasons to explain the spillover effect. The geographic con-

centration of economic activities is a crucial way to facilitate the development of economies
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through positive externalities of endowment clusters such as labor, technology, capital (Davis

and Weinstein 2002, Kantor and Whalley 2014). From the point of view of the labor em-

ployment, thicker labor market 12 is associated with higher quality employers, which offers

high wage and priority policy. Furthermore, skill-augmenting firms are always positively

matched with actively technological innovation (Sampson 2014, Costinot and Vogel 2010,

Costinot and Vogel 2015), leading to the variation of productivity. International trade and

imported intermediates improve the matching between workers and firms and induce firms

to switch technologies and change productivity (Yeaple 2005, Pellandra 2013). This section

further discusses the potential channels of the negative spillover effect of SEZ share on TFP

of non-zone firms mainly from the perspective of the labor market.

When considering the local labor market effect, we investigate the wage level, a proxy of

labor quality, to study SEZ spillover via the labor channel, which is the potential explanation

for the reduction of non-zone firm TFP. The competition of human capital between zone firms

and non-zone firms could be another mechanism. We first test the relationship between SEZ

share and average wage based on IV regressions as

avewagefidt = β1SEZSPidt +X ′fitφ+ λf + λt + λd + λi + εfidt , (3)

where the outcome variable is the log of average wage of each non-zone firm. As shown in the

first column of Table 5, there is a negative and significant correlation, which indicates that

SEZ spillover decreases the average wage of non-zone firms. Then, we further separate the

regression into two groups as high input tariff group and low input tariff group. High input

tariff group is defined as the group of non-zone firms that produce relatively high quality

products and have higher imported tariffs on their inputs. They can be viewed as main

competitors of firms in the zone. On the contrary, low input tariff group contains non-zone

firms that produce relatively low quality products and low intermediate input tariffs, not

12Large amount of labor supply.
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the main competitors of firms in the zone. 13 The impact estimator (β1) is -1.506 for the

high tariff group while -1.297 for the low tariff group based on the second-stage results in

columns (2) and (3). Hence, compared with the low input tariff group, competitors of firms

in zones suffer from a larger significantly negative effect at 1% significance level. The level

of the average wage is an approximation for the labor quality employed in each firm. Since

there is no available data on the labor employment quality, the average wage is a proxy to

study that SEZ firms absorb high quality labors from other local firms. The low quality

labor left in these local non-zone firms is correlated to the negative change of productivity,

which is shown below. The following regression explores the impact of average wage changes

on TFP.

yfidt = α1avewageidt +X ′fitφ+ λf + λt + λd + λi + εfidt , (4)

where yfidt represents the TFP(OP) of non-zone firms. Columns (4) in Table 5 shows that

average wage exerts a positive effect on non-zone firm TFP. The increase of average wage or

labor quality helps improve the productivity of firms, and vice versa. Overall, the impact

channel of the labor market can be interpreted as: SEZ spillover cuts down the average wage

level or labor quality of non-zone firms, especially for competitors of SEZ firms with higher

input tariff. Thus, the labor effect decreases the TFP of non-zone firms. This happens

because with the share of SEZ firms increase , firms in zones experience higher productivity

and offer higher wage to attract more skilled labors, resulting in the loss of high-quality

workers in non-zone firms around. The non-zone firms are not competitive in the labor

pooling process and experience decreasing productivity.

13The ASIF data does not have intermediate input tariffs collected, so we use China’s 2002 Input-Output
(or IO) table and product information of each firm to obtain an approximated intermediate input tariffs
faced by each firm based on their major product produced. The industries in the ASIF data are more
disaggregated than the sectors in China’s IO table. Hence, we compile a concordance table to link four-digit
CIC industries in the ASIF data with IO sectors, and to measure the extent of tariffs at the broad level of
IO sectors. The high and low input tariff groups are defined according to the medium of firms’ input tariffs.
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6 Theoretical Framework

Previous empirical evidence shows that SEZs lead to a negative horizontal spillover effect

for firms outside, especially from the point of view of the labor market competition. This

study also presents a theoretical model of firms that can explain these stylized facts on firm

productivity and wages. Assume there is a continuum of final good producers, each of which

produces a different variety. The model is built on two types of firms: high technology zone

firms and low technology non-zone firms differentiated by the quality of labor usage. It

allows capturing the change of labor usage before and after the implementation of the SEZ

policy. Firstly, the consumer problem is discussed, followed by the static profit maximization

problem of producers. Then, the labor choice is presented to distinguish the differences

between zone firms and non-zone firms.

6.1 Consumers problem

Consider a region that is a small economy. Within the region, there are two types of

firms, high technology (h) zone firms and low technology (l) non-zone firms. The mass of

each type of firm, Mh and M l, is fixed. Each firm produces a unique variety of differentiated

product. There is a mass of available products each of which is indexed by j. The total

mass of products is represented by J . Consumers have a taste for variety with the elasticity

of substitution σ > 1. The consumption function is,

C =

(∫
j∈J

y(j)
σ−1
σ dj

) σ
σ−1

. (5)

The demand of consumers for each variety is given by,

D = y(j) = C
( p
P

)−σ
= Bp−σ. (6)
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B includes the overall price index P. Assuming that the mass of firms within the region is

small relative to that of a broader economy and the trade in goods is free, B is treated as a

constant. p is the individual product price.

6.2 Intermediate goods producers problem

In the intermediate goods sector, denote the quantity of intermediate input as m(z) used

by the firm type z ∈ {h, l} provided from the outside market. The price of intermediate

goods is exogenous given pm, as the small economy cannot affect the intermediate price.

When there is no SEZ policy, the price of intermediate goods is the same for all firms. When

firms enter the zone, intermediate inputs price falls to pmφ, where 0 < φ < 1. Firms in the

zone pay a fixed cost f in order to enjoy a lower variable cost of the intermediate inputs.

6.3 Final goods producers problem

This section solves the producer’s decision problem regarding the firm decision whether

to enter the zone or not. The production of each variety requires both the employment of

labor and the usage of intermediate goods. Firms using intermediate inputs incur a fixed

cost f in the zone. The specification of the production function follows the Cobb-Douglas

production function by incorporating importing decision to the firm optimization problem.

For each type of firms, production function of each firm is,

y(z) = x(z)αm(z)1−α , (7)

where x(z) shows the composite of labor, m(z) shows the unit of intermediate goods employed

in the production. The labor share in the production is represented by 0 < α < 1.

The solution of the final good producer’s static optimization problem is given in Appendix

D. In the solution, the price of the final good expressed by labor wage and intermediate inputs
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price is found as

p =
σ

σ − 1

c(z)α

αα(1− α)1−αpα−1
m

. (8)

The amount of intermediate inputs usage and the composite of labor can be written as the

following

m(z) =
c(z)

pm

1− α
α

x(z) , (9)

x(z) = Bb(
σ

σ − 1
)−σc(z)−σα−1+α , (10)

where b =
(

α
1−α

)1−α
((1− α)1−ααα)

σ
p

(σ−1)(α−1)
m .

6.4 Labor choice problem

Now consider the choice of labor in the production process. Firms first choose the level of

labors and then decide the final good production. In this section, workers differ according to

continuum of different skill levels, indexed by θ on the interval
[
θ, θ
]

. Let G (θ) denotes the

supply of workers with skill no greater than θ. The output of a firm labor input proportion

of type z ∈ [l, h] is determined by,

x(z) =

∫ θ

θ

A (z, θ)L (z, θ) dθ , (11)

where A (z, θ) is the productivity of labor of skill θ operating at a type z firm and L (z, θ)

is the corresponding employment level. The technology and skill levels are assumed to be

complements. In particular, assume A (h, θ) /A(l, θ) is strictly increasing θ. This is similar

to positive assortive matching, which guarantees high technology firms will match with high

quality labors. This is an important assumption in the model setting and is consistent with

many other theoretical and empirical findings (Costinot and Vogel 2010, Costinot and Vogel

2015, Sampson 2014).

The unit cost of labor composite for a type z firm depends on the wage schedule w (θ)
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as follows:

c(z) =

∫ θ

θ

w (θ) a (z, θ) dθ , (12)

where a(z, θ) ≡ L(z,θ)
x(z)

. Cost minimization problem is also presented in Appendix D, which

implies

w (θ) = c(z)A (z, θ) . (13)

Consider a skill level employed by both zone and non-zone firms. This would imply that,

c (l)

c(h)
=
A (h, θ)

A (l, θ)
. (14)

As the right hand side of (14) is strictly increasing in θ, there must be a single critical skill

level θ∗, such that all θ ≤ θ∗ are employed by non-zone firms l, and all θ ≥ θ∗ are employed

by zone firms h. This is directly related to positive assortive matching intuition.

6.5 Labor market clear

Integrating over all firms and setting labor demand equal to labor supply, the labor market

clearing problem employed by non-zone and zone firms respectively is solved in Appendix

D. After taking ratio,

c (l)

c(h)
=

[(
M l

Mh

)(∫ θ
θ∗
A(h, θ)dG(θ)∫ θ∗

θ
A(l, θ)dG(θ)

)] 1
γ

, (15)

where γ = −(α − 1 − σα) > 0. The right-hand side of (15) is decreasing in θ. Equating

the cost-minimization condition (14) and the market-clearing condition (15) can find the

equilibrium critical skill level θ∗.

Now suppose the government creates a SEZ in the region. SEZs cause a reduction in the

cost of imported intermediate inputs for firms in the zone: pm decreases to pmφ and therefore
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b increases to b′. In general, the operating profit for a firm of type z is,

π(z) = Bbσ−σ (σ − 1)σ−1 c(z)α(1−σ).

The operating profit of a firm not in the zone is,

πN(z) = Bbσ−σ (σ − 1)σ−1 c(z)α(1−σ).

The operating profit of a firm in the zone is,

πZ(z) = Bb′σ−σ (σ − 1)σ−1 c(z)α(1−σ).

It follows that a firm would enter the zone if and only if,

πZ(z)− πN(z) ≥ f ,

or

c (z) ≤ ω ≡
[

f

Bσ−σ (σ − 1)σ−1 (b′ − b)

]− 1
σ−1

.

If A(h,θ)
A(l,θ)

> 1 for all θ, then c (l) > c (h) in equilibrium. Hence, assume c (l) > ω > c (h), so

that high technology firms h enter the zone and low technology firms l do not. In this case,

the creation of a zone results in

c (l)

c(h)
=
A (h, θ)

A (l, θ)
, (16)

or

c (l)

c(h)
=

[(
M lb

Mhb′

)(∫ θ
θ∗
A(h, θ)dG(θ)∫ θ∗

θ
A(l, θ)dG(θ)

)] 1
γ

(17)

The expression in the right-hand side of (17) decreases if pm decreases to pmφ. This implies

that θ∗ goes down when a zone is created. In other words, non-zone firms, which are the low

technology firms in the model, switch to employ lower skilled workers on average.
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The tariff loss from the reduction of intermediate input price comes from the change of

revenue of intermediate inputs from both firms. The total cost of intermediate inputs before

the implementation of SEZs is,

M zm(z)pm = M zc(z)−σα+α(
1− α
α

)B(
σ

σ − 1
)−σb. (18)

The total cost of intermediate inputs after the implementation of SEZs changes to,

M lm(l)pm = M lc(l)′−σα+α(
1− α
α

)B(
σ

σ − 1
)−σb. (19)

Mhm(h)pmφ = Mhc(h)′−σα+α(
1− α
α

)B(
σ

σ − 1
)−σb′φ. (20)

The change of tariff revenue is the change of the sum of two types of firms. The Unit price

of intermediate input decreases, the change of tariff is negative.

6.6 Comparative statics

To better understand the mechanism of this model and the change of direction of firm

productivity and wages upon setup of SEZs, this section introduces the comparative statics

by varying the cutoff θ∗. As long as the average productivity and wage of all types of firms

are higher than the average that of non-zone firms, the decrease of the labor cutoff point θ∗

results in decrease in the non-zone firm productivity and wage. Figure 1 reflects the changes.

The conclusion of the model is consistent with previous empirical results that productivity

and wage both decrease with more SEZ setups and spillovers.

7 Calibration

We parameterize the model so that it replicates the empirical observations documented

in the previous section. Then, we run a counter-factual test to address the questions in the
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welfare analysis section later: by how much do the SEZ’s reduction in intermediate inputs

prices changes the welfare gain of the economy. And how is the welfare gain distributed over

local zone firms and non-zone firms?

From the theoretical model section, it can be concluded that non-zone firms suffer from

the SEZ policy because of the labor market effect. They are experiencing a decrease in

labors’ quality, resulting in a decrease in firm productivity. This section will further analyze

the change of zone firms’ wage and productivity. The tariff loss calculated from the reduction

of intermediate input prices will also be discussed in the total welfare gain.

We match moments of the productivity and wage changes for both zone firms and non-

zone firms according to the regression result in Table 2. Overall, we choose 6 moments that

characterize the behavior of two types of firms upon SEZ set up and their difference before

the policy is conducted.

7.1 Parameterization

The parameters of model are divided into two sets. The first set of parameters is deter-

mined outside of the model using the data previously. And the other set is estimated using

the general method of moments. In this section, we discuss how we choose the parameter

according to the data and discuss the moments we used in the calibration process.

The mass of each type of firms is treated as exogenously given so we summarize the

percentage of non-zone firms using the same data sample in the previous empirical section.

Thus, M l = 0.9003. Labor draw its quality realizations from a Pareto distribution with

bound 1 and shape parameter a. This paper is going to estimate the elasticity of substitution

and the labor share in the production function α. In the later part of robustness check given

the elasticity of substitution σ and labor share α, we set σ = 3 (Defever et al. 2018), σ = 3.42

(Broda and Weinstein 2006, Broda, Christian and Greenfield, Joshua and Weinstein, David

2006) respectively. The labor share is set to 0.399 according to the data. 14

14We take the share of labor cost to the value of industrial output by district, industry and year. This
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There are 6 parameters to be calibrated, which are chosen so as to minimize the dis-

tance between the number of moments in the model and the regression results from the

previous section. Assume the productivity function is A(l, θ) = θβl and A(h, θ) = θβh . The

unknown parameters to estimate include: σ, the elasticity of substitution; α, labor share in

the production function; φ, the decrease in zone firms’ imported tariff; βl, βh, and Pareto

distribution parameter a. Table 6 presents the estimated parameters. The moments from

previous empirical regression include: the change of non-zone firm productivity before and

after policy, the change of non-zone firm wage before and after policy, the change of zone

firm productivity before and after policy, the change of zone firm wage before and after

policy, the difference between zone firm and non-zone firm productivity before policy, and

the difference between zone firm and non-zone firm wage after policy.

7.2 Calibration strategy

The set of parameters Γ = {a, βl, βh, φ, σ, α} are calibrated jointly. To obtain the vector

of parameters, we search the parameter space to solve the following problem:

M(Γ) = min
Γ

(Mm(Γ)−Md)
′W (Mm(Γ)−Md) ,

where Γ is the vector of parameters. Md is the vector of moments from data. Mm(Γ) is

the vector of moments computed from the model using Pareto distribution. And W is the

weighting matrix that is set to the identity matrix. The model does not admit a one-to-one

mapping of each parameter to each moment, so the parameters are jointly identified given

an appropriate initial guess. The paper uses a derivative-free algorithm to search parameter

space starting from the local minima given the initial guess. Moments are calculated accord-

ing to the data by taking a within district, industry and year average of TFP and wage of

all firms in each group who do not change their product and location before and after the

number is achieved after taking the average.
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SEZ policy. The sample is consistent with the regression sample. For the first two moments,

in order to incorporate the change of TFP after the policy, we use the regression result

previously: a 1% increase in the SEZ share decreases the TFP of non-zone firms and wage

by 2.171% and 1.261% respectively. For the third and fourth moments, we also use another

regression only on zone firms sample with a dummy variable of zone existence. After joining

the SEZ, the TFP of zone firms and wage increase by 3.255% and 1.980% respectively. The

detailed regression tables and estimations are shown in Appendix E. Then for zone firms

and non-zone firms, the ln of average difference in TFP is used in the calibration for the

last two moments. The welfare gain of SEZ is obtained by comparing case when φ = 1 and

φ < 1 when SEZs are present. The values of parameters determined by the joint estimation

are presented in Table 6.

To do a robustness check on fixed σ and labor share in the production function, we also

use labor share 0.4, taken from the data by calculating the average ratio of employment cost

over the total industrial output for each firm. This number is also consistent with other

literature’s statement about the labor share in China (Karabarbounis and Neiman 2013,

Kamal et al. 2014, Chong-En and Zhenjie 2010). The elasticity of substitution, σ, is set to 3

(Broda and Weinstein 2006, Defever, Fabrice and Riaño, Alejandro 2017), and equal to 3.42,

the value of China (Broda, Christian and Greenfield, Joshua and Weinstein, David 2006).

The estimation results are robust in terms of the zone firms tariff reduction parameter. The

results are presented in Appendix E.

Table 6 reports the values of calibrated parameters and their interpretation. The elas-

ticity of substitution is 3.821, consistent with other literature’s estimation of σ (Broda and

Weinstein 2006, Di Giovanni and Levchenko 2013, Arkolakis et al. 2008, Bernard et al. 2007).

The labor share in the production function is 0.437, in line with the estimated China’s la-

bor share in production (Karabarbounis and Neiman 2013, Kamal et al. 2014, Chong-En

and Zhenjie 2010). Based on the estimation of elasticity and labor share, the zone firms

intermediate price input price reduction parameter is 0.885. Therefore, the input price of

28



intermediates for firms in the SEZ is 0.885 lower than the price of outside firms. The Pareto

distribution parameter is also in a reasonable range compared with other literature.

7.3 Estimation results

In this section, we show that the calibrated model generates moments that are consistent

with the observations and regression results obtained in the previous section.

Table 7 reports the moments from the previous regression using 1997 export data, the

benchmark regression result, and moments calculated from the data. The model correctly

captures the facts documented in Section 4. First, non-zone firms suffer from a negative shock

on their productivity and wages after the introduction of SEZs. The change in productivity

is -2.54% higher than the change of wages of non-zone firms, -1.10%. Second, zone firms

experience an increase in their productivity and wage, and the model matches the difference

between zone firms and non-zone firms before the policy well. However, the model does not

generate a high increase in the productivity change of zone firms. The estimated value is

0.12%, versus 3.26% from the regression. This implies that there may be other factors that

result in an additional increase in the productivity of firms in the zone areas other than the

intermediate input price reduction. The sources could be income tax rebates, infrastructure

convenience, or subsidies from the government. In order to improve the estimation of the

increase of productivity of zone firms, this study will add another productivity increase

factor in the model in the next section. The average difference of firms comparison before

SEZ policy is well matched according to Table 7 as well.

7.4 Adding the increase of productivity in the model

This section basically introduces an increase of productivity parameter into the original

model in order to better approximate the increase in the zone firm productivity. Assume

zone firms not only experience a decrease in the intermediate input price pm, but also have

an increase in the productivity ψ, where ψ > 1. Then,
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c (l)

c(h)
= ψ

A (h, θ)

A (l, θ)
, (21)

and

c (l)

c(h)
= ψ

1
γ

[(
M lb

Mhb′

)(∫ θ
θ∗
A(h, θ)dG(θ)∫ θ∗

θ
A(l, θ)dG(θ)

)] 1
γ

. (22)

The right shift in equation (22) is smaller than the left shift of equation (21). This would

imply that θ∗ goes down as well when the zone is created, according to Figure 2. In other

words, non-zone firms, which are the low technology firms in the model, switch to lower

skilled workers on average.

When it comes to the model estimation, there is an increase proportion of ψ for zone

firm productivity and ψ
γ−1
γ for zone firms’ wage. The detailed expressions are in Appendix

E. Since there is an additional parameter to estimate, we use the labor share in the previous

parameter and employ the total 6 moments to estimate parameters including the elasticity

of substitution.

Adding productivity parameter improves the estimation according to the methods of

moments error term. It implies that there is an additional benefit for firms in the zone

besides the lower intermediate input price. The elasticity, Pareto distribution parameters

are still in line with the estimation in other literature presented before. According to Table

8 and Table 9, zone firms tariff decrease parameter does not change significantly with a

value around 0.88. Zone firms now have an increase in their productivity, 1.029 higher than

previous.

In Appendix E, this paper also investigates the model further with tests assuming a fixed

σ and labor share value α given. The fixed σ and labor share chosen are comparable to the

baseline model: α = 0.4 and σ = 3.42 or σ = 3. The results are still robust and the moments

are matched well with the given value of elasticity and labor share.
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8 Welfare Gain from Special Economic Zones

In this section, the paper investigates the importance of SEZs on the welfare, including

wages collected by both types of firms, firm total profits, and total tariffs collected based on

the baseline model. Using the model presented, we analyze the following questions:

• Do Special Economic Zones harm non-zone firms?

• What are the overall welfare gains from Special Economic Zone Policy in China?

• What is the distribution of welfare gains among firms?

To do so, the parameters are set to be the calibrated parameters in the previous section

and the tariff parameters for zone firms is set to be in the range [0.2, 1], where 1 represents

the cases where there is no SEZ. We then generate graphs of wage and profit changes in both

types of firms correspondingly. Figure 3 and Figure 4 show that the total profits and wages

of non-zone firms decrease when the parameter of tariff reduction φ is smaller. When there

is more reduction in the intermediate input price, zone policy is more intense and non-zone

firms suffer more.

On the contrary, the total wages and profits of zone firms increase when the parameter

of tariff decreases since they experience lower variable cost in the production according to

the figures. A lower tariff parameter represents lower intermediate input price and lower

tariff collection. The results are shown in the figure of tariff revenue. Given no change in the

aggregate price level, there is an overall welfare gain from SEZs since the policy improves

the productivity of zone firms and lowers the variable cost, even though non-zone firms are

harmed in the meantime. The SEZ policy, in fact, generates an uneven distribution of gains,

focusing mainly on zone firms. The direct competition of zone firms and non-zone firms

on the labor market brings about welfare loss on local non-zone firms. Firms outside of

the zone without high skilled labor matching eventually decrease their productivity and lose

profits. Although the SEZ policy generates benefits in the aggregate level, the unbalanced

distribution of gains shall be marked.
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In order to answer the question what is the overall welfare gain from the SEZ Policy,

this paper uses the calibrated parameters in the model and compares the welfare gain for

current situation and case when no SEZ policy is present. The overall welfare is 0.3487,

compared with 0.3281 when there is no reduction in the intermediate input price. Therefore,

there is an overall 6.28% increase in welfare with SEZs policy. When adding an additional

productivity increase parameter for zone firms, the overall welfare is 0.3437, compared with

0.3257 when there is no policy. There is an overall 5.53% increase in welfare and the result

is still robust. when there is an increase in productivity, the graphs show similar and robust

results to the benchmark figures.

9 Conclusion

This paper identifies a negative horizontal spillover effect of SEZs and analyzes the effects

of local labor market competition on non-zone firm productivity and workers’ quality. It also

evaluates the welfare gain of the SEZ policy and its distribution among zone firms and non-

zone firms, using a trade model with worker-firm matching mechanism.

Empirically, this paper uses the Chinese firm-level data to document evidence about

the horizontal spillover effect of SEZs. Then, it identifies the spillover effect by using a

difference-in-differences inspired instrument variable and confirms that SEZs decrease the

productivity of non-zone firms in the same district and industry. This paper also shows the

effect of spillover factor on the labor wages of non-zone firms to reveal that non-zone firms

are suffering from decreasing labor quality and therefore lower productivity.

To account for these empirical findings, this paper develops a trade model with positive

assortative matching between labors and firms in order to quantify the welfare gain and loss

of different types of firms. The equilibrium cutoff of the labor quality decreases implies that

non-zone firms are matched with lower quality of labor in production with the introduction

of SEZs. Though there is an overall welfare gain of SEZs policy, zone firms receive all
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welfare gain and non-zone firms obtain welfare loss. The uneven distribution of welfare is

reflected based on the calibrated model. This study also runs a counter-factual experiment

to demonstrate the advantages of intermediate inputs price reduction received by zone firms.

The overall welfare is positive with a larger gap in the distribution among zone firms and

non-zone firms. Future work with precise matched employer-employee data would offer an

opportunity to identify the channel better than using wages as proxy. In general, maintaining

considerable high quality labor supply with education and skill development programs in

the area of SEZs, would help alleviate labor market competition pressures and promote a

balanced development of all firms.
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Tables

Table 1: Summary Statistics

[1998-2007] [1998-2001] [2002-2007]
Zone Non-Zone Zone Non-Zone Zone Non-Zone

SEZ share .0997 .0583 .1117
(.2996) (.2343) (.3150)

Log firm TFP OP 3.419 3.436 3.144 3.213 3.504 3.512
(1.200) (1.191) (1.212) (1.220) (1.184) (1.171)

Log firm TFP OLS 2.378 2.458 2.132 2.265 2.454 2.525
(1.218) (1.200) (1.231) (1.229) (1.203) (1.183)

Log firm TFP LP 5.288 5.257 4.998 5.004 5.378 5.330
(1.314) (1.282) (1.295) (1.275) (1.307) (1.274)

Log output 10.168 10.073 9.997 9.915 10.222 10.127
(1.253) (1.184) (1.160) (1.110) (1.276) (1.204)

Log revenue 10.192 10.086 9.976 9.887 10.259 10.155
(1.280) (1.201) (1.146) (1.089) (1.311) (1.230)

Log wage 7.423 7.303 7.177 7.031 7.500 7.397
(1.286) (1.289) (1.263) (1.298) (1.283) (1.272)

Log employment 5.332 5.260 5.210 5.105 5.371 5.313
(1.477) (1.467) (1.158) (1.173) (1.561) (1.552)

Log total assets 10.112 9.868 10.004 9.741 10.146 9.911
(1.501) (1.446) (1.458) (1.460) (1.513) (1.438)

Capital-labor ratio 311.4 255.8 265.0 215.1 326.0 269.9
(2298.1) (4344.4) (1559.1) (869.2) (2485.0) (5016.4)

Foreign owned firm rate 0.042 0.023 0.000 0.000 0.055 0.031
(0.200) (0.150) (0.000) (0.000) (0.228) (0.174)

SOE 0.129 0.111 0.257 0.204 0.089 0.079
(0.335) (0.314) (0.437) (0.403) (0.285) (0.269)

Export status 0.291 0.269 0.305 0.270 0.287 0.269
(0.454) (0.444) (0.460) (0.444) (0.453) (0.443)

Log export intensity 9.509 9.433 9.295 9.284 9.580 9.486
(1.752) (1.673) (1.671) (1.614) (1.773) (1.689)

Log new product intensity 9.359 9.100 9.065 9.032 9.475 9.126
(2.105) (2.065) (2.005) (1.993) (2.132) (2.092)
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Table 2: Main Result: regression result for SEZ spillover

(1) (2) (3) (4) (5)
IV1997 IV1997 OLS OLS Reduced Form

Second Stage: Log TFP
SEZs spillover -3.126*** -2.171***

(0.199) (0.179)
First stage: SEZs spillover
SEZs spillover 0.416*** 0.316***

(0.0546) (0.0546)
OLS and reduced form: Log TFP
Dummy: existence of SEZ 0.159***

(0.0105)
SEZs spillover -0.0310***

(0.0105)
Treatment*Post02*ln(export) -1.412***

(0.476)
Firm fixed effect YES YES YES YES YES
District fixed effect YES YES YES YES YES
Industry fixed effect YES YES YES YES YES
Year fixed effect YES YES YES YES YES
Time varying firm controls NO YES YES YES YES
N 645712 644300 658461 658458 644311
Adj. R2 0.696 0.728 0.729 0.729 0.728

Firm level clustered standard errors in parentheses

IV1997 refers the usage of export by district data in 1997. Robustness check using earlier export is table 4

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table 3: Preparallel condition test

(1) (2)
SEZs spillover growth TFP growth

SEZs spillover 7.85E-06 0.106*
(.0002428) (0.040)

Firm fixed effect NO YES
District fixed effect YES YES
Industry fixed effect YES YES
Year fixed effect YES YES
Time varying controls YES YES
N 441,670 129,566
Adj. R2 0.0079 0.4816

Clustered standard errors in parentheses

The sample only contains firms before 2012

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table 4: Robustness check regression result for SEZ spillover (IV regression)

(1) (2) (3) (4) (5) (6)
TFPOLS TFPLP Revenue Sales Export dummy IV1997(SOE)

SEZs spillover -2.285*** -2.063** -0.399*** -0.767*** -0.0746 -2.391***
(0.183) (0.174) (0.113) (0.082) (0.068) (0.182)

N 644300 644300 704834 704438 704834 645170
Adj. R2 0.745 0.774 0.881 0.946 0.74 0.61

(7) (8) (9) (10) (11) (12)
IV1984(SOE) Export intensity K/L ratio New product intensity IV1997after IV1984

SEZs spillover -1.430*** -0.680** 0.851*** -3.344*** -1.998* -1.262***
(0.148) (0.336) (0.260) (0.966) (1.093) (0.146)

N 557052 704834 704834 31527 49816 556257
Adj. R2 0.599 0.769 0.781 0.796 0.742 0.730
Firm fixed effect YES YES YES YES YES YES
District fixed effect YES YES YES YES YES YES
Industry fixed effect YES YES YES YES YES YES
Year fixed effect YES YES YES YES YES YES
Time varying firm controls YES YES YES YES YES YES

Firm level clustered standard errors in parentheses

IV1997 refers the usage of export by district in 1997

IV1984 refers the usage of export by district in 1984

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table 5: IV regression explaining the spillover effect of SEZs through labor market

(1) (2) (3) (4)
Ave Wage Ave Wage Ave Wage TFPOP

(High Tariff) (Low Tariff)
SEZs spillover -1.261*** -1.506*** -1.297**

(0.276) (0.348) (0.425)
Average wage 0.117***

(0.00159)
N 704834 392228 304951 658461
Adj. R2 0.664 0.646 0.69 0.735
Firm fixed effect YES YES YES YES
District fixed effect YES YES YES YES
Industry fixed effect YES YES YES YES
Year fixed effect YES YES YES YES
Time varying firm controls YES YES YES YES

Firm level clustered standard errors in parentheses

p < 0.1, ** p < 0.05, *** p < 0.01

Table 6: Values of parameters determined by the estimation

Parameters Value Interpretation
a 10.7645 Pareto distribution shape parameter
βl 3.2571 Non-zone firms productivity function parameter (low tech firms)
βh 3.2900 Zone firms productivity function parameter (high tech firms)
φ 0.8845 Zone firms tariff decrease parameter
σ 3.8208 Elasticity of substitution
α 0.4373 Labor share in the production function
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Table 7: Model calibration

Moments(Log) Data Model

Productivity change of non-SEZ firms -2.17% -2.54%
Wage change of non-SEZ firms -1.26% -1.10%

Productivity change of SEZ firms 3.26% 0.12%
Wage change of SEZ firms 1.98% 1.73%

Productivity difference of SEZ and non-SEZ firms before policy 0.0498 0.0660
Wage difference of SEZ and non-SEZ firms before policy 0.0781 0.0560

Table 8: Model calibration with productivity increase Parameter

Moments(Log) Data Model

Productivity change of non-SEZ firms -2.17% -1.65%
Wage change of non-SEZ firms -1.26% -0.38%

Productivity change of SEZ firms 3.26% 2.85%
Wage change of SEZ-firms 1.98% 2.89%

Productivity difference of SEZ and non-SEZ firms before policy 0.0498 0.0646
Wage difference of SEZ and non-SEZ firms before policy 0.0781 0.0563

Table 9: Values of parameters with Productivity Increase Parameter

Parameters Value Interpretation
a 8.1497 Pareto distribution shape parameter
βl 2.1446 Non-zone firms productivity function parameter (low tech firms)
βh 2.1663 Zone firms price decrease parameter (high tech firms)
φ 0.8888 Zone firms tariff decrease parameter
ψ 1.0289 Zone firms productivity increase parameter
σ 5.9835 Elasticity of substitution
α 0.4373 Labor share in the production function
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Figures

Figure 1: Change of θ∗ with no productivity increase

Figure 2: Change of θ∗ with productivity increase
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Figure 3: The effect of Phi on profit distribution

Figure 4: The effect of Phi on wage distribution
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Figure 5: The effect of Phi on total profit

Figure 6: The effect of Phi on total wage
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Figure 7: The effect of Phi on tarrif collection

Figure 8: The effect of Phi on total welfare
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A Estimation of firm TFP

Consider the following Cobb-Douglas production function in logs:

yft = βllft + βkkft + ωft + εft , (23)

where yft is the log of firm value added that is calculated by the firm output minus the

material cost. ωft is the firm productivity, and εft is measurement error and/or unanticipated

shocks to output. We estimate the firm productivity according to this OLS regression for

each 4-digit CIC industry level, allowing technology to vary industry-by-industry. To obtain

a consistent production function estimation, we then follow the control function approach

initiated by Olley and Pakes (1996) and extended by Levinsohn and Petrin (2003). The

Olley-Pakes approach estimating firms’ TFP follows the construction of TFP in Dai et al.

(2016). Applying the same Cobb-Douglas production function above, we also add export

status as an extra argument in the investment function.

invft = I(kft, ωft, FXft) , (24)

where FXft is a dummy variable to measure whether the firm f exports in year t. Inverting

invft, the unobserved productivity is a function of capital and export status:

ωft = I−1(kft, invft, FXft) , (25)

Then the estimation specification can be written as,

yft = βllft + βkkft + g(kft, invft, FXft) + εft .̇ (26)

Following Olley and Pakes (1996), the selection bias due to firm exit is also corrected in

order to get a consisent estimation of coefficients. Finally, the OP type of TFP of firm f in

industry i is achieved once the estimated coefficients are obtained:

lnTFPOP
ift = yit− βkkft − βllft , (27)

The production function is also estimated separately for each industry level. The Levinsohn

and Petrin (2003) type of TFP also follows the standard way of estimation, using material

cost as the proxy in obtaining the productivity of firms based on different industry levels.
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B Stylized facts comparing Special economic Zone firms

and non-Zone firms

Table B1: Compare SEZ and non-SEZ firms TFP

(1) (2) (3) (4) (5) (6)
ln OP ln OLS ln LP ln OP ln OLS ln LP

SEZ dummy 0.0347*** 0.0381*** 0.0261*** 0.0365*** 0.0396*** 0.0271***
(0.00437) (0.00462) (0.00400) (0.00470) (0.00499) (0.00429)

Export dummy -0.0221*** -0.0223*** -0.0183*** -0.0208*** -0.0212*** -0.0175***
(0.00311) (0.00322) (0.00294) (0.00331) (0.00343) (0.00313)

Foreign owned -0.0289*** -0.0247*** -0.0350*** -0.0287*** -0.0245*** -0.0349***
(0.00509) (0.00530) (0.00479) (0.00510) (0.00531) (0.00480)

State owned -0.0151** -0.0155** -0.0115* -0.0151** -0.0154** -0.0115*
(0.00740) (0.00782) (0.00694) (0.00740) (0.00782) (0.00694)

Firm fixed effect NO NO NO YES YES YES
District fixed effect YES YES YES YES YES YES
Industry fixed effect YES YES YES YES YES YES
Year fixed effect YES YES YES YES YES YES
Firm controls YES YES YES YES YES YES
N 834002 834002 834002 834002 834002 834002
Adj. R2 0.825 0.830 0.866 0.825 0.830 0.866

Clustered standard errors in parentheses

* p < 0.1, ** p < 0.05, *** p < 0.01

In order to illustrate the TFP comparison between SEZ firms and non-zone firms, this

paper estimates three different types of TFP based on the following equation,

yft = β1FXft + β2SEZft + β3SEZft ∗ FXft +Xft + FE + εft , (28)

where yft is the TFP of each firm; SEZft is the dummy variable if the firm is located inside

a SEZ; FXft is the export dummy in year t if the firm exports. The OLS regression also

contains firm, industry, district, year fixed effects, and other control variables including age

of the firm, capital-labor ratio, wage, material cost, foreign-owned-firm dummy and state-

owned-firm dummy.

C Gravity model predicting 1984 district export data

Since the earliest available district level (city level) export data in China is in 1997,

we incorporate a predicted 1984 district varied export data following the gravity model
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to further eliminate the bias from the district export. The demographic data used in the

following equation is in the year of 1984, the earliest possible demographic data available.

The prediction follows the equation below,

lnXd = βp lnPOPd+βg lnGDPd+βo lnGEOaread+βeEastd+βcCentrald+βlLandlockd+εd ,

(29)

where Xd is the export quantity, POPd is the amount of total population in the district,

GDPd represents the gross domestic product and GEOaread is the geographic area of each

district. We also include the dummy variables whether the district is located in the east,

central or west region of China, and whether the district or city is landlocked compared to

seashore.

The regression estimation is conducted over the sample in 1997 and then the coefficients

are used to predict the city level export data in 1984, using demographic data in 1984.

Table C1: Gravity regression estimating 1984 district level export data

ln exp97
ln gdp97 1.790***

(0.208)
ln pop97 -0.689**

(0.261)
ln geo97 -0.213*

(0.0986)
East 0.405

(0.248)
Central -0.0112

(0.221)
Landlock -0.733**

(0.262)
N 235

Adj. R2 0.659

Robust standard errors in parentheses

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table C2: Robustness check regression result for SEZ spillover without control variables

(1) (2) (3) (4) (5)
TFPOLS TFPLP Revenue Sales Export dummy

SEZs spillover -3.144*** -3.219*** -2.330*** -2.910*** -0.133***
(0.189) (0.186) (0.161) (0.153) (0.063)

N 645849 645849 706672 706042 706672
Adj. R2 0.720 0.738 0.791 0.827 0.739

(7) (8) (9) (10) (11)
Export intensity K/L ratio New product intensity IV1997after IV1984

SEZs spillover -0.915*** 0.939*** -3.706*** -1.057* -1.956***
(0.358) (0.231) (0.901) (0.614) (0.151)

N 160215 706672 31597 49904 557646
Adj. R2 0.761 0.779 0.777 0.709 0.696
Firm fixed effect YES YES YES YES YES
District fixed effect YES YES YES YES YES
Industry fixed effect YES YES YES YES YES
Year fixed effect YES YES YES YES YES
Time varying firm controls NO NO NO NO NO

Firm level clustered standard errors in parentheses

IV1997 refers the usage of export by district in 1997

IV1984 refers the usage of export by district in 1984

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table C3: Robustness check regression result for SEZ spillover with district-year fixed effect

(1) (2) (3) (4) (5) (6)
TFPOP TFPOLS TFPLP Revenue IV1997after IV1984

SEZs spillover -0.347** -0.409*** -0.382*** -0.100 0.284 -0.287**
(0.151) (0.157) (0.143) (0.068) (0.715) (0.126)

N 645849 645849 645849 706672 31597 49904
Adj. R2 0.755 0.776 0.789 0.942 0.773 0.744
Firm fixed effect YES YES YES YES YES YES
District-Year fixed effect YES YES YES YES YES YES
Industry fixed effect YES YES YES YES YES YES
Time varying firm controls YES YES YES YES YES YES

Firm level clustered standard errors in parentheses

IV1997 refers the usage of export by district in 1997

IV1984 refers the usage of export by district in 1984

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table C4: Regression result for SEZ spillover when after variable is 1

(1) (2) (3) (4) (5) (6)
IV IV IV2001 IV2001 IV2003 IV2003

Second Stage: Log TFP
SEZs spillover -3.122*** -2.350*** -3.072*** -2.295*** -3.105*** -2.342***

(0.187) (0.181) (0.187) (0.180) (0.188) (0.181)
First stage: SEZs spillover
SEZs spillover 0.369*** 0.322*** 0.411*** 0.381*** 0.359*** 0.195***

(0.0497) (0.0627) (0.0498) (0.0498) (0.0571) (0.0571)
Firm fixed effect YES YES YES YES YES YES
District fixed effect YES YES YES YES YES YES
Industry fixed effect YES YES YES YES YES YES
Year fixed effect YES YES YES YES YES YES
Time varying firm controls NO YES NO YES NO YES
N 645712 644300 645712 644300 645712 644300
Adj. R2 0.696 0.725 0.696 0.725 0.696 0.725

Firm level clustered standard errors in parentheses

IV refers to the main result with after variable equals to 1.

IV2001 refers to the regression results when after variable equals to 1 when year ≥ 2001.

IV2003 refers to the regression results when after variable equals to 1 when year ≥ 2003.

* p < 0.1, ** p < 0.05, *** p < 0.01
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Table C5: Robustness check regression result for SEZ spillover for matched samples

(1) (2)
IV1997 IV1984

SEZs spillover -1.924** -0.923***
(0.242) (0.199)

N 365265 317531
Adj. R2 0.711 0.710
Firm fixed effect YES YES
District fixed effect YES YES
Year fixed effect YES YES
Industry fixed effect YES YES
Time varying firm controls YES YES

Firm level clustered standard errors in parentheses

IV1997 refers the usage of export by district in 1997

IV1984 refers the usage of export by district in 1984

* p < 0.1, ** p < 0.05, *** p < 0.01

D Solving firm’s optimization problem

D.1 Firm’s profit maximization problem

The maximization of a final good producer can be formalized as

max
m,x(z)

PC1/σy
σ−1
σ −m(z)pm − c(z)x(z) (30)

such that

y(z) = x(z)αm1−α

Taking the FOC with respect to n(z) and m(z):

pm = PC1/σσ − 1

σ
y−1/σx(z)α(1− α)m−α (31)

c(z) = PC1/σσ − 1

σ
y−1/σx(z)α−1αm1−α (32)

From equation (31) and (32),

m =
c(z)

pm

1− α
α

x(z) (33)
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By p = (y/c)−1/σP , equation (31) and (32),

p =
σ

σ − 1

c(z)α

αα(1− α)1−αpα−1
m

(34)

The labor value can be found using equation (31),(32), and (34),

x(z) = B

(
α

1− α

)1−α (
(1− α)1−ααα

)σ
p(σ−1)(α−1)
m (

σ

σ − 1
)−σc(z)−σα−1+α (35)

x(z) = Bb(
σ

σ − 1
)−σc(z)−σα−1+α (36)

where b =
(

α
1−α

)1−α
((1− α)1−ααα)

σ
p

(σ−1)(α−1)
m

D.2 Firm’s labor cost minimization problem

The labor cost minimization problem can be solved by

c(z) + λ

(
1−

∫ θ

θ

A (z, θ) a (z, θ) dθ

)

which implies w (θ) = λA (z, θ) for all a (z, θ) > 0. Multiplying both sides of this expression

by a (z, θ) and integrating over all θ with positive a (z, θ) give c(z) = λ, or

w (θ) = c(z)A (z, θ) (37)

D.3 Labor market clear

∫ θ∗

θ

A(l, θ)L(l, θ)dθ = M lBb

(
σ

σ − 1

)−σ
c (l)α−1−ασ

∫ θ

θ∗
A(h, θ)L(h, θ)dθ = MhBb

(
σ

σ − 1

)−σ
c (h)α−1−ασ

Solving gives,

c (l) =
(
M lBb

) 1
γ

(
σ

σ − 1

)−σ
γ
[∫ θ∗

θ

A(l, θ)dG(θ)

]− 1
γ

c (h) =
(
MhBb

) 1
γ

(
σ

σ − 1

)−σ
γ

[∫ θ

θ∗
A(h, θ)dG(θ)

]− 1
γ
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where γ = −(α − 1 − σα) > 0. Note that the right-hand side of the ratio equation is

decreasing in θ∗. To verify this,

d
(
c(l)
c(h)

)
dθ∗

=
1

γ

M l

Mh
(
c(l)

c(h)
)
1−γ
γ

d
dθ∗
D

(
∫ θ∗
θ
A(l, θ)dG(θ))2

(38)

where

d

dθ∗
D =

d

dθ∗

[∫ θ̄

θ∗
A(h, θ)dG(θ)

]∫ θ∗

θ

A(l, θ)dG(θ)− d

dθ∗

[∫ θ∗

θ

A(l, θ)dG(θ)

] ∫ θ̄

θ∗
A(h, θ)dG(θ) < 0

(39)

From (39), we can conclude

d
(
c(l)
c(h)

)
dθ∗

< 0

D.4 Comparative Statics

The average productivity of firms not in the zone (low technology firms) refers to the

productivity of non-zone firms summing over all labors divided by the total labor employed,

log(Prod(l)) = α log

(∫ θ∗
θ
A(l, θ)dG(θ)

G(θ∗)

)
= α log

(
M lBb( σ

σ−1
)−σ/γc(l)−γ

G(θ∗)

)
(40)

d log(Prod(l))

dθ∗
= M lBb(

σ

σ − 1
)−σ/γ

d

dθ∗
c(l)−γ

G(θ∗)
(41)

In order to have the productivity decreases with the cutoff, d
dθ∗

c(l)−γ

G(θ∗)
> 0.

d

dθ∗
c(l)−γ

G(θ∗)
= A(l, θ∗)g(θ∗)G(θ∗)− g(θ∗)

∫ θ∗

θ

A(l, θ)dG(θ) > 0 (42)

The previous equation implies that whenever the productivity at θ∗ is larger than the average

productivity of non-zone firms, then productivity is increasing in θ∗. When θ∗ is lower, then

the productivity of non-zone firms is lower.

The wage paid by low tech firm (non-zone firms) is the wage function summing over all

types of worker below θ∗ divided by G(θ∗),

wage =

∫ θ∗
θ
c(l)A(l, θ)dG(θ)

G(θ∗)
(43)
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dWage

dθ∗
=

d

dθ∗

∫ θ∗
θ
c(l)A(l, θ)dG(θ)

G(θ∗)
(44)

d

dθ∗

∫ θ∗
θ
c(l)A(l, θ)dG(θ)

G(θ∗)
= c(l)A(l, θ∗)g(θ∗)G(θ∗)− g(θ∗)

∫ θ∗

θ

c(l)A(l, θ)dG(θ) (45)

Whenever

c(l)A(l, θ∗) >

∫ θ∗
θ
c(l)A(l, θ)dG(θ)

G(θ∗)
(46)

The wage at θ∗ is larger than the average wage of the low productive firms, then wage is

increasing in θ∗.When θ∗ is smaller, wage paid is less.

E Model calibration and structural estimation

E.1 Moments

If the productivity function is A(l, θ) = θβl and A(h, θ) = θβh . Assume the labor is Pareto

distributed over the range [1,∞], where θ = 1, and M l = 1 −Mh is the mass of low tech

firms (non zone firms). According to the pareto distribution, we make an assumption that

a > βh in order to calculate the integral.

• Before policy:

The productivity,

log(prod(l)) = α log

(∫ θ∗
θ
A(l, θ)dG(θ)

G(θ∗)

)
= α log

(
aθa

1− θaθ∗−a
1

βl − a
[
θ∗βl−a − θβl−a

])
(47)

log(prod(h)) = α log

(∫ θ̄
θ∗
A(h, θ)dG(θ)

1−G(θ∗)

)
= α log

(
aθa

( θ
θ∗

)a
1

βh − a
[
−θ∗βh−a

])
(48)

The wage,

w(l) =

∫ θ∗
θ
c(l)A(l, θ)dG(θ)

G(θ∗)
= nl(

aθa

βl − a
)
γ−1
γ
[
θ∗βl−a − θβl−a

] γ−1
γ

1

1− θaθ∗−a
(49)

where nl = (M lBb)1/γ( σ
σ−1

)−σ/γ

w(h) =

∫ θ̄
θ∗
c(h)A(h, θ)dG(θ)

1−G(θ∗)
= nh(

aθa

βl − a
)
γ−1
γ
[
−θ∗βh−a

] γ−1
γ

1

( θ
θ∗

)a
(50)
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where nh = (MhBb)1/γ( σ
σ−1

)−σ/γ

• After policy:

The productivity expression is the same for every firm except with a new cutoff point

θ∗
′
. The wage for non-zone firm is also with new cutoff in the same function. The wage

for zone firm is with the new parameter pmφ,

w(h) =

∫ θ̄
θ∗′
c(h)A(h, θ)dG(θ)

1−G(θ∗′)
= nh

′
(
aθa

βl − a
)
γ−1
γ

[
−θ∗′βh−a

] γ−1
γ 1

( θ
θ∗′

)a
(51)

where nh
′
= (MhBb′)1/γ( σ

σ−1
)−σ/γ

When do the estimation, the following are the moments equations after taking log:

mm1 = ∆prodl = ln

[
(

1− θaθ∗a

1− θaθ∗′−a
)

[
θ∗
′βl−a − θβl−a

θ∗βl−a − θβl−a

]]
(52)

mm2 = ∆wagel = ln

[θ∗′βl−a − θβl−a
θ∗βl−a − θβl−a

] γ−1
γ

(
1− θaθ∗−a

1− θaθ∗′−a
)

 (53)

mm3 = ∆prodh = ln

[
(
θaθ∗−a

θaθ∗′−a
)(
θ∗
′βh−a

θ∗βh−a
)

]
(54)

mm4 = ∆wageh = ln

(φ(α−1)(σ−1))
1
γ (
θaθ∗−a

θaθ∗′−a
)

(
θ∗
′βh−a

θ∗βh−a

) γ−1
γ

 (55)

The last two moments are the log of difference between equation (47) and (48) and log

of difference between equation (49) and (50).

mm5 = prod(h)− prod(l) (56)

mm6 = wage(h)− wage(l) (57)

E.2 Zone firms productivity regression

The following regression illustrates the increase of firm productivity if a firm enters the

zone. β for productivity and wages are the parameters used in the calibration section.

yfidt = βSEZfidt +Xfidtα + λf + λi + λd + λt + εfidt , (58)
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where yfidt represents the TFP or average wage of the firm and SEZfidt is the dummy

variable if the firm is in SEZ in year t. Control variables include the export decision of firms,

if the firm is foreign owned, if the firm is state owned, material cost, capital labor ratio

and industrial output. In order to test the increase parameter of zone firm productivity, the

regression is tested on SEZ firms only who move into the zone over the sample period and

does not change their location and output produced. In order to calibrate the model, this is

the best way to test the parameter increase.

Table E1: Productivity increase of zone firms

(1) (2) (3) (4)
ln OP ln LP ln OLS ln avewage

SEZ dummy 0.0326*** 0.0272*** 0.0353*** 0.0198**
(0.00566) (0.00527) (0.00592) (0.00619)

Export dummy -0.0397*** -0.0279** -0.0437*** 0.0180
(0.0108) (0.00999) (0.0112) (0.0119)

Foreign owned -0.0374** -0.0333* -0.0344* 0.0555***
(0.0145) (0.0136) (0.0151) (0.0155)

State owned 0.0156 0.0221 0.0158 0.0692**
(0.0196) (0.0180) (0.0212) (0.0216)

N 83828 83828 83828 88367
Adj. R2 0.791 0.851 0.808 0.800

Robust standard errors in parentheses

* p < 0.1, ** p < 0.05, *** p < 0.01
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E.3 Calibration with fixed elasticity of substitution and labor

share

E.3.1 Baseline model

• α = 0.4 Labor share in production

• σ = 3.42 Elasticity of substitution between varieties

Table E2: Model calibration

Moments(Log) Data Model

Productivity change of non-SEZ firms -2.17% -1.82%
Wage change of non-SEZ firms -1.26% -0.84%

Productivity change of SEZ firms 3.26% 3.01%
Wage change of SEZ firms 1.98% 2.65%

Productivity difference of SEZ and non-SEZ firms before policy 0.0498 0.0501

Table E3: Values of parameters determined by the estimation

Parameters Value Interpretation
a 9.6955 Pareto distribution shape parameter
βl 6.1004 Non-zone firms productivity function parameter (low tech firms)
βh 6.1620 Zone firms price decrease parameter (high tech firms)
φ 0.8887 Zone firms tariff decrease parameter
ψ 1.0255 Zone firms productivity increase parameter
σ 3.42 Elasticity of substitution
α 0.40 Labor share in the production function
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• α = 0.4 Labor share in production

• σ = 3 Elasticity of substitution between varieties

Table E4: Model calibration

Moments(Log) Data Model

Productivity change of non-SEZ firms -2.17% -1.81%
Wage change of non-SEZ firms -1.26% -0.75%

Productivity change of SEZ firms 3.26% 3.05%
Wage change of SEZ firms 1.98% 2.63%

Productivity difference of SEZ and non-SEZ firms before policy 0.0498 0.0501

Table E5: Values of parameters determined by the estimation

Parameters Value Interpretation
a 8.7431 Pareto distribution shape parameter
βl 5.5866 Non-zone firms productivity function parameter (low tech firms)
βh 5.6430 Zone firms price decrease parameter (high tech firms)
φ 0.8678 Zone firms tariff decrease parameter
ψ 1.0259 Zone firms productivity increase parameter
σ 3 Elasticity of substitution
α 0.40 Labor share in the production function

E.3.2 Adding productivity increase

The changes of moments:

mm3 = ∆prodh = ln

[
ψ(
θaθ∗−a

θaθ∗′−a
)(
θ∗
′βh−a

θ∗βh−a
)

]
(59)

mm4 = ∆wageh = ln

ψ γ−1
γ (φ(α−1)(σ−1))

1
γ (
θaθ∗−a

θaθ∗′−a
)

(
θ∗
′βh−a

θ∗βh−a

) γ−1
γ

 (60)

• α = 0.4 Labor share in production

• σ = 3.42 Elasticity of substitution between varieties
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Table E6: Model calibration

Moments(Log) Data Model

Productivity change of non-SEZ firms -2.17% -1.82%
Wage change of non-SEZ firms -1.26% -0.84%

Productivity change of SEZ firms 3.26% 3.01%
Wage change of SEZ firms 1.98% 2.65%

Productivity difference of SEZ and non-SEZ firms before policy 0.0498 0.0501

Table E7: Values of parameters determined by the estimation

Parameters Value Interpretation
a 9.6955 Pareto distribution shape parameter
βl 6.1004 Non-zone firms productivity function parameter (low tech firms)
βh 6.1620 Zone firms price decrease parameter (high tech firms)
φ 0.8887 Zone firms tariff decrease parameter
ψ 1.0255 Zone firms productivity increase parameter
σ 3.42 Elasticity of substitution
α 0.40 Labor share in the production function

• α = 0.4 Labor share in production

• σ = 3 Elasticity of substitution between varieties

Table E8: Model calibration

Moments(Log) Data Model

Productivity change of non-SEZ firms -2.17% -1.81%
Wage change of non-SEZ firms -1.26% -0.75%

Productivity change of SEZ firms 3.26% 3.05%
Wage change of SEZ firms 1.98% 2.63%

Productivity difference of SEZ and non-SEZ firms before policy 0.0498 0.0501
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Table E9: Values of parameters determined by the estimation

Parameters Value Interpretation
a 8.7431 Pareto distribution shape parameter
βl 5.5866 Non-zone firms productivity function parameter (low tech firms)
βh 5.6430 Zone firms price decrease parameter (high tech firms)
φ 0.8678 Zone firms tariff decrease parameter
ψ 1.0259 Zone firms productivity increase parameter
σ 3 Elasticity of substitution
α 0.40 Labor share in the production function
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