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Abstract: The optimization of income distribution is an important index to achieve high-quality
economic development in the process of urbanization. Using matched data from the China Statistical
Yearbook and Customs Statistical Database, this paper examines the impact of city exports on city
wages based on panel data from 286 Chinese cities at or above the prefecture level. The paper finds
that city exports increase city wages through technology-upgrading mechanisms and profit-sharing
mechanisms. This conclusion is found to be robust after a series of tests. The paper further analyses
the impact of city exports on city wages by classifying the location and scale of cities. The results
show that city exports increase the wages of large cities, eastern cities and central cities but have no
effect on medium cities, small cities and western cities. In the process of urbanization, it is essential
to further improve the quality and efficiency of exports, increase investment in R&D and education,
optimise income distribution and promote regional coordinated development.
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1. Introduction

Income growth and distribution optimization are important evaluation indicators for
a nation to achieve high-quality economic development. However, with the acceleration
of urbanization, income inequality among cities is on the rise. The expansion of income
inequality will not only cause a huge loss of social welfare but also affect social stability
and sustainable development.

Among the factors affecting urban wages, urban economic agglomeration and self-
selection of the labour force are mainly focused on in the existing literature. Urban economic
agglomeration promotes the accumulation of high human capital, on the one hand [1–3],
and enhances the matching efficiency between the labour force and posts, on the other
hand [4], thus promoting an urban wage increase. Shuhong Peng (2019) found that China’s
large cities with 1–5 million in population and megalopolises with over 5 million in pop-
ulation have a significant urban scale wage premium. The agglomeration economy is
the main cause of these large cities’ wage premium [5]. Using data from the 2013–2020
Vietnam Labor Force Surveys, a study from Thi Bich Tran et al. (2022) also showed that
agglomeration generates the wage premium in cities [6].

According to the literature on the impact of self-selection of the labour force on
urban wages, the difference in urban wages is influenced not only by urban economic
agglomeration but also by the different location choices of the labour force based on skills.
Workers with higher skills are inclined to live in larger cities [7]. The migration of a high-
skilled labour force to large cities makes wages in large cities higher than those in small
and medium cities [8]. Relevant empirical studies show that the self-selection effect of
the labour force has a positive effect on the wages of cities [9,10]. The difference in urban
wages may also be the result of the combined effect of the economic agglomeration and
self-selection of the labour force, as the impact of the self-selection effect on wages even
exceeds that of the agglomeration effect [11,12].

Sustainability 2023, 15, 999. https://doi.org/10.3390/su15020999 https://www.mdpi.com/journal/sustainability

https://doi.org/10.3390/su15020999
https://doi.org/10.3390/su15020999
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-0405-2708
https://orcid.org/0000-0001-9017-9312
https://doi.org/10.3390/su15020999
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su15020999?type=check_update&version=1


Sustainability 2023, 15, 999 2 of 12

In summary, the existing literature provides a wealth of insight for the analysis of
urban wage differences. However, there is little in the literature on the impact of exports on
wages at the urban level. Cities, as the spatial nodes of a country’s foreign trade network
system in an open economy, are the main force promoting the development of foreign
trade. According to figures released by the WTO, China’s exports of goods totalled USD
2590.2 billion in 2020, ranking first in the world. With the expansion of China’s urban
exports scale, urban wages have also shown a significant upward trend, and there is a
significant positive correlation between city exports and city wages (see Figure 1). Thus,
the following questions need to be studied: Do city exports raise city wages? If so, what is
the mechanism? Does the impact of city exports on wages vary with the scale and location
of cities? The only literature that studied the above questions comes from Deng and Zhou
(2021) [13], and their study shows that the improvement of trade openness can raise the
wage level of cities. However, this study does not involve the mechanism of city exports
impacting city wages, nor does it consider the heterogeneity of city location and scale.
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Figure 1. Correlation between city exports and city wage.

This paper studies the impact and mechanism of city exports on city wages and further
explores whether the impact of city exports on city wages varies due to city size and location
based on matched data from the China Urban Statistical Yearbook Database and China
Customs Statistical Database from 2004 to 2013. This paper contributes to the literature as
follows. First, this is the first paper that studies the mechanisms through which city exports
impact city wages, which expands the research on the welfare consequences of exports.
Second, through the deep mining and matching of the China Urban Statistical Yearbook
Database and China Customs Statistical Database, this paper estimates the degree and
mechanism of the impact of exports on wages based on data from 286 cities at or above the
prefecture level. The abundant, large sample panel data guarantee the credibility of the
research conclusion, thus providing evidence for China to realise its goal of harmonious
growth between exports and residents’ incomes during the urbanization process.

This paper is organised as follows. Section 2 explores the mechanisms through
which city exports impact city wages. Section 3 sets up the model and describes the
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data. Section 4 discusses the empirical results and provides a number of robustness checks.
Section 5 analyses the results of heterogeneity tests. Section 6 concludes and draws some
policy implications.

2. Mechanism
2.1. Technology-Upgrading Mechanism

Technological upgrading is increasingly being affected by the international environ-
ment, in which exports are considered to be the main channel of influence [14]. The
abundant data in the literature have proven that the “export-learning effect” and “self-
selection effect” brought by exports have improved the technology level [15–17]. The
effect of export-induced technological upgrading further affects city wages by affecting
the supply and demand of high-skilled labour and increasing the number of jobs for low-
skilled labour. From the perspective of labour demand, with the improvement of a city’s
technology level and an increase in the number of its high-tech enterprises, enterprises
using emerging production technology increase the demand for high-skilled labour [18]. In
terms of the supply of high-skilled labour, the upgrading of export technologies has raised
the demand for the skill level of labour in cities, which requires workers to constantly learn
new technologies and improve their skills, which would reduce to some extent the supply
of highly skilled labour [19]. An increase in the demand and a decrease in the supply of
high-skilled labour will raise the wage level of high-skilled workers. For low-skilled labour,
the upgrading of export technologies has led to the introduction and use of advanced
production equipment, an increase in enterprise investment and labour productivity. This
not only creates new jobs to make up for some of the technological-related unemployment
but also creates a wider demand for skills and broadens the labour market’s demand for
low-skilled labour, which will raise the wage of low-skilled workers. With an increase in
workers’ wages, the city wage will increase. Through the above analyses, this paper puts
forward the following hypothesis:

Hypothesis 1. City exports improve city wages through the technology-upgrading mechanism.

2.2. Profit-Sharing Mechanism

Research using a negotiation model shows that enterprises are willing to share their
profits with employees when the profit situation improves, to give full play to their employ-
ees’ work enthusiasm and obtain more profits [20]. Relevant studies also provide a more
abundant theoretical basis and empirical evidence for profit sharing between enterprises
and employees [21,22]. On the one hand, exports will increase the profits of enterprises;
on the other hand, exports will enhance the wage bargaining power of the labour force
and help to realise profit sharing between the labour force and enterprises [23]. With the
development of city exports, low-productivity enterprises are eliminated. Due to export
competition and to continue to stay in the international market, export enterprises will
improve the technical level and productivity of the labour force through R&D, innovation,
training and other measures and, hence, increase the profits of the enterprises. Under the
mechanism of profit sharing, labour wages will increase, thus increasing the city wage.
This analysis led us to develop the following hypothesis:

Hypothesis 2. City exports improve city wages through the profit-sharing mechanism.

3. Model, Data and Variable
3.1. Model
3.1.1. Baseline Estimation Model

This paper sets the following baseline model to test the impact of city exports on city wages.

lnwagect = α0 + α1Invaluect + α2CVct + εct (1)
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3.1.2. Mediating Effect Model

Following the application of the mediating effect model in the existing study [24,25],
this paper tests the mechanism by which city exports impact city wages. The mediating
effect model is mainly divided into three steps: first, the dependent variable regresses the
independent variable; second, the intermediary variable regresses the independent variable;
third, the dependent variable regresses the independent variable and the intermediary
variable at the same time.

Based on the aforementioned analysis, city exports indirectly raise city wages through
the technology-upgrading mechanism and profit-sharing mechanism. This paper intro-
duces the intermediary variables of the city R&D level (lnRD) and city GDP level (lnGDP)
to construct the mediating effect model. The specific idea is as follows: first, the mediating
variables city RD and GDP are used to regress the explanatory variable city exports to
verify the impact of city exports on city RD and city GDP; and then city wages are used to
regress city exports as well as city RD and GDP simultaneously, to verify the impact of city
exports on city wages through city RD and GDP. The mediating effect model consists of the
following three models:

InRDct = β0 + β1Invaluect + β2CVct + εct (2)

InGDPct = γ0 + γ1Invaluect + γ2CVct + εct (3)

Inwagect = θ0 + θ1Invaluect + θ2InGDPct + θ3InRDct + θ4CVct + εct (4)

Models (2) and (3) are used to test the impacts of city exports on city R&D and GDP, and
Model (4) is used to examine the effects of city exports, R&D and GDP on city wages. Mod-
els (1)–(4) are combined to test whether city exports influence city wages through R&D and
GDP and then verify the profit-sharing mechanism and technology-upgrading mechanism.

3.2. Data and Variable

The paper uses matched data from the China Urban Statistical Yearbook Database and
China Customs Statistical Database during 2004–2013. After the processing of the original
data, 2065 sample data from 286 cities at the prefecture level and above are obtained.

The explanatory variable is city wage (lnwage). There are three explanatory variables:
the amount of city exports (lnvalue), city R&D (lnRD) and city GDP (lnGDP). The control
variables mainly include (1) city labour productivity (lnprod), which is defined as the
logarithmic value of the total output value of the industrial enterprises and the ratio of
the annual average number of employees of the industrial enterprises; (2) the level of city
economic agglomeration (lndens), which is based on the related research on city economic
agglomeration [26], so this paper uses enterprise density (defined as the logarithmic value
of the number of enterprises to the land area ratio of municipal districts) to describe
the level of city economic agglomeration; (3) city FDI (lnFDI), which is, in this paper, the
logarithmic value of the actual amount of foreign investment in the city; (4) city construction
infrastructure (lninfras), which is measured by the logarithm of a city’s per capita road
pavement area; and (5) city fixed asset investment (lnfixinv), which is measured by the
logarithm of the total investment in fixed assets.

4. Empirical Results and Analysis
4.1. Baseline Results

This paper first examines the impact of city exports on city wages by OLS and FE
estimates. The results are shown in columns (1) and (2) of Table 1. It can be seen from
the results that both the OLS and FE estimates show that city exports have a significant
positive effect on city wages. The FE estimate results indicate that for every 1% increase in
city exports, city wages increase by 3.58%.
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Table 1. Baseline results.

Variable

Model 1 Model 2 Model 3 Model 4

(1) (2) (3) (4) (5) (6) (7) (8)

OLS FE OLS FE OLS FE OLS FE

lnvalue 0.0419 ***
(0.0043)

0.0358 ***
(0.0036)

0.0389 ***
(0.0097)

0.0506 ***
(0.0087)

0.0607 ***
(0.0059)

0.0733 ***
(0.0063)

0.0433 ***
(0.0044)

0.0287 ***
(0.0037)

lnprod 0.2196 **
(0.0111)

0.0419 ***
(0.0096)

0.0432 *
(0.0248)

0.1398 ***
(0.0232)

0.0029 *
(0.0153)

0.0847 ***
(0.0167)

0.2239 ***
(0.0109)

0.0368 ***
(0.0098)

lndens 0.0019 *
(0.0268)

0.0704 ***
(0.0206)

0.3404 ***
(0.0597)

0.3571 ***
(0.0496)

0.3063 **
(0.0367)

0.2796 ***
(0.0356)

0.0030 *
(0.0267)

0.0441 **
(0.0207)

lnFDI −0.0290 ***
(−0.0029)

−0.0156 ***
(−0.0022)

−0.0025 *
(−0.0064)

−0.0129 **
(−0.0053)

−0.0120 ***
(−0.0039)

−0.0028 *
(−0.0039)

−0.0285 ***
(−0.0028)

−0.0163 ***
(−0.0022)

lninfras 0.0692 **
(0.0121)

0.0636 ***
(0.0091)

0.1655 **
(0.0268)

0.1726 ***
(0.0221)

0.0383 **
(0.0166)

0.0427 ***
(0.0159)

0.0819 ***
(0.0119)

0.0687 ***
(0.0092)

lnfixinv 0.1373 ***
(0.0087)

0.0894 ***
(0.0068)

0.7427 **
(0.0193)

0.6973 ***
(0.0164)

0.7996 **
(0.0119)

0.8191 ***
(0.0119)

0.1399 ***
(0.0155)

0.0149 *
(0.0125)

lnGDP 0.0905 ***
(0.0171)

0.0811 ***
(0.0147)

lnRD 0.0955 ***
(0.0105)

0.0142 *
(0.0106)

Year FE Yes Yes Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes Yes Yes

N 2065 2065 2049 2049 2045 2045 2034 2034
R2 0.5787 0.4058 0.7199 0.7578 0.8761 0.4994 0.5973 0.4224

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * represents a
significance level of 10%.

After confirming the positive effect of city exports on city wages, this paper further
investigates the mechanism by which city exports impact city wages through the mediating
effect model. The impact of city exports on the intermediate variables city R&D and GDP
is shown in columns (3)–(6) of Table 1. From the estimation results, we can see that the
estimated coefficients of the lnvalue are all significantly positive at the 1% level, which
indicates that city exports contribute significantly to the improvement of city R&D and
GDP. Columns (7) and (8) of Table 1 report the estimation results of model (4), that is, the
impact of city exports on city wages after adding the intermediary variables city R&D and
GDP. The estimation results indicate that the estimated coefficients of lnRD and lnGDP are
significantly positive at the 1% level. Based on the estimation results of Models (1)–(4), it
can be concluded that city exports increase city wages by increasing city R&D and GDP,
which support hypotheses 1 and 2.

4.2. Robustness Test
4.2.1. Endogenous Problem

There may be an endogenous relationship between city exports and city wages: the
export scale of a city with a higher wage level is also larger, so the development of city
exports will further enhance city wages. To solve the inconsistency and estimation error
caused by the endogeneity problem, this paper further estimates the model by finding a
suitable instrumental variable (IV). Referring to the study from Qian, Huang and Huang
(2012) [27], this paper estimates Models (1)–(4) by using the lag phase of city exports as
an instrumental variable. The results are shown in Table 2. The estimated coefficients of
city exports are significantly positive after using the instrumental variable, showing that
city exports increase city wages by raising city R&D and GDP, which is consistent with the
previous benchmark estimation results.
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Table 2. IV estimation results.

Variable Model 1 Model 2 Model 3 Model 4

lnvalue 0.1827 ***
(0.0240)

0.4564 ***
(0.0601)

0.0656 **
(0.0269)

0.2245 ***
(0.0309)

lnprod 0.1694 ***
(0.0161)

0.1934 ***
(0.0403)

0.0046 *
(0.0179)

0.1024 ***
(0.0215)

lndensity 0.0436
(0.0043)

0.1905 *
(0.1111)

0.3002 ***
(0.0496)

0.0222 *
(0.0315)

lnFDI −0.0436 ***
(−0.0043)

−0.0409 ***
(−0.0107)

−0.0115 **
(−0.0048)

−0.0119 ***
(−0.0035)

lninfras 0.0354 **
(0.0159)

0.2639 ***
(0.0396)

0.0394 **
(0.0177)

0.0812 ***
(0.0139)

lnfixinv 0.0235 *
(0.0218)

0.4057 ***
(0.0543)

0.5957 ***
(0.0246)

0.1258 ***
(0.0179)

lnGDP 0.1423 ***
(0.0238)

lnRD 0.1067 ***
(0.0121)

Year FE Yes Yes Yes Yes
City FE Yes Yes Yes Yes

N 2042 2049 2045 2034
R2 0.3620 0.4663 0.6541 0.4786

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * represents a
significance level of 10%.

4.2.2. Changing Export Metrics

This paper changes the measurement of city exports by using the sum of the number of
city export types and the number of city export destinations, instead of city export amounts,
to estimate Models (1)–(4). The results of Table 3 show that the estimated coefficients of
city exports are significantly positive at the 1% level, which are in line with the previous
benchmark estimation.

Table 3. Estimation results after changing export metrics.

Variable

Model 1 Model 2 Model 3 Model 4

(1) (2) (3) (4) (5) (6) (7) (8)

OLS FE OLS FE OLS FE OLS FE

lnvalue 0.0267 ***
(0.0060)

0.0286 ***
(0.0049)

0.0622 ***
(0.0132)

0.0753 ***
(0.0117)

0.0709 ***
(0.0082)

0.0443 ***
(0.0087)

0.0301 ***
(0.0060)

0.0226 ***
(0.0048)

lnprod 0.2269 ***
(0.0114)

0.0497 ***
(0.0097)

0.0115 *
(0.0248)

0.1295 ***
(0.0231)

0.0394 **
(0.0155)

0.1008 ***
(0.0172)

0.2294 ***
(0.0111)

0.0402 ***
(0.0098)

lndensity 0.0874 ***
(0.0277)

0.0833 ***
(0.0211)

0.3151 ***
(0.0604)

0.3360 ***
(0.0501)

0.2979 ***
(0.0375)

0.3234 ***
(0.0370)

0.0694 **
(0.0275)

0.0492 **
(0.0212)

lnFDI −0.0200 ***
(−0.0031)

−0.0161 ***
(−0.0023)

−0.0042 *
(−0.0067)

−0.0071 *
(−0.0055)

−0.0061 *
(−0.0042)

−0.0039 *
(−0.0041)

−0.0199 ***
(−0.0030)

−0.0168 ***
(−0.0023)

lninfras 0.0849 ***
(0.0123)

0.0661 ***
(0.0093)

0.1692 ***
(0.0269)

0.1765 ***
(0.0221)

0.0387 **
(0.0167)

0.0349 **
(0.0164)

0.0998 ***
(0.0122)

0.0095 **
(0.0127)

lnfixinv 0.1844 ***
(0.0086)

0.1016 ***
(0.0069)

0.7439 ***
(0.0187)

0.6943 ***
(0.0163)

0.8142 ***
(0.0117)

0.8524 ***
(0.0122)

0.1484 ***
(0.0158)

0.0095 **
(0.0127)

lnGDP 0.0423 **
(0.0173)

0.1031 ***
(0.0145)

lnRD 0.0971 ***
(0.0107)

0.0091 *
(0.0107)

Year FE Yes Yes Yes Yes Yes Yes Yes Yes
Ctiy FE Yes Yes Yes Yes Yes Yes Yes Yes

N 2042 2042 2049 2049 2045 2045 2034 2034
R2 0.5636 0.4624 0.7199 0.6369 0.876 0.8961 0.5812 0.4405

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * represents a
significance level of 10%.
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4.2.3. Re-Estimating Mechanism

The paper generates two interactive terms (one is city exports and city R&D (value
* RD), while the other is city exports and city GDP (value * GDP)) to re-estimate the
technology-upgrade mechanism and profit-sharing mechanism, respectively. The estimated
results of the technology-upgrade mechanism are shown in columns (1) and (2) of Table 4,
while the estimated results of the profit-sharing mechanism are shown in columns (3) and (4)
of Table 4. Compared with the results of the baseline estimation, although the significance
of the technology-upgrade mechanism estimation is reduced, it is still significant at the
level of 5%, and the coefficients and significance of the other variables are consistent with
the results of the baseline estimation.

Table 4. Re-estimating results of mechanism.

Variable

Technology-Upgrade Mechanism Profit-Sharing Mechanism

(1) (2) (3) (4)

OLS FE OLS FE

lnvalue 0.0522 ***
(0.0114)

0.0146 *
(0.0112)

0.0739 **
(0.0176)

0.0624 **
(0.0140)

ln(value * RD) 0.0955 ***
(0.0105)

0.0142 *
(0.0106)

ln(value * GDP) 0.0433 ***
(0.0045)

0.0287 ***
(0.0037)

lnprod 0.2239 ***
(0.0109)

0.0368 ***
(0.0098)

0.2194 ***
(0.0111)

0.0339 ***
(0.0096)

lndensity 0.0031 *
(0.0268)

0.0441 **
(0.0207)

0.0105 *
(0.0272)

0.0459 ***
0.0206)

lnFDI −0.0285 ***
(−0.0028)

−0.0163 ***
(−0.0022)

−0.0292 ***
(−0.0029)

−0.0162 ***
(−0.0022)

lninfras 0.0819 ***
(0.0119)

0.0686 ***
(0.0092)

0.0677 ***
(0.0121)

0.0665 ***
(0.0091)

lnfixinv 0.1399 ***
(0.0155)

0.0149 *
(0.0125)

0.1646 ***
(0.0156)

0.0169 *
(0.0124)

Year FE Yes Yes Yes Yes
City FE Yes Yes Yes Yes

N 2034 2034 2036 2036
R2 0.5973 0.4224 0.5808 0.4910

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * represents a
significance level of 10%.

The above tests show that the conclusion of the benchmark estimation is robust and reliable.

5. Heterogeneity Analysis

The wages in a city vary greatly with its location and scale. Take the large city of
Shanghai in the east and the small city of Jiayuguan in the west as examples: according to
the Chinese Statistical Yearbook, during the sample period, the average wage of Shanghai
in 2004 was RMB 30,002.4, while the average wage of Jiayuguan was RMB 22,354.4. Thus,
the average wage in Shanghai was 1.34 times that in Jiayuguan. However, the average
wage of Shanghai in 2011 rose to RMB 77,144.95, while the average wage of Jiayuguan
rose to RMB 53,833.81, meaning the average wage gap between Shanghai and Jiayuguan
widened further by 1.43 times. To determine whether city exports with different locations
and sizes have different influences on city wages, the sample cities are divided according
to their location and scale. Figures 2 and 3 show that city wages are different because of
city location and scale, respectively.
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(0.0119) 

0.0686 *** 
(0.0092) 

0.0677 *** 
(0.0121) 

0.0665 *** 
(0.0091) 

lnfixinv 
0.1399 *** 
(0.0155) 

0.0149 * 
(0.0125) 

0.1646 *** 
(0.0156) 

0.0169 * 
(0.0124) 

Year FE Yes Yes Yes Yes 
City FE Yes Yes Yes Yes 

N 2034 2034 2036 2036 
R2 0.5973 0.4224 0.5808 0.4910 

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * repre-
sents a significance level of 10%. 
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city location and scale, respectively. 
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5.1. Location Heterogeneity

Different cities in China have different economic development levels due to their
different geographical locations and resource endowments, which will affect city wages.
Since the industrial division of labour varies by region, the impact of exports on the labour
market at the regional level will also be different [28]. To determine whether the impact
of city exports on city wages varies with the location of a city, this paper refers to the
administrative territorial entity standard of the National Bureau of Statistics of China,
dividing 286 cities at the prefecture level and above into three types: eastern cities, central
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cities and western cities. On this basis, Model (1) is estimated to test the effect of city
exports on city wages. The results are shown in Table 5.

Table 5. Location heterogeneity estimation results.

Variable

Eastern Cities Central Cities Western Cities

(1) (2) (3) (4) (5) (6)

OLS FE OLS FE OLS FE

lnvalue 0.0830 ***
(0.0085)

0.0261 ***
(0.0079)

0.0289 ***
(0.0068)

0.0189 ***
(0.0055)

0.0201
(0.0140)

0.0165
(0.0188)

lnprod 0.2991 ***
(0.0199)

0.1043 ***
(0.0173)

0.1937 ***
(0.0197)

0.0412 **
(0.0169)

0.1716 ***
(0.0196)

0.0323 **
(0.0155)

lndensity 0.0910 ***
(0.0305)

0.0666 ***
(0.0236)

0.2487 ***
(0.0603)

0.0899 **
(0.0451)

0.1378
(0.1504)

0.1342
(0.1077)

lnfdi −0.0413 ***
(−0.0084)

−0.0052
(−0.0067)

−0.0197 ***
(−0.0055)

−0.0056
(−0.0041)

−0.0219 ***
(−0.0051)

−0.0113 ***
(−0.0037)

lninfras 0.0112
(0.0163)

0.0022
(0.0123)

0.1339 ***
(0.0226)

0.1165 ***
(0.0166)

0.1128 ***
(0.0266)

0.1309 ***
(0.0190)

lnfixinv 0.0948 ***
(0.0141)

0.0735 ***
(0.0109)

0.1677 ***
(0.0149)

0.1201 ***
(0.0114)

0.1244 ***
(0.0202)

0.0106
(0.0156)

Year FE Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes

N 790 790 819 819 433 433
R2 0.6313 0.5572 0.5646 0.4581 0.4907 0.3671

Notes: *** represents a significance level of 1%, and ** represents a significance level of 5%.

The impact of city exports on the wages of eastern and central cities is significantly
positive, the impact of city exports on the wages of eastern cities is greater than that on
the wages of central cities, and the impact of city exports on the wages of western cities is
not significant. The possible reason is that eastern and central cities have higher levels of
economic development and openness to the outside world than western cities, especially
because the eastern cities’ degree of participation in globalization, export scale and quality
are all higher. For western cities, although the government has given much policy support,
due to the restrictions of natural conditions, resource endowments, institutional environ-
ments and other locational factors, openness to the outside world began late, so the exports
scales are still different from those of the central and eastern cities, and the promotion of
exports to wages is not exerted.

5.2. Scale Heterogeneity

City wage varies greatly with the scale of cities. There is a positive correlation between
the size of a city and its wage premium [29,30]. A study using China’s Comprehensive
Social Survey Data and city data found that the wage premium in large cities ranges from
14.4% to 38.9% [4]. To test the heterogeneous impact of city exports on city wages due to
the city-scale difference, this paper divides cities into large cities (including megacities),
medium cities and small cities. According to the circular of the State Council of China of
2014 on the adjustment of the criteria for the division of city scale, this paper defines a
megalopolis as a city with a population of more than 5 million people, a large city as a
city with a population of 1 million to 5 million, a medium city as a city with a population
of 500,000 to 1 million, and a small city as a city with a population of less than 500,000.
The subdivided samples are estimated by the OLS and FE methods. The results are
shown in Table 6.
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Table 6. Scale-heterogeneity estimation results.

Variable

Large Cities Medium Cities Small Cities

(1) (2) (3) (4) (5) (6)

OLS FE OLS FE OLS FE

lnvalue 0.0508 ***
(0.0062)

0.0433 ***
(0.0054)

0.0072
(0.0157)

0.0048
(0.0075)

0.0091
(0.0084)

0.0067
(0.0064)

lnprod 0.3505 ***
(0.0191)

0.1159 ***
(0.0167)

0.2339 ***
(0.0241)

0.0146 *
(0.0210)

0.1412 ***
(0.0169)

0.0341 **
(0.0143)

lndensity 0.1559 ***
(0.0346)

0.1799 ***
(0.0249)

0.0486
0.0489

0.0102 *
(0.0367)

0.0979 *
(0.0552)

0.0135
(0.0441)

lnfdi −0.0296 ***
(−0.0070)

−0.0008 *
(−0.0051)

−0.0303 ***
(−0.0061)

−0.0139 ***
(−0.0046)

−0.0284 ***
(−0.0038)

−0.0151 ***
(−0.0031)

lninfras 0.0636 ***
(0.0212)

0.0408 ***
(0.0149)

0.0038
(0.0256)

0.0571 ***
(0.0194)

0.1045 ***
(0.0178)

0.0763 ***
(0.0143)

lnfixinv 0.1504 ***
(0.0159)

0.1079 ***
(0.0117)

0.1931 ***
(0.0232)

0.1268 ***
(0.0177)

0.1658 ***
(0.0176)

0.0663 ***
(0.0149)

Year FE Yes Yes Yes Yes Yes Yes
City FE Yes Yes Yes Yes Yes Yes

N 569 569 661 661 812 812
R2 0.6148 0.4944 0.5059 0.3880 0.4848 0.4458

Notes: *** represents a significance level of 1%, ** represents a significance level of 5%, and * represents a
significance level of 10%.

This shows that the exports of large cities have a significant positive effect on wages,
while the exports of medium and small cities have no significant effect on wages. This
paper holds that the possible reason is that large cities have diversified their exports, and,
by entering the market through new product categories, they can not only maintain the
stability of export income but also, overall, promote the improvement of productivity,
thus promoting city wages. While the exports of medium cities and small cities are more
dependent on the expansion of their export quantities, there is still a large gap between
them and large cities in the research and development of new products and technolog-
ical innovation, and exports cannot play an effective role in raising wages through the
technological-upgrading mechanism.

6. Conclusions

This paper analyses the impact and mechanism of exports on wages of 286 cities at or
above the prefecture level in China by using matched data from the China Urban Statistical
Yearbook Database and China Customs Statistical Database during 2004–2013. The main
findings are as follows. First, city exports raise city wages through technology-upgrading
mechanisms and profit-sharing mechanisms. This conclusion is robust in the case of using
instrumental variable estimation, which changes the measurement of city exports and
retests the mechanism. Second, the impact of city exports on city wages varies with a city’s
scale and location heterogeneity. The results show that the exports of eastern and central
cities increase city wages, while the exports of western cities have no significant effect on
wages. The exports of large cities raise city wages, while the exports of medium and small
cities have no impact on wages.

Based on the above findings, we put forward the following policy recommendations.
First, in the process of urbanization, it is imperative to promote diversified exports by
enlarging export amounts, expanding export destinations and enriching the types of
exports, to give full play to the role of exports in raising wages. Second, the government
and enterprises should attach great importance to the role played by R&D and education
investment in raising wages and increasing the vocational and technical training of the
labour force.

Finally, the limitations of this study are as follows. First, we could only obtain export
data from the China Customs Statistical Database during the period of 2004–2013. In
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the future, empirical studies on the long-term effect of exports on city wage should be
conducted based on other available survey data. Second, as there was no significant policy
change during the analysed period, we could not investigate the effect of export-promotion
policy on the income level. An in-depth study using a quasi-experimental method should
be conducted in the future. Despite the above-mentioned limitations, we believe that
our study, which fully exploits the abundant data, provides new insights into the causal
relationship between exports and city wage.

Author Contributions: Conceptualisation, C.Z. and S.W.; methodology, C.Z. and S.W.; software, S.W.;
formal analysis, C.Z.; resources, C.Z. and S.W.; data curation, C.Z. and S.W.; writing—original draft
preparation, C.Z. and S.W.; writing—review and editing, C.Z. and S.W.; visualisation, C.Z. and S.W.;
supervision, C.Z. and S.W.; project administration, C.Z. and S.W.; funding acquisition, C.Z. and S.W.
All authors have read and agreed to the published version of the manuscript.

Funding: This work is supported by the One Belt and One Road College of Beijing Normal University,
Zhuhai, China (Grant No. 2019BRSKYC002) and the 2022 Characteristic Innovation Project of the
Ordinary Colleges and Universities of the Department of Education of Guangdong Province (Grant
No. 2022WTSCX181).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data is unavailable due to privacy.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Henderson, V.; Becker, R. Political Economy of City Sizes and Formation. J. Urban Econ. 2000, 48, 453–484. [CrossRef]
2. Dewey, J.; Montes, G. Inter-city wage differentials and intra-city workplace centralization. Reg. Sci. Urban Econ. 2009, 39, 602–609.

[CrossRef]
3. De la Roca, J.D.L.; Puga, D. Learning by Working in Big Cities. Rev. Econ. Stud. 2017, 84, 106–142. [CrossRef]
4. Wang, J. Economic Agglomeration, Skill Matching and Wage Premium in Large Cities. Manag. World 2021, 4, 83–97.
5. Peng, S.H. Urban scale and wage premium: Evidence from China. J. Asia Pac. Econ. 2019, 24, 468–480. [CrossRef]
6. Trana, T.B.; Lab, H.A.; Lea, N.H.M.; Nguyen, K.D. Urban wage premium and informal agglomeration in Vietnam. Eurasian Geogr.

Econ. 2022, l63, 1–31. [CrossRef]
7. Brakman, S.; Hu, S.; Van Marrewijk, C. Urban development in China: On the sorting of skills. J. Int. Trade Econ. Dev. 2021, 30,

793–817. [CrossRef]
8. Combes, P.; Duranton, G.; Gobillon, L.; Roux, S. Sorting and Local Wage and Skill Distributions in France. Reg. Sci. Urban Econ.

2021, 42, 913–930. [CrossRef]
9. Baum-Snow, N.; Pavan, R. Understanding the City Size Wage Gap. Rev. Econ. Stud. 2012, 79, 88–127. [CrossRef]
10. Mion, G.; Naticchioni, P. The Spatial Sorting and Matching of Skills and Firms. Can. J. Econ. 2009, 42, 28–55. [CrossRef]
11. Zhang, G.F.; Wang, Y.J. Agglomeration and Selection Effect for Wage Gap between Cities in China: Study Using the Unconditional

Distribution Feature-Parameter Correspondence Approach. China Ind. Econ. 2018, 12, 60–78.
12. Andersson, M.; Klaesson, J.; Larsson, J.P. The Sources of the Urban Wage Premium by Worker Skills: Spatial Sorting or

Agglomeration Economies. Pap. Reg. Sci. 2014, 93, 727–747. [CrossRef]
13. Deng, M.; Zhou, H. Which Gains More from Trade Openness: Big or Small Cities? J. Xiamen Univ. 2021, 2, 111–124.
14. Yang, J.L. International Trade and China’s Technological Progress: Based on Decomposed Trade Data. Int. Bus. 2019, 3, 46–58.
15. Cui, J.B.; Zhang, X.; Zhuang, Z.; Cheng, Y. Firm Exports and Innovation: Evidence from Zhongguancun Firm-level Innovation

Data. Manag. World 2021, 1, 76–86.
16. Caldera, A. Innovation and Exporting: Evidence from Spanish Manufacturing Firms. Rev. World Econ. 2010, 146, 657–689.

[CrossRef]
17. Roper, S.; Love, J. Innovation and Export Performance: Evidence from the UK and German Manufacturing Plants. Res. Policy

2002, 31, 1087–1102. [CrossRef]
18. Borrs, L.; Knauth, F. Trade, technology, and the channels of wage inequality. Eur. Econ. Rev. 2021, 131, 103607. [CrossRef]
19. Chen, W.T.; Zhu, S.; Yan, W. Export Technology Upgrading and Income Gap between Urban and Rural Workers. World Econ. Stud.

2021, 3, 30–48.
20. Kramarz, F. Offshoring, Wages, and Employment: Evidence from Data Matching Imports. Firms and Workers. 2008. Available online:

https://academic.oup.com/book/9101/chapter-abstract/155673960?redirectedFrom=fulltext (accessed on 12 November 2022).
21. Martins, P.S.; Opromolla, L.D. Exports, Imports and Wages: Evidence from Matched Firm-Worker-Product Panel; IZAD Discussion

Paper, No. 4646; IZA: Bonn, Germany, 2009.

http://doi.org/10.1006/juec.2000.2176
http://doi.org/10.1016/j.regsciurbeco.2009.03.007
http://doi.org/10.1093/restud/rdw031
http://doi.org/10.1080/13547860.2019.1624335
http://doi.org/10.1080/15387216.2022.2112608
http://doi.org/10.1080/09638199.2021.1919181
http://doi.org/10.1016/j.regsciurbeco.2012.11.003
http://doi.org/10.1093/restud/rdr022
http://doi.org/10.1111/j.1540-5982.2008.01498.x
http://doi.org/10.1111/pirs.12025
http://doi.org/10.1007/s10290-010-0065-7
http://doi.org/10.1016/S0048-7333(01)00175-5
http://doi.org/10.1016/j.euroecorev.2020.103607
https://academic.oup.com/book/9101/chapter-abstract/155673960?redirectedFrom=fulltext


Sustainability 2023, 15, 999 12 of 12

22. Long, P.D.; Ngoc, P.T.B.; Gorg, H. Trade Liberalization and Labor Market Adjustments: Does Rent Sharing Matter? Emerg. Mark.
Financ. Trade 2021, 57, 1828–1841. [CrossRef]

23. Liu, C.L.; Wang, Y. Export Growth and Wage Inequality across Firms: Mechanism and Impacts. J. World Econ. 2009, 12, 99–120.
24. Qian, X.S.; Du, L.; Ma, W.T. A Study on Interest Rate Channel of Monetary Policy in China: Mediation Effect and the Difference

between Inside and Outside of the Institutional System. Manag. World 2015, 11, 11–28.
25. Baron, R.M.; Kenny, D.A. The Moderator Mediator Variable Distinction in Social Psychological Research: Conceptual, Strategic

and Statistical Considerations. J. Personal. Soc. Psychol. 1986, 51, 1173–1182. [CrossRef] [PubMed]
26. Giannakis, E.; Bruggeman, A. Determinants of Regional Resilience to Economic Crisis: A European Perspective. Eur. Plan. Stud.

2017, 25, 1394–1415. [CrossRef]
27. Qian, X.F.; Huang, J.L.; Huang, Y.H. Have Local Governments Taxed Agglomeration Rents? Manag. World 2012, 2, 19–29.
28. Kovak, B. Regional Effects of Trade Reform: What is the Correct Measure of Liberalization? Am. Econ. Rev. 2013, 103, 1960–1976.

[CrossRef]
29. Glaeser, E.L.; Mare, D.C. Cities and Skills. J. Labour Econ. 2001, 19, 316–342. [CrossRef]
30. D’Costa, S.; Overman, H.G. The Urban Wage Growth Premium: Sorting or Learning? Reg. Sci. Urban Econ. 2014, 48, 168–179.

[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/1540496X.2019.1643316
http://doi.org/10.1037/0022-3514.51.6.1173
http://www.ncbi.nlm.nih.gov/pubmed/3806354
http://doi.org/10.1080/09654313.2017.1319464
http://doi.org/10.1257/aer.103.5.1960
http://doi.org/10.1086/319563
http://doi.org/10.1016/j.regsciurbeco.2014.06.006

	Introduction 
	Mechanism 
	Technology-Upgrading Mechanism 
	Profit-Sharing Mechanism 

	Model, Data and Variable 
	Model 
	Baseline Estimation Model 
	Mediating Effect Model 

	Data and Variable 

	Empirical Results and Analysis 
	Baseline Results 
	Robustness Test 
	Endogenous Problem 
	Changing Export Metrics 
	Re-Estimating Mechanism 


	Heterogeneity Analysis 
	Location Heterogeneity 
	Scale Heterogeneity 

	Conclusions 
	References

