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Abstract

Notable heterogeneity regarding international trade freeness and level of develop-

ment across different regions with significant cross-provincial migration has been a promi-

nent feature in contemporary China. This paper studies the particular role of interna-

tional trade in the structural transformation of each region in China. Combining several

databases, I find that there exhibits a non-monotone, hump-shaped relationship between

international trade freeness and prefecture-level manufacture labor share in China. I ra-

tionalize this stylized fact in a spatial equilibrium model with multi-region, multi-sector,

costly trade and endogenous allocation of labor, capital, and land. The analysis high-

lights the role of internal geography in the international trade’s impact of shaping the

structural changes.

*I’m extremely grateful to my advisers, Robert C. Feenstra, Christopher M. Meissner, Giovanni Peri, Ina
Simonovska for their guidance and support. I also thank Colin Carter, Ben Faber, Thibault Fally, Li Fang,
Xiaoyi Han, Anna Ignatenko, Ding Lu, Ming Lu, Ziho Park, Sarah Quincy, Andrés Rodríguez-Clare, Luis Felipe
Saenz, Yongseok Shin, Wing Woo, Mingzhi Xu, Yingyan Zhao for their helpful comments and discussions, as
well as seminar and conference participants at UC Davis, 6th International Workshop on Regional, Urban and
Spatial Economics in China, 3rd Biennial Conference of China Development Studies, 12th Economics Graduate
Students Conference at Washington University in St. Louis. Financial support from UC Davis summer research
travel grant is gratefully acknowledged. Please direct correspondence to: Xuan Fei, University of California,
Davis, email: xuafei@ucdavis.edu. All errors are mine.



1 Introduction

Structural transformation, defined as reallocation of resources across the broad economic
sectors agriculture, manufacture and service is one of the leading stylized facts of develop-
ment (Kuznets (1966)). It is also the target of many policy interventions of many emerging
economies and developed countries. However, there remains no consensus on the economic
forces that drive the process of structural transformation. Recent literature has started fo-
cused on the role of global integration, especially international trade in shaping the pattern
of structural transformation.1 This linkage is natural since theoretically, the fundamental
role of international trade is to facilitate specialization via an efficient reallocation of em-
ployment and other factors of production across sectors.

However, these linkages are often analyzed at the aggregate country level, implicitly
viewing every country as a point in space. Realistically, countries differ substantially on their
internal geography including internal trade costs and internal migration cost. In policy, the
role of internal trade cost and internal migration cost that prohibit countries to participate
in world markets has also received renewed attention, and a growing literature suggests
that internal trade cost and internal migration cost could be large.2 What is the role of inter-
national trade in the pattern of structural transformation at the disaggregated level taking
account of the geographic variations within a country?

I apply this question in the setting of China since China exhibits considerable economic
differences within a country and is a particular ideal setting for investigating this question.
The economic distribution of China is in Figure 1. The manufacturing sector is concentrated
in the coastal areas from Figure 2a and agriculture sector’s share is higher at the inland ar-
eas from Figure 2b. Eastern coast tends to be more open and has higher migrant worker
shares, suggesting the cross-provincial migration from the interior regions to coastal areas.
After China joins WTO, we have witnessed increasing external integration driven by imple-
mentations of phased tariff reductions.3 The extraordinary growth of the exports in China
accompanied by massive rural-to-urban and cross-provincial migration of over 150 million
workers (Chen et al. (2010)) due to the geographic variation within the country regarding
income and trade openness. These migrant workers mostly move to prefectures that faced

1See, for example, Matsuyama (2009), Uy et al. (2013), and Swiecki et al. (2014).
2See, for example, Atkin and Donaldson (2015) discusses the intra-national trade cost in African countries.

Desmet et al. (2015) emphasizes the importance of migration restrictions on the welfare gains from trade and
economic growth path, and Tombe et al. (2015) studies the implications of large intra-national trade cost and
labor migration cost in China on productivity.

3China’s simple average applied tariff was 17% in 2000 with the standard deviation across the six-digit
Harmonized System (HS6) products being 12%. By the end of 2005, the average tariff level reduced to 6%, and
the standard deviation almost halved. (Zi (2016))
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with relative larger export shock and fill in the jobs in the industries which are relatively
labor-intensive. External integration and its induced factor reallocation have the tremen-
dous impact on China’s Urbanization and structural transformation process.

China has faced spectacular exports boom with an annual growth rate of 15% from the
year 1999 with most of the exports concentrated in labor-intensive manufacture industries
and uneven exports share across regions (most of the exports concentrate in the east-coast
regions). However, in the meantime, the aggregate manufacture output share in China has
exhibited a hump-shape while the service output share in China has kept increasing from
39% in the year 1999 to 50% in the year 2015 with agriculture output share decreasing over
time.4 The increase in manufacture exports doesn’t naturally lead to the monotone increase
in China’s manufacture output share. In order to understand how trade liberalization af-
fects structural change, in this paper we emphasizes the underlying factor reallocations and
regional variations of trade exposures instead of simply considering the country as the point
compared to previous macro literature.

To answer the question raised above, I first use data from China City Year Statistics,
China Customs data, TRAINS Database and China Industrial Production Data to provide
cross-sectional evidence and document a stylized fact that there exists a non-monotone,
hump-shaped relationship between trade openness and manufacture labor share after con-
trolling for income per capita.5 To understand this stylized fact, I consider a open economy
with multiple regions. The level of country’s international trade cost affects the country’s
labor share of manufacture which is tradable. First, when the country has large interna-
tional cost and is far from the rest of world, it can be viewed as a point which means that
better market access will increase its manufacture labor share. This rise in manufacture la-
bor share is called market access channel. Second, when the country is close enough to the
world market, internal factor reallocation matters. Since labor migrates to coastal areas due
to higher wages, with limited land supply, leading to higher population density and lower
wage-rental ratio, coastal areas then choose to specialize in relatively more labor-intensive
and less land-intensive industries which are service sector and decrease its manufacture la-
bor share. This is called internal factor reallocation channel.

Theoretically, I develop a tractable quantitative general equilibrium model that deter-
mines the distribution of economic activity across regions and sectors. And these distri-

4The Manufacture output share was 45% in the year 1999 and then reached its highest value with 48% in
the year 2006 but declined after that and reached 41% in year 2015.

5Since Non-Homothetic preference is related to income and literature has documented higher income will
lead to changes in labor shares across different sectors with non-homothetic preference.(Uy et al. (2013) and
Swiecki et al. (2014)) This hump-shaped pattern still exists after controlling for income means that this hump-
shaped pattern is not simply driven by the non-homothetic preference.
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butions are crucial to understanding the economic development process since this process
is typically characterized by structural transformation and spatial inequalities. I model an
economy with many locations within a home country and the rest of the world. The model
contains two sectors manufacture as tradable and service as non-tradable. And each of the
sectors uses land and labor as factors of production with various intensities. The production
part follows Eaton and Kortum (2002). Labor and land in each location are endogenously
allocated across manufacture and service. Workers are mobile across regions and choose
their location to arbitrage away the real wage differences.

I then provide a numerical example of the model and the model offers a unifying ratio-
nale for patterns of spatial development within countries observed from the empirical styl-
ized fact: trade openness exhibits a non-monotone, hump-shaped relationship with manu-
facture labor share. I disentangle the non-linear relationship into two parts by showing the
extreme case of the numerical example.

I use the structure of the model to undertake counterfactuals for changes in land policy
and quantify its role in explaining changes in aggregate welfare. The process of urbanization
and development has enlarged the urban land demand in the major cities. However, due to
the considerations of an adequate food supply, the Chinese government imposes strict land
supply limits to ensure a certain amount of arable land, which has received many critics
concerning prohibiting the urbanization and giving rise to roaring housing prices in the
major cities. Increasing the biggest city’s land supply by 50%, while holding other variables
constant, increases the real wages by 1% while reducing the rents in the biggest city by 19%
and lead to a flattening manufacture labor share across cities.

My paper is related to a number of literature. First, my work is closely related to struc-
tural change and international trade. There are earlier works on structural change in an
open economy setting. Echevarria (1995) employ a dynamic general equilibrium model to
study the effect of trade on the composition of the national product and the overall growth
rate of the economy applying to OECD countries. Matsuyama (2009) presents a simple Ri-
cardian model and show that the growth in manufacturing productivity might not lead to a
decline in manufacturing employment in the open economy. A more recent one is Uy et al.
(2013) who specifically studies the importance of international trade in structural change
both theoretically in a Ricardian model following Eaton and Kortum (2002) and empirically.
Other similar works include Betts et al. (2013), Caselli and Coleman (2001), Herrendorf et al.
(2013), Ngai and Pissarides (2007), and Swiecki et al. (2014). However, none of them exploits
the within-country factor reallocation effect. In the macroeconomics literature, countries
are viewed as a point; in contrast, in this model, less remote areas higher population den-
sity, lower wage-rental ratios and therefore, leads to a structural transformation from man-
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ufacture to service. Literature has pointed out there are several determinants of structural
changes including sector-biased technological changes, nonhomothetic preferences, interna-
tional trade and changes wedges between factor costs across sectors.(Swiecki et al. (2014)).
This paper is trying to provide another different angel while taking internal geography into
consideration.

This paper is also related to growing theoretical literature on new economic geography
as synthesized by Fujita and Krugman (1999). Recently a small amount of paper starts to
develop quantitative models of trade with endogenous internal distributions of economic
activity, including Redding (2012), Allen and Arkolakis (2013), Caliendo et al. (2014), Coşar
and Fajgelbaum (2016). None of these papers examines the relationship between external
integration, structural transformation, and economic development.

This paper also connects with the growing spatial models and exercises applying to
China very recently including Fan (2015), Garriga et al. (2014), Tombe et al. (2015), Wang
(2015) and Zi (2016). These paper focuses different aspects of research questions but their
models all contain one specific feature that is uniquely critical to recent China: labor migration
and reallocation.6

The remainder of the paper is structured as follows. Section 2 discusses background.
Section 3 provides the main stylized fact I’ve found from the data. Section 4 develops a
theoretical model that rationalize the stylized facts from 3. Section 5 undertakes a quantita-
tive analysis and reports counterfactuals. Section 6 concludes. Further graphs, tables, and
technical derivations are in the appendix.

2 Background

Labor migration in China. The Chinese government started to formally institute a Hukou
registration system in 1958 to control the population mobility. Every Chinese citizen is as-
signed with a Hukou (registration status), classified as "rural" or "urban" in a administrative

6There are two paper that is highly related to my research question including Uy et al. (2013) and Fajgel-
baum and Redding (2014) but their focus point is slightly different from the question that I’m asking in this
paper. I want to look at the role of international trade in impacting structural transformation taking regional
factor reallocation into consideration. Uy et al. (2013) theoretically and empirically emphasizes the role of inter-
national trade on structural change in a two-country multi-sector open economy model through comparative
advantage effect of international trade but they didn’t look at the geographic variations within a country and
the effect of regional factor reallocation. Fajgelbaum and Redding (2014) studies the role of external integration
on structural change through the regional factor reallocation effect in a small open economy setting where they
view price index in the rest of world as exogenous. Although their small open economy assumption mainly
simplifies their model analysis and is also realistic in the historic Argentina background, this assumption also
neglects the comparative advantage effect through international trade due to this exogenous price index level.
If we model international trade following stylized Eaton and Kortum (2002) framework, the price index cannot
be exogenous if we allow comparative advantage of international trade.
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Figure 1: Economic distribution in China

(a) Manufacture Labor Share (b) Export Volume

(c) Agriculture Labor Share (d) Share of Migrant Workers

Notes: Sources are China Data Online (2008) and China NBS (2010). The darker the color is means, the bigger the numbers are.
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unit. If an individual wants to change their status (from rural to urban) or change the loca-
tion of Hukou registration, they need the approval from the government, which is extremely
hard to obtain. Hence, before the economic reform started from 19787, working out of one’s
Hukou registration location is severely prohibited. And then government relax the policy
in 1980s, but before 2003, workers without local Hukou still need to apply for a temporary
residence permit. After 2003, many provinces, especially the coastal provinces removed the
requirement of temporary residence permit for migrant workers due to the rise in demand
for workers in manufacturing, construction and labor intensive service industries.

This leads a massive rural-to-urban and cross-provincial migration: the fraction of the
urban population in the total population increased from the low level of 20 percent in 1980
to 60 percent in 2008, and the annual level of migration from rural areas to urban areas has
ranged from 0.2% to 3.2%, with a 1.5% average.

Correlations with the population densities. Figure 2 shows some prefecture-level eco-
nomic variables’ correlation with the population densities. As is shown in this figure, higher
population density is correlated with higher manufacture labor share and lower agriculture
labor share. At the same time, higher population density is also associated with higher ex-
port shock and higher urbanization rate.8 These simple correlations will guide us through
the discussions later on and help us better understand the economic development distribu-
tions in contemporary China.

3 Empirical Motivation

I start the analysis by looking at some stylized facts from the data to see a broad impact
of trade liberalization on the structural change within China. The cross-sectional evidence
provided here covers years 1998-2008. I will focus on the change in manufacture share in
this section and additional results in terms of other sectors can be found in the Appendix.

3.1 Empirical Strategy

The unit of my analysis is a prefecture in China, which is an administrative division ranking
between province and county. I construct a variable "Export Shock" (following the spirit of
Topalova (2010), David et al. (2013) and Bombardini and Li (2016)) to proxy for the trade

7"The Third Session of the Eleventh Central committee of the Party" in 1978 is widely conceived to be one of
the turning point in the path of China’s development. After this meeting, China began to transit into a market
economy from a central-planning economy.

8I will discuss in detail the measure of the export shock in the next section, and this is a measure of the trade
openness at the prefecture level.
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Figure 2: Stylized facts: correlations with population density

(a) Manufacture Labor Share (b) Export Shock

(c) Agriculture Labor Share (d) Urbanization Rate

Notes: Date source is China City Statistics in year 2008.
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openness for each prefecture I’m analyzing.

ExportShocki,t = ∑
k

Lik,t−1

Lk,t−1

∆EXkt

Li,t−1
,

where i represents for prefecture, k represents for industry. Lik,t−1 is the labor employment
in industry k and region i at last time period9, and ∆EXkt is the change of exports in sector k

at time t. We exploit the regional industry compositions to construct this variable.
I’m concerned that the error term might be affected demand and supply factors which

are correlated with the export shock measures since local productivity or factor supply
changes may have an impact on local output and exports. The Bartik approach measures
ExportShockit deal with this issue by not employing export expansion at the local level but
instead using a weighted average of national export expansion. But this approach also as-
sumes that other time-varying, region-specific determinants of the outcome variable are un-
correlated with (1) region’s initial industry composition and (2) industry shocks at the na-
tional level. I tackle this first issue (1) by controlling for pre-existing trends in the dependent
variable here.

Another concern of using the Bartik approach is that an industry cluster in a particular
location and the location also highly specializes this. And then condition (2) is not valid
since the national shock will co-move with the local shock. In this case, the Bartik approach
is unable to provide an exogenous local shock apart from national shock. To deal with this
possible endogeneity issue of ExportShockit , I use the tariff faced by China when China ex-
ports to other countries and construct an IV denoted as "ExportTari f fkt" by sector k at time
t. I assume that those tariff imposed by other countries are politically determined by foreign
countries and are uncorrelated to the economic circumstances within China. This variation
purely comes from foreign demand.

ExportTariff kt = ∑
j

EXk j,t−1

EXk,t−1
τk jt

where τk jt is the tariff imposed by China’s export destination country j in sector k at time t

and EXk j,t−1
EXk,t−1

is the destination country export share in sector k at time t− 1. I sum up all the
tariff across all the destination countries and they are weighted by their export share. The
following specification gives us the first-stage estimated exports in sector k at time t.

InEXkt = ηk +φt + γInExportTari f fkt + εkt

9Here, I use 10-year-lag.
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Figure 3: Constructed trade shock

Notes: The trade shock here is the estimated trade shock from equation (1). The blank areas are regions with
no trade statistics since they are remote.

where ηk is the sector fixed effect and φt is time fixed effect. I use the estimated exports from
the above specification to construct the estimated ExportShock variable below.

ˆExportShocki,t = ∑
k

Lik,t−1

Li,t−1

∆ ˆEXkt

Li,t−1
(1)

The estimated export shock can be seen from Figure 3. It roughly matches with our intuition
that coastal areas have higher export shock since they are closer to the world market while
the hinterland areas are more remote to the rest of the world.10 The first stage is reported in
Figure A.1.

And then the second-stage of the IV regression is11

∆yi = δ1 +δ2 ˆExportShocki +δ3∆Xi +δ4yini,i +δ5Capitali + vi

where yi is our dependent variable which might be manufacture output share or labor share
in prefecture i, Xi is a set of control variables including GDP, GDP per capita and sectoral pro-
ductivity changes, yini,i is the initial period’s value of our dependent variable in prefecture i.
I also include Capitali to control for prefectures which are the capital cities in a province.

10There are some dark areas in the west as well and this might be due to their abundant natural resources
like oil or coal.

11Since I only have one 10-year time lag here(1999-2008), I neglects the time subscript here. And the change
∆ is the value of year 2008 deducted by the value of year 1999.
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3.2 Data

I use China’s Customs Data to obtain the export data in prefecture level and sector level
(at HS-8 digit) covering year 1997-2015. The employment data is from China’s Manufacture
Annual Firm Survey Data (covers 1998-2008). This firm-level survey data accounts for 60%
of total manufacturing employment (Coşar and Fajgelbaum (2016)) though it doesn’t cover
all the firms in China. I use this dataset to measure the employment share for each region at
the sector level. However, this dataset is using 4-digit CIC (Chinese industry code). I created
a crosswalk to map this 4-digit CIC code to the HS-8 digit code in the China’s Customs Data
by standardizing them into ISIC industry code.12 The tariff data is TRAINS Database from
World Bank. And the macro indicators (contains the agriculture, manufacture and service
output and labor shares) at the prefecture level is from China’s City Statistics Yearbook.

3.3 Empirical Result

The empirical result is presented in this section. I look at the impact of trade liberalization
on the regional manufacture employment share among 1999-2008.13 As shown in Table 1,
there exists a significant hump shape in terms of the relationship between the trade shock
and manufacture labor share.14 The result is robust to both the change in labor share and
the ending period of labor share. I also show the scatter plot in Figure 4. I divide China into
four broad regions15 The scatter plot shows that east coast and western China has exbihited
a significant pattern of hump-shape while for the central China and northeast China, the
pattern is not very significant. Only when the trade shock has passed a cutoff point around
2-3 from the Figure 4 and Table 1 by using the back-of-envelope calculation, there exist a
hump-shape.16 Table 1’s result is also robust after dropping the outliers.

12I end up with 142 manufacture industries in the ISIC code.
13I could extend the time period more recently, but due to the employment data limitation (which only covers

until 2008), I choose this time period which has approximately 10 year gap and covering year 2001 when China
joins WTO. I also notice that there’s no significant changes in the intra-national trade cost during this period
which rules out this confounding possibility since the high-speed railway started to be massively construct
after 2008 and the major sizable and critical highways are almost constructed before 1998.

14This hump-shaped relationship also robustly passes the Lind and Mehlum (2010) test for non-monotone
relationships.

15The allocation of the four broad economics regions can be found in Figure A.2. There are four broad
economic regions in China: East coast, Central China, Northeast China and Western China.

16I also divide the regions into two group: east coast and western China, central China and northeast, and I
find the two group has different patterns. The empirical result can be found in Table A.1.
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Table 1: Trade liberalization and Manufacture Labor share

Change in Labor Share Level in Labor Share
OLS 2SLS OLS 2SLS

ExportShock 0.475 0.565 0.458 0.544
(0.137)** (0.162)** (0.168)* (0.196)*

ExportShock2 -0.067 -0.094 -0.070 -0.098
(0.016)** (0.022)** (0.026)* (0.035)*

R2 0.40 0.40 0.68 0.68
N 188 188 188 188
Region FE Y Y Y Y
Initial Conditions Y Y Y Y
Contemporary Shocks Y Y Y Y
Capital City Y Y Y Y

Notes: Initial conditions include start period’s manufacture labor share. Con-
temporaneous shocks include change in log GDP per capita, change in log GDP,
sectoral productivity changes and a dummy of provincial capital city. Region
fixed effect is also included. Standard errors are clustered at the region level.
***p<0.01, **p<0.05, *p<0.1

Figure 4: Manufacture labor share and export shock
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Table 2: Distance to Coast and Manufacture Labor Shares

Change in Labor Share Level in Labor Share

Distance to Coast -0.365 -0.346
(0.121)*** (0.143)**

Distance to Coast2 0.060 0.099
(0.035)* (0.043)**

R2 0.09 0.07
N 212 261
Region Dummies Y Y
Capital City Y Y

Notes: A dummy of provincial city and regional dummies are included.
However, other control variables are not included since they might be
correlated with the distance variable. ***p<0.01, **p<0.05, *p<0.1

3.4 Robustness check

As shown by Figure 3, the measure of "trade shock" is not perfect since some areas have high
international trade cost but due to the abundant natural resources, they have high measure
of "trade shock". What’s more, cities like Beijing and Shanghai, they have low international
trade cost but their trade shock measure is not high enough since they probably already start
to specialize in service sector. I use another alternative measure of the trade openness: the
distance to the nearest port city.17 The empirical result is in Table 2 and the scatter plot is in
Figure 5. Since the distance is inverse to the trade openness, the pattern becomes U-shape
and this is still consistent with the empirical findings in the previous section.

4 Model

In this section, I develop a two-sector multi-region model in an open economy with labor
mobility and endogenous factor allocation building on Eaton and Kortum (2002) and Fa-
jgelbaum and Redding (2014). I illustrate that this model can generate the non-monotone
relationship between trade openness and the manufacture labor share within country which
is found in section 3.

17The group of the port cities that I use here are: Dalian, Dandong, Jinzhou, Qinhuangdao, Tianjin, Yantai,
Qingdao, Shanghai, Hangzhou, Ningbo, Chaozhou, Zhangjiang, Beihai, Haikou, Wenchang, Qionghai, Wan-
ning, Lianyungang, Nantong, Wenzhou, Fuzhou, Guangzhou, Zhanjiang, Xiamen, Nanjing.
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Figure 5: Manufacture labor share and distance to coast

Note: The distance to coast is the shortest distance the nearest port city.

The economy consists of N+1 multiple locations (N locations representing China’s pre-
fectures and 1 rest of the world) and two sectors j: manufacture(M) and service(S).18 Each
location, denoted i is endowed with a fixed factor land, denoted Ti, labor, denoted Li which
is mobile across regions and sectors and capital, denoted Ki which is mobile within regions
and across sectors but not between regions. I assume that labor is perfect mobile across loca-
tions and sectors within China but there’s no labor mobility between China and the world.19

Land is owned by the immobile land owner (government), and the land owner optimally
and freely allocate the land to two sectors but land supply is fixed within each location.
Land owners collect rents from the land they have and they also optimally distribute the
rents to consumers.

18I’m not including agriculture sector here for simplicity. Literature has pointed out nonhomothetic pref-
erences are key to accounting for movement of labor out of agriculture which matters primarily for poorer
countries.(Swiecki et al. (2014)) Hence, we would expect excluding agriculture would not impact our main
channels and results here.

19This model could be simply extended to incorporate the imperfect labor mobility to better fit the data and
reality in China. For simplicity now, I will assume labor perfect mobile.
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4.1 Preference

Preference is defined over consumptions of manufacture (M) and service (S) goods and is
given by constant elasticity of substitution form:

ui =

[
C

M σ−1
σ

i +C
S σ−1

σ

i

] σ

σ−1

(2)

where Ck
i (k ∈M,S) is the consumption of sector-k composite goods in location i. We assume

inelastic elasticity of substitution (0<σ< 1) by following the literature in macroeconomics20.
And manufacture goods are tradable while service goods are nontradable in this model.
Demands for each sector’s goods in location i are,

Ck
i = β

k (P
k
i )
−σ

P1−σ

i
Ii for k ∈M,S (3)

where Ii is the income in location i which includes the labor income and rents.

Ii = wiLi + riTi (4)

where Li is the labor in location i which is endogenously determined by the perfect mobility
condition, wi is the wage in location i, ri is the land rent in location i and Ti is the fixed land
endowment.

Each worker is endowed with one unit of labor that is supplied inelastically with zero
disutility. The total number of population in home country is N and satisfy:

N

∑
i=1

Li = L. (5)

4.2 Production, Trade and Prices

There’s a continuum of goods z in the two sectors. Each country and each location consists
of technologies for producing all the goods in all sectors. The composite good in each sector
yk

i is an aggregate of the individual goods yk
i (z),

yk
i =

[∫ 1

0
yk

i (z)
η−1

η dz
] η

η−1

(6)

20See Ngai and Pissarides (2007), Herrendorf et al. (2013) and Uy et al. (2013). If σ < 1, the sectoral composite
goods are complements. In the Cobb-Douglas case when σ =1, there is no structural change since sectoral
expenditure and labor shares are equal and constant by the feature of Cobb-Douglas functional form. We
assume σ < 1 here which is empirically more relevant.
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where the elasticity of substitution across goods within a sector is η > 0. For the service
sector, each good z is produced locally while for manufacture sector, each good is either
produced locally or imported from other locations (within country or from abroad). The
composite sectoral goods are directly used in the final consumption Ci.

Production is perfect competition in each sector and takes the Cobb-Douglas form. The
production function for good z at sector k is

yk
i (z) = ϕ

k
i (z)L

k
i (z)

αk
Kk

i (z)
βk
[T k

i (z)]
1−αk−βk

(7)

for k ∈ M,S. Here, yk
i (z) is the output, ϕk

i (z) is the productivity, Lk
i (z) is the labor used for

good z in sector k in location i, Kk
i (z) is the capital used and T k

i (z) is the land used. 0 < αk < 1
is the labor intensity in sector k and 0 < βk < 1 is the capital intensity in sector k. I assume
that each sector has the same land share: 1−αM−βM = 1−αS−βS. And then I also make
natural assumptions here that βM > βS that is manufacture goods are more capital-intensive
than the service goods.

The productivity ϕk
i (z) is allowed to differ across locations i. The realizations of produc-

tivity ϕk
i (z) is following Frechet distribution

P(ϕk
i (z)≤ ϕ) = e−T k

i ϕ−θ

for ∀z (8)

where T k
i controls the average productivity in sector k of location i for any good z and θ

controls the variance of the productivity.
It is perfect competition in each sector. In each sector, firms choose labor, capital and land

to maximize their profits given goods and factor prices and the location decisions of other
firms and workers. Firms make zero profits in each location and each sector with positive
production. The firm’s profit maximization problem is the following:

max
Lk

i ,K
k
i ,T

k
i

{Pk
i (z)y

k
i (z)−wiLk

i (z)−qiKk
i (z)− rk

i T k
i (z)} for k ∈M,S. (9)

where qi is the capital rent. Capital is provided by absentee capitalists and the stock of
capital in each region is fixed but is allowed to allocate across sectors within regions. The
government owns the land and allocate land optimally across sectors and land rents are
equal across goods within sectors21:

ri = max{rM
i ,rS

i }. (10)

21This is an optimistic assumption. Future work could be done by introducing the land sectoral misallocation
and their implication.
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Assuming that there is positive production in both sectors, the land rent should be the same
across sectors.

Hence, with constant return to scale, the cost of producing one unit of good z in location
i is given by

vk
i (z) = χ

kwαk

i qβk

i r(1−αk−βk)
i /ϕ

k
i (z) (11)

where χk is a constant: χk = (αk)−αk
(βk)−βk

(1−αk−βk)−(1−αk−βk). I model the iceberg trade
cost as the literature: τi j is the iceberg trade cost from location i to location j. A firm pro-
ducing good z in sector k of location i with productivity ϕk

i (z) charges a buyer in location j,
pk

i j(z) = τi jvk
i (z), where τi j ≥ 1 is an iceberg trade cost and vk

i (z) is the unit cost. The trade cost
doesn’t differ across sector and goods here.

As in Eaton and Kortum (2002), the price of good z that is actually paid by the producer
at location j is the lowest across all sources i,

pk
j(z) = min

i
{pk

i j(z); i = 1, ...,N,N +1}. (12)

Therefore, I can directly show that among the expenditure spent on goods in location j,
sector k(for k = M), the share allocated to varieties produced in location i is

π
k
i j =

T k
i [τi jwαk

i qβk

i r(1−αk−βk)
i ]−θ

∑
N+1
m=1 T k

m[τm jwαk

i qβk

i r(1−αk−βk)
i ]−θ

for k = M (13)

where the denominator sums over all the regions including the rest of the world. The price
index for each sector is given by

PM
j = γ

[N+1

∑
m=1

T M
m (τm jχ

Mwαk

i qβk

i r(1−αk−βk)
i )−θ

]−1/θ

(14)

and
PS

j = γ

[
T S

j [χ
Swαk

i qβk

i r(1−αk−βk)
i ]−θ

]−1/θ

(15)

where γ =
[
Γ(1+ 1−η

θ
)
]1/(1−η)

and η < 1+θ.22

22We need to assume η < 1+θ to have a well-defined price index.
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4.3 Labor Mobility

I assume that labor is perfectly mobile within country but immobile across country. There-
fore, within country, the real wage is equalized across location:

ui ≤ u? and ui = u? =
wi

Pi
for i ∈ 1, ...,N (16)

where Pi is the price index for each location: Pi =
[
βMPM1−σ

i +βSPS1−σ

i

] 1
1−σ .

4.4 General Equilibrium

Denote Rk
i the total revenue of producing goods in location i sector k: Rk

i = wiNk
i + riLk

i . The
income comes from the labor income and the land rents which are optimally distributed by
the land owner to the residents in location i. The total revenue of the firms in each location
equals total sales to buyers in all the locations for the manufacture sector:

RM
i =

N+1

∑
j=1

π
M
i j XM

j (17)

where XM
j is the total expenditure in location j sector M and satisfy

Xk
j = Pk

j C
k
j for k ∈M,S (18)

For the service sector, since it is nontradable, the revenue only comes from local buyers:

RS
i = XS

i (19)

Definition 4.1. A general equilibrium consists of a real wage u?; allocation of population Li,
labor shares {Lk

i }{k=M,S}, capital shares {Kk
i }{k=M,S} and land shares {T k

i }{k=M,S}; wages wi;
capital rents qi; land rents ri such that

(i) workers maximize utility and choose their location optimally, that is, Equation 16 is
satisfied;

(ii) land is allocate optimally across sectors, that is, Equation 10 holds;

(iii) the land market clears in each location,

LM
i +LS

i = Li; (20)
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(iv) the capital market clears at each location

KM
i +KS

i = Ki; (21)

(v) the labor market clears at each location

NM
i +NS

i = Ni for i ∈ 1, ...,N,N +1; (22)

(vi) the common real wages u? adjusts to clear the labor market for the home country as a
whole,

N

∑
i=1

Ni = Nh (23)

where Nh is the home country’s population;

(vii) the total revenue of firms in each location and sector equals to total sales to buyers in
all other locations, i.e., Equation 17 and 19 holds.

4.5 Sectoral Labor Allocation: Numerical Results

To provide intuition of the model to match the empirical finding, we illustrate the workings
of the model with the numerical example. I assume that there are ten locations in the home
country and home country and foreign country are relatively same size in terms of labor
population, land and capital endowment. Home country has comparative advantage in
producing manufacture compared to foreign country while in service sector, they have the
same comparative advantage. Table 3 summarizes the relevant parameters. The elasticity
of substitution across sectors is 0.5 and the elasticity of substitution across goods within a
sector is set at 4. Trade elasticity is set at 4. Intra-national trade cost is set as 1.2 while
international trade cost differs across locations in the home country.

Figure 6 illustrates the numerical result for the home country. The top left panel shows
the change of manufacture labor share allocation with trade freeness for the home coun-
try and it matches the hump-shaped pattern which is consistent with empirical findings in
Section 3. We refer this to the baseline model. Other panels also show that population is
increasing with trade freeness, wages and rents are higher in locations that are more open to
trade. However, wage-rental ratio is lower and relative price of manufacture goods are also
lower. The intuition is that areas that are more open to trade will benefit from trade and re-
ceive higher wages, which attracts labor to come after they observe higher wages. However,
land supply is fixed and this leads to higher rents and lower wage rental ratio. In order to
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Figure 6: Numerical Example: Result for Home Country

Notes: Trade freeness is defined as τ−θ ∈ (0,1), and τ is the geometric mean across all destination.
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Figure 7: Numerical Example: for Home Country-high international trade cost

Notes: Trade freeness is defined as τ−θ ∈ (0,1), and τ is the geometric mean across all destination.

further explain the hump-shape pattern of the manufacture labor share, I will explain this
by looking at two extreme case: the rising part and the falling part. Each part is explained
by a specific channel.

Market access channel. I first demonstrate the rising part by increasing the international
trade cost and the calibration result is in Figure 7. In this case, international trade costs are
large enough while the trade freeness are small enough. International trade cost can also be
viewed as the distance to the rest of the world, so if international trade cost is large enough,
the home country is far away from the rest of the world and then we could view the country
as a point neglecting the internal factor reallocation and geographic variations. Hence, we
are back to the simple two-country case(Uy et al. (2013)). If the trade cost is lower, the
manufacture (tradable goods) share increases due to better market access.23 Other variables
change in the similar way as Figure 6.

Internal factor reallocation channel. I then show that the falling part by further decrease

23I also formally prove this in a simplified model case in the appendix B.
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the international trade cost and the numerical example is in Figure 8. When international
trade cost is low enough, we cannot view the home country as a point and internal factor
reallocation matters Fajgelbaum and Redding (2014). The intuition is that while labor is
mobile, labor is more abundant as trade cost is lower and similar to the Rybczynski theorem,
a rise in labor will lead to expansion in the labor-intensive sector, which is service in this
case and shrink in the other sector, manufacture. In the other hand, the relative price of
manufacture goods in manufacture goods is lower as trade cost is lower, and due to the fact
that manufacture and service goods are complements σ < 1, the expenditure share in service
sector expands. Other variables also follow the same pattern as Figure 6. Therefore, the
internal factor reallocation channel explains the falling part.24

There is a cut-off point of trade freeness that after the point, the internal factor realloca-
tion channel outweighs the market access channel and generate the falling part of the manu-
facture labor share. This contrasts with Uy et al. (2013) where they argue that the falling part
comes from the complete specialization of producing manufacture goods. In this model,
we don’t need to assume the complete specialization of the manufacture goods and as long
as the international trade cost is large enough, and internal factor like labor is mobile, the
manufacture labor share is falling as trade cost falls.

5 Counterfactual Exercise

I now use the structural of the model to undertake counterfactuals to show the contribution
of land supply and of the distribution of economic activity.

China has unique and strict urban land supply policy25 and to ensure adequate food
production, the government has identified a minimum threshold of "redline" of 120 million
hectares of cultivated land. This policy is recently receiving some critiques in terms of the
government intervention of free market and the restriction of the land supply in the urban
areas. With the process of urbanization and development, population is increasing in big
cities with rising land demand while the land supply is still restricted by the "redline" policy.
This imbalance of land demand and supply has given rise to many urban issues like roaring
urban housing prices and the inefficiency in agriculture as well.

For now, I only model the urban part of an economy by assuming manufacture and ser-
vice take place in urban areas while agriculture is in rural areas. Hence, the land in the
model can be referred as the urban land. Based on the baseline model, I take the counterfac-

24This channel is also proposed by Fajgelbaum and Redding (2014) and they names this as "Spatial Balassa-
Samuelsam" effect.

25In China, the land is owned by government.
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Figure 8: Numerical Example: for Home Country-low international trade cost

Notes: Trade freeness is defined as τ−θ ∈ (0,1), and τ is the geometric mean across all destination.
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Figure 9: The numerical result of counterfactual

Notes: The countefactual exercise here is to increase the largest city’s land supply by 50%. The red line is the
counterfactual and the blue line is the baseline model.

tual by increasing the biggest cities’ urban land supply by 50% assuming that government
could release some rural area land and turn this into the urban land supply to satisfy the
growing urban land demand. Comparing with the baseline model result, this increases the
real wage for all the locations in the home country by 1% and the rent in the largest city falls
by 19%. And the structural change pattern is shown in Figure 9. The hump-shape of the
manufacture labor share still exists but is less sharp compared to the baseline model. The
population is higher in the largest city since it is able to accommodate more people.

Admittedly, this welfare effect only counts for the urban welfare since the rural areas
are not included in the model. What’s more, I haven’t taken the model into the data and
the fitness of model is not checked yet. I will leave this to the future work. However, this
counterfactual exercise shows a direction of change in land policy to the housing market and
overall welfare in contemporary China.

6 Conclusion

This paper examines the role of external integration on the structural transformation. Focus-
ing on China, I provide a direct empirical evidence on the role of trade cost on the manufac-
ture labor share by applying the cross-sectional data and find that there exists a nonlinear,
hump-shaped pattern between trade openness and manufacture labor share. The rising part
of this linkage is explained by better market access while the falling part comes from the
internal factor reallocation. Less remote areas have higher population density, lower wage-
rental ratio and then specialize in a relatively more labor-intensive sector, i.e., service sector
instead of manufacture. Counterfactual exercise shows that a possible direction of improv-
ing aggregate welfare is to exploit and increase urban land supply in contrast to the limited
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and restrictive land policy in contemporary China.
While the determinants of structural changes have a long and extensive literature in

macroeconomics, this paper shows that the internal geography is also important when con-
sidering trade liberalization’s impact on the structural changes. Instead of viewing countries
in the aggregate, I emphasize the internal reallocations of resources across regions and sec-
tors which are central to economic development.
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Appendix

A More tables and graphs

Figure A.1: The economic region in China

Source: Wikipedia

Figure A.2: The economic region in China

Source: Wikipedia
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Table A.1: Trade liberalization and Manufacture Labor share by regions

East and West Central and Northeast

OLS 2SLS OLS 2SLS

ExportShock 0.777 0.915 0.521 0.607
(0.212)*** (0.248)*** (0.822) (0.982)

ExportShock2 -0.105 -0.146 -0.022 -0.025
(0.036)*** (0.049)*** (0.310) (0.439)

R2 0.54 0.54 0.89 0.89
N 60 60 31 31
Region FE Y Y Y Y
Initial Conditions Y Y Y Y
Contemporary Shocks Y Y Y Y
Capital City Y Y Y Y

Notes: Initial conditions include start period’s manufacture labor share.

Contemporaneous shocks include change in log GDP per capita, change

in log GDP, sectoral productivity changes and a dummy of provincial cap-

ital city. Region fixed effect is also included. Standard errors are clustered

at the region level. ***p<0.01, **p<0.05, *p<0.1
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Table A.2: Trade Liberalization and Manufacture Sector Output Shares

OLS 2SLS

Change in Manufacture Output Share

ExportShock 0.111 0.131
(0.051)** (0.060)**

ExportShock2 -0.024 -0.034
(0.011)** (0.015)**

R2 0.48 0.48
N 198 198
Region FE Y Y
Initial Conditions Y Y
Contemporary Shocks Y Y
Capital City Y Y

Notes: Initial conditions include start period’s manufacture labor

share. Contemporaneous shocks include change in log GDP per

capita, change in log GDP, sectoral productivity changes and a

dummy of provincial capital city. Region fixed effect is also in-

cluded. Standard errors are clustered at the region level. ***p<0.01,

**p<0.05, *p<0.1
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Table A.3: Trade Liberalization and Service Sector Shares

OLS 2SLS

Change in Service Output Share

ExportShock 0.045 0.052
(0.018)** (0.022)**

R2 0.11 0.11
N 198 198

Change in Service Labor Share

ExportShock -0.079 -0.093
(0.023)*** (0.027)***

R2 0.28 0.28
N 198 198
Region FE Y Y
Initial Conditions Y Y
Contemporary Shocks Y Y
Capital City Y Y

Notes: Initial conditions include start period’s manufacture

labor share. Contemporaneous shocks include change in log

GDP per capita, change in log GDP, sectoral productivity

changes and a dummy of provincial capital city. Region fixed

effect is also included. Standard errors are clustered at the

region level. ***p<0.01, **p<0.05, *p<0.1
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Table A.4: Trade Liberalization and Agriculture Sector Shares

OLS 2SLS

Change in Agriculture Output Share

ExportShock -0.301 -0.355
(0.034)*** (0.040)***

R2 0.68 0.68
N 198 198

Change in Agriculture Labor Share

ExportShock -0.426 -0.829
(0.049)*** (0.129)***

R2 0.88 0.39
N 198 198
Region FE Y Y
Initial Conditions Y Y
Contemporary Shocks Y Y
Capital City Y Y

Notes: Initial conditions include start period’s manufacture la-

bor share. Contemporaneous shocks include change in log GDP

per capita, change in log GDP, sectoral productivity changes

and a dummy of provincial capital city. Region fixed effect is

also included. Standard errors are clustered at the region level.

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

B Market Access Channel

I illustrate the market access channel in an simplified two symmetric country case following
Uy et al. (2013). I assume two symmetric country and three sectors: agriculture(A), man-
ufacture(M) and service(S) and agriculture and manufacture are tradable while service is
non-tradable .26 Production follows the same characteristics as before: perfect competition,
Frechet technology distribution and symmetric iceberg trade cost τ. However, here we even
simplify to one factor of production, labor instead of labor and land. The Frechet technol-

26I add one more tradable sector agriculture to simply the model and equalize the wages between the two
countries. If there’s only one tradable sector manufacture and the comparative advantages of manufacture
differ across two countries, the wages won’t be the same across the countries.
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ogy parameter follows T M
1 = T A

2 > T M
2 = T A

1 which means home country 1 has comparative
advantage in producing manufacture goods while foreign country 2 has comparative ad-
vantage in producing agriculture goods.

From the goods market condition in manufacture 17, we can write down the equation
below

w1LM
1 = π

M
11PM

1 CM
1 +π

M
12PM

2 CM
2 . (24)

Country 1’s manufacture revenue comes from the sales in country 1 PM
1 CM

1 and country 2
PM

2 CM
2 . PM

1 is the price index of manufacture industry in country 1 and CM
1 is the consumption

of manufacture in country 1. πM
12 is the country 2’s trade share of importing goods from

country 1 and πM
11 is country 1’s domestic trade share.

Dividing equation 24 both sides by w1L1, we can derive the manufacture labor share lM
1 :

lM
1 =

LM
1

L1
= π

M
11

PM
1 CM

1
w1L1

+π
M
12

PM
2 CM

2
w1L1

= π
M
11XM

1 +π
M
12

PM
2 CM

2
w1L1

= (1−π
M
21)X

M
1 +π

M
12

PM
2 CM

2
w1L1

where XM
1 is the manufacture expenditure share in country 1. After further algebra arrange-

ments, we can derive

lM
1 = XM

1 +
πM

12XM
2 w2L2−πM

21XM
1 w1L1

w1L1

= XM
1 +NXM

1

where NXM
1 is the net export share in country 1. Hence, the change in manufacture labor

share comes from two sources: expenditure share effect and net export effect.
I further assume that the elasticity of substitution σ between the three sectors A,M,S is 1

and this simplify back to the Cobb-Douglas preference. Based on the property of the Cobb-
Douglas preference, the expenditure share in each sector is constant so this eliminates the
expenditure share effect. Hence, XM

1 is not changing with trade cost: ∂XM
1

∂τ
= 0. Given the

symmetry across the two countries, wages are equalized w1 = w2. From the trade share
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equation 13,

π
M
21 =

T M
1 (w1τ)−θ

T M
2 w−θ

2 +T M
1 (w1τ)−θ

=

[
T M

2
T M

1
τ

θ +1
]−1

π
M
12 =

T M
2 (w2τ)−θ

T M
1 w−θ

1 +T M
2 (w2τ)−θ

=

[
T M

1
T M

2
τ

θ +1
]−1

Hence,
∂NXM

1
∂τ

= XM
1 θτ

θ−1
[
− (πM

12)
2 T M

1
T M

2
+(πM

21)
2 T M

2
T M

1

]
< 0

since πM
21 > πM

12. The manufacture labor share increases as trade cost decline.
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