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摘要

本文研究1998-2010年間, 台灣對中國投資與貿易對台灣就業市場的影響。 我們擴張了一般

小型開放經濟體的貿易模型, 加入對外投資的變數, 並以台灣的個體資料與產業資料驗證

模型的預測。 實證結果發現, 增加對中國的投資會降低台灣非技術勞工的薪資水準並增加

失業率, 而技術勞工的失業率則因此減少。 相反地, 增加對中國的淨出口會提高非技術勞工

的薪資,從而縮小了技術薪資溢酬。 淨出口增加也讓非技術勞工的失業率下降、技術勞工的

失業率上升。

關鍵字: 對外投資; 貿易; 失業率; 薪資; 就業市場
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Abstract

This study aims to analyze the impact of Taiwan’s investment in and trade with China on

Taiwan’s labormarket between 1998 and 2010. This project involves expanding a small open

economy model to one that includes the impact of outward direct investment and trade.

By testingmodel’s predictions on themerged Taiwanese individual-level and industry-level

datasets, we find empirical evidence suggesting that outward investment in China places

downward pressure on unskilled laborer’s real wage levels. In addition, we discover that

this outward investment increases the unemployment rate of unskilled laborers while low-

ering that of skilled laborers. In contrast to the results of outward investment, trade with

China raises unskilled laborer’s wage levels, thereby contributing to the shrinking of the

skill premium. Trade also decreases the unemployment rate of unskilled laborers at the

cost of increasing the unemployment rate for skilled laborers.

Keywords: outward direct investment; trade; unemployment; wage; labor market

ii



Contents

1 Introduction 3

1.1 Literature Review . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

2 Background 6

3 Outward Investment and Net Exports Exposure 9

3.1 Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3.2 Regional Exposure of ODI and Trade . . . . . . . . . . . . . . . . . . . . . . 13

4 Empirical Strategy and Data 15

4.1 Empirical Strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

4.2 Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

5 Empirical Results 19

5.1 Baseline Specification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

5.2 IV estimates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

5.3 Robustness Checks . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.3.1 Labor’s Mobility . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5.3.2 Trade Measurement . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

5.3.3 Alternative Instrumental Variables . . . . . . . . . . . . . . . . . . . 28

6 Conclusion 28

A Alternative Specifications 30

A.1 Industry Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30

A.2 Clustered Errors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

B Female Labor Market 33

C Industry Structure 33

1



List of Tables

1 Summary Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2 The Impact of ODI and Trade on Male Labor Market . . . . . . . . . . . . . 21

3 The Impact of ODI and Trade on Male’s Labor Market (2SLS) . . . . . . . . 23

4 The First Stage Results of Specification (4) in 2SLS Estimates . . . . . . . . . 24

5 Benchmarking the impact of ODI and Net Exports . . . . . . . . . . . . . . 25

6 Population Change . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

7 Robustness Check on Male Samples . . . . . . . . . . . . . . . . . . . . . . . 27

8 The Impact of ODI and Trade on Male’s Labor Market (2SLS) . . . . . . . . 30

9 The Impact of ODI and Trade on Male’s Labor Market (2SLS) . . . . . . . . 31

10 Robustness Check on Male Samples . . . . . . . . . . . . . . . . . . . . . . . 32

11 The Impact of ODI and Trade on Female Labor Market . . . . . . . . . . . . 33

12 Industry Concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2



1 Introduction

This paper examines the labor market effects of ODI and trade in Taiwan between 1998

and 2010. We focus on China’s impact because China is Taiwan’s largest trade partner and

Taiwan’s biggest investment destination. In these two decades, massive capital outflows

to China have established factories and shifted production outward, mostly from Taiwan’s

manufacturing sector. The term ‘hollowing-out,’ as often mentioned in the media, suggests

a prevalent negative attitude towards this trend.1 Taiwan’s wage stagnation and job loss

might be attributed to this large-scale migration. In the meantime, net exports to China

have been growing. While the recent and rapid growth of China’s exports poses a threat to

manufacturing inmost countries and deteriorates terms of trade, Taiwan has been enjoying

huge trade surplus. On the one hand, China’s growing capabilities to export to developed

countries cause a higher demand for intermediate goods and final goods. On the other

hand, the growing market in China provides an incentive for MNEs to engage in the direct

investment in China. In this paper, we investigate the effects of both ODI and trade caused

by the growing China economy.

Outward direct investment (ODI) is a primary economic activity accompanying glob-

alization. How it affects the welfare of workers becomes an urgent question as outward

investment regulations loosen and trade barriers decline. The standard framework treats

ODI as strategy belonging to multinational enterprises’ (MNEs) (Latorre, 2009). Its impact

on the domestic labormarkets hence depend on themotives behind it. MNEs investing for

the sake of saving on trading costs, such as by lowering transportation costs or gaining

easy access to local markets, are engaging in what is termed to be ‘horizontal investment.’

If the production abroad replace exports, this type of investment tends to decrease produc-

tion and the labor demand in the parent company (Markusen and Maskus, 2001). Firms

investing for sake of saving manufacturing costs in the different stages of production are

engaging in what is termed to be ‘vertical investment.’ This type of investment could pro-

duce a complementary domestic labor demand (Helpman, 1984). The empirical evidence

largely supports such theoretical predictions (Harrison and McMillan, 2011).

1‘China causes Taiwanese brain drain’ by Financial Times on March 31, 2013.
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Trade is another important economic factor tied with globalization. The main frame-

workwithwhich to analyze its labor-market effects comes from theHeckscher-Ohlinmodel.

Empirical studies focusing on the trade effects developing countries make on developed

countries find that workers in the labor-intensive industry suffer from wage losses (Autor

et al., 2013;McLaren andHakobyan, 2010; Ebenstein et al., 2014). Yet some empirical studies

have shown that the labor-market effects of trade liberalization are inconsistent with what

theHOmodel predicts (Harrison et al., 2010). In an environment with a higher openness to

trade, the wage gap between skilled and unskilled workers in developing countries widens

instead of narrowing (Goldberg and Pavcnik, 2007; Han et al., 2012). Also contradicting the

model, competition from developing countries places no downward pressure on unskilled

workers’ wages in developed country such as the US (Edwards and Lawrence, 2010).

Our approach builds on that of Autor et al. (2013) and extends it in two ways. First, our

model includes both ODI and trade. We assume a system of many small open economies,

firms of which not only export but also engage in horizontal outward investment in China.

When a shock due to a higher demand from China enters the system, the employment in

each industry and the wage in the small economy play out in a general equilibrium. The

model predicts that the changes of values of ODI and net exports causes the changes in

the wage level and employment of the economy. We further derive measures for changes

brought about by ODI and net exports which can be used to test the model empirically.

Second, instead of using aggregate labor-market outcomes,we use individual wage level

and employment status for estimations. With demographic information, we can control for

worker heterogeneity and can further differentiate the labor-market effects on worker type

(skill and unskilled) and worker sex (male and female). The OLS estimates might suffer

from endogeneity if, for example, an unobserved domestic demand shock affects labor de-

mand and imports simultaneously. Similar situations happen for ODI if an unobserved

factor affects both firms’ investment decisions and workers’ wage level. We employ the IV

approach to deal with these problems.

Our results show that for male, increased ODI has the positive effects on skilled la-

bor’s employment. Unskilled labor’s wage and employment are both found to be nega-
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tively related with increased ODI. As to trade, our results indicate that for male, increasing

net exports to China raises unskilled labor’s wage level. Trade thus diminishes the relative

wage between skilled and unskilled workers. Furthermore, skilled labor’s unemployment

increases and unskilled one’s decreases.

1.1 Literature Review

Many studies have examined the effects of either ODI or trade. Regarding ODI, past re-

search has found no robust evidence for clear labor-market effects. Harrison andMcMillan

(2011) distinguished horizontal and vertical ODI using detailed firm-level data, and their

results largely support the theoretical prediction that vertical outward investment improves

domestic labor- market outcomes, while a horizontal one does not. Because MNEs strate-

gies are not often clearly identified in the data, most research distinguishes the effects by

the destinations of ODI. Debaere et al. (2010) have found that investing in a country more

advanced than the home country has no effects on domestic employment but that invest-

ing in a country less advanced than home country has negative effects. Simpson (2012)

has found that investing in low-wage countries can substitute for domestic employment,

especially in low-skill industries. In contrast, Castellani et al. (2008) and Navaretti et al.

(2010) have found that investment in countries with cheap labor has no negative effects or

a positive effect on employment in developed countries. Becker and Muendler (2008) and

Desai et al. (2009) have both concluded that, overall, the prevention of FDI results in higher

unemployment and that increased outward investment stimulates domestic employment.

In the case of Taiwan and China, Tsou et al. (2013) found that workers in firms with higher

level of investment are more likely to be unemployed, particularly for less-educated work-

ers. Tsaur et al. (2006) found that outward investment is harmful to low-skilled workers’

wage.

On the effects of trade, long-term and cross-country surveys such as those of Dutt et al.

(2009) and Felbermayr et al. (2011) have found that trade openness is negatively related

to structural unemployment. Hasan et al. (2012) have also found that workers in indus-

tries more open to trade are less likely to be unemployed. However, using China as the

5



source of import competition, Álvarez and Claro (2009) found negative effect on employ-

ment growth in a developing country. Likewise, Federico (2014) and Mion and Zhu (2013)

found negative effects on employment growth for downstream industries, labor-intensive

industries and low-tech manufacturing industries in developed countries. When specifi-

cally focusing on the effects developing countries make on developed countries, Autor et al.

(2013) found that workers in regions exposed to themanufacturing sector experience wage

declines. McLaren and Hakobyan (2010) have found that the blue-collar workers in labor-

intensive industries suffer from wage losses. Similarly, Ebenstein et al. (2014) have found

that workers switching within manufacturing industries experience no wage losses, while

workers switching to service sectors do suffer from wage losses.

Though the majority of studies in the literature only focus on one of ODI or trade, the

labor-market effects of ODI should be considered alongside trade because ODI activities

might affects export activities. Under horizontal ODI, production originally belonging to

the parent company is shifted to foreign affiliates. Therefore, a home country’s exports and

ODI are substitutes. Under vertical ODI, exports and ODI are likely complements because

intermediate goods are exported from the home country to foreign affiliates. Empirical

evidence points out a complementary relationship between ODI and trade, yet Fung et al.

(2013) found them to be substitutive in the case of Taiwan andChina. Bergstrand and Egger

(2007) have developed a model with three countries, three kinds of factors of production,

and three types of firms. In this model they demonstrate how firms involved in import-

ing and exporting, horizontal ODI, and vertical ODI interact and affect return on capital,

skilled labor and unskilled labor in each country.

2 Background

The economic ties betweenTaiwan andChina grew closely in the 1990s. In 1992, investment

in China became legal in Taiwan. The next year, trade with China surpassed that of Amer-

ica. In little more than a decade, China had become the biggest investment destination and

the largest trade partner of Taiwan.

Back in 1996, the depreciation of the RMB, cheap labor and cultural similarities made
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Figure 1:The statistics of ODI are from Investment Commission and that of net exports
are from UN Comtrade. Values are deflated by Personal Consumption Expenditure.

China an attractive investment destination for Taiwan. Yet the government’s attitude to-

ward Chinese investment was cautious. Under the ‘patience over haste’ policy, the high-

tech and infrastructure industries were restricted from making investments in China, and

50 million dollar ceiling was imposed on every project. The average investment that year

was about 30 million dollars. Since 2002, the investment policy has become increasingly

open, relaxing restrictions on high-tech, banking and service industries as well as the in-

vestment ceiling.2 Figure 1 shows the trend of deflated approved outward investment as

recorded by the Investment Commission. In 1993, 1997 and 2002, MNEs that had previ-

ously failed to file ODI within the time limit was allowed to refile, thus creating a peak in

each of those years. ODI increased by 136% from 1992 to 2010; in the meantime, real GDP

grew by 130%. In fact, the amount of ODI could have been larger because much of the ODI

going to China go through third parties, such as Hong Kong or the Cayman Islands. For

example, according to Chen (2004), the cumulative approved ODI by 2002 was recorded

to be 3.1 billion dollars by the Investment Commission, 3.4 billion dollars by China, and 6

billion dollars by the Central Bank of Taiwan.

The primary source of ODI was from the manufacturing sector, accounting for more

2More details about the policy and restrictions are in Tsou et al. (2013).
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than 90% of all ODI before 2002. This percentage declined to 82% in 2009. With China’s

export-promotion policy, manyMNEs began receiving orders in Taiwan, producing prod-

ucts in China, and directly exporting them. Among the manufacturing sector, electrical

components, computer and optical products have always been the biggest investors. Food

and beverage, textiles, and plastic composed a large proportion of investment in earlier

times, though now their positions have been replaced by chemical material, metal, non-

metal mineral, and machinery. These changes show the process of industry skill-upgrades

— a shift from labor-intensive industries to capital-intensive ones.

Trade plays another important role in cross-strait economics. Taiwan is a country

highly dependent on trade. According to TIER (2010), Taiwan’s degree of dependence upon

foreign trade, defined as the value of imports and exports relative to theGDP, has risen from

74% in 1990 to 126% in 2010. During the same period, the average degree of dependence

upon foreign trade in America was only 20%; Japan’s was 20%; and South Korea’s was 63%.

Among the trade between Taiwan and China, intermediate goods accounts for a large pro-

portion. The percentage of exported intermediates to China has been over 90% since 1992

and has been more than 80% since 1998.

The main export industry is similar to that of the industries for ODI. The electronics

industry has become the largest exporter since 1998. Textiles was once the primary export,

but today chemical material, metal, and machinery manufacturing has gradually become

the second largest export, falling behind only electronic products.The change in the indus-

try structure of exports is consistent with that of ODI, showing a skill-upgrade process. As

Figure 1 shows, Taiwan has been enjoying increasing trade surpluses with China, surpluses

that have risen from less than 100million dollars to almost 800million dollars.

The phenomenon of increasing net exports and ODI suggests that China has a huge

demand for Taiwan’s local firms or Taiwanese firms investing in China. Of the values for

ODI and net exports, those of electronics, metal, chemical materials, and machinery man-

ufacturing compose over seventy percent in all periods.

Along with the growing amounts of ODI and trade in these two decades, Taiwan wit-

nessed a slowing down in the growth of real wages, as Figure 2 presents. For an unskilled
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Figure 2: The statistics of wage are from Manpower Utilization Survey. Values are de-
flated by Consumer Price Index.

male worker, the growth rate of his wage was nomore than 13%during any period between

1992 and 2010. After 1999, wages began declining. By 2010, the wage level was lower than

that of 1992. Meanwhile, a skilled male laborer’s wage grew by 4% in 19 years. Figure 3

presents the male unemployment rate. It shows the trend of skilled labor and that of un-

skilled labor to be consistent.

3 Outward Investment and Net Exports Exposure

Our approach is to treat a region as the unit of analysis and identify the change of an indi-

vidual’s labor-market outcome using variations of regional ODI and net export exposure.

We construct a theoretical model to show that, from the perspective of a small open econ-

omy, how changes in that economy’s ODI and net exports affect wage and employment.

3.1 Model

Our model is based on that of Autor et al. (2013) yet differs in its treatment of the behavior

of firms. In our model, a firm not only produces in its local region, exporting to several

other regions, but also produces in one specific region (e.g., China) and directly sells prod-
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Figure 3: The statistics of unemployment rate are from Manpower Utilization Survey.
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uct to the local market. Such behaviors that allow firms to increase both net exports and

horizontal outward investment are consistent with the stylized facts introduced in Section

2 and Aw and Lee (2008).

A region i produces a non-traded homogenous good XN and a differentiated traded

good x. Consumers have a Cobb-Douglas utility function between XN and x, and the

demand for x is given by a constant elasticity of substitution sub-utility function. Product

XN is produced by firms facing a perfect competitive market, while x is produced by firms

facing a monopolistically competitive market (Helpman and Krugman, 1985). Each firm

produces a unique variety, and the number of firms is endogenously determined.

The good XNi is produced in region i with diminishing marginal returns,

XNi = L
η
Ni , (1)

where η is between 0 and 1. In the competitive market, wage is equal to marginal product

of labor,

Wi = ηPNiL
η−1
Ni , (2)
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where Wi is the wage and PNi is the price of non-traded-good in region i. Let γ be the

Cobb-Douglas parameter. Then the share of income spent on XNi is

PNiXNi = (1 − γ)(WiLi + Bi), (3)

where Bi represents the difference between income and expenditure. When Bi = 0, which

means the region is under balanced trade, the trade shocks only cause the reallocation of

labor between sectors of traded goods. Only under imbalanced trade, Bi ≠ 0, does labor

adjust between traded and non-traded sectors. Under this setting, we could alternatively

consider XNi as leisure and LNi as the labor force that is unemployed.

The good x in industry j is produced with the production function

li j = αi j + βi jxi j , (4)

where li j is total labor used, αi j is thefixed labor used, and βi j is the labor used for producing

an additional output. Under monopolistic competition, the price is

Pi jk =
σ j

σ j − 1
βi jWiτi jk , (5)

where σ j > 1 is the elasticity of substitution, and τi jk ≥ 1 is the iceberg transport cost in-

curred when goods are imported from region i to k. The aggregate demand for any indi-

vidual variety x is summed across regions and added to the demand from the local market

in China on the firm investing there.3 The output of xi j is given by

xi j = xCjC +∑
k

xi jk = P
−σ j
C jCΦ

σ j−1
jC (γ/2)EC +∑

k

P
−σ j
i jk Φ

σ j−1

jk (γ/2)Ek , (6)

where C indexes China, Ek is the expenditure in market k, and Φ is the price index. Φ is

given by

Φ jk = [∑
h

MhjP
1−σ j
h jk ]

1
1−σ j . (7)

3Investment from China is prohibited in region i. This setting is also consistent with the case of Taiwan
and China.
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We assume that in the long term firms yield zero profits, which indicates that the output

level is fixed at

xi j =
αi j(σ j − 1)

βi j
+
αCj(σ j − 1)

βCj
, (8)

and the domestic labor used by producing an individual variety is li j = ασ . Labor demand

equals labor supply

Li = LNi + LTi , (9)

where LTi =∑ j Mi j li j, and M is the number of firms.

We treat Wi , PNi , LNi , and Mij for j = 1, 2 as endogenous. To solve the model, we log

differentiate the equilibrium conditions and add hats over the variables to denote the log

change (∆ ln x),

Ŵi = P̂Ni − (1 − η)L̂Ni , (10)

ηL̂Ni = ρi(Ŵi + L̂i) + (1 − ρi)B̂i − P̂Ni , (11)

L̂i = (1 −∑
j

δi j)L̂Ni +∑
j

δi jM̂i j , (12)

σŴi = (∑
k

θ i jk Êk −∑
k

θ i jk∑
h

ϕh jk Âh jk) + χ jσ jŴC − χ j(σ j − 1)Φ̂ jC − χ j ÊC , j = 1, 2 (13)

where Âh jk ≡ M̂hj−(σ j− 1)(ŵh + β̂h j+ τ̂h jk) represents the import competition from region

h in region k. Parameter ρi ≡ WiLi/(WiLi + Bi) is the ratio of income over expenditure;

δi j ≡ Mij li j/Li is the employment rate in region i; θ i jk ≡ xi jk/∑l xi jl is the ratio of exports

in region k over total output; and χ j ≡ xCjC/∑k xi jk is the ratio of output in China’s market

over the output in the home market.

We treat ÊC = ρCŴC +(1− ρC)B̂C and ÂC j as given. For region i, where Êi = ρiŴi +(1−

ρi)B̂i and Âi = M̂i j − (σ j − 1)Ŵi , we treat Ŵi and M̂i j as endogenous and B̂i as exogenous.

Further assuming that L̂i = 0 and rearranging the equations, we get

P̂Ni = Ŵi + (1 − η)L̂Ni , (14)

L̂Ni = (1 − ρi)(B̂i − Ŵi), (15)

12



L̂Ni = −δ̃i1M̂i1 − δ̃i2M̂i2 (16)

Ŵi = ai j Γ̂i j + b + i jB̂i + ci jM̂i j + di jŴC − ei j ÊC , j = 1, 2 (17)

where Γ̂i j ≡ θ i jC ÊC − ∑k θ i jkϕCjk ÂC j is the trade surplus. We define parameters ai j ≡

[σ j(1−∑k θ i jkϕi jk)+∑k θ i jkϕi jk−θ i jiρi]−1, bi j ≡ ai jθ i ji(1−ρi), ci j ≡ −ai j(χ jϕ̃ j−∑k θ i jkϕi jk),

d ≡ ai j χ jσ j, e ≡ ai j χ j, δ̃i j ≡ δi j/(1 − ∑n δin) and ϕ̃ j ≡ (xCjCMiP
1−σ j
CC )/(xCjCMiP

1−σ j
CC +

∑l Ml jPi jk xl jk).

The solutions are

Ŵi =
1

gi
[ai1ci2 δ̃i1Γ̂i1 + ai2ci1 δ̃i2Γ̂i2 + (bi1ci2 δ̃i1 + bi1ci1 δ̃i2 + (1 − ρi)ci1ci2)B̂i

+ (ci2di1δ̃i1 + ci1di2 δ̃i2)ŴC − (ci2ei1δ̃i1 + ci1ei2 δ̃i2)ÊC],

(18)

L̂Ti =
1 − ρi
gi
[ai1ci2 δ̌i1Γ̂i1 + ai2ci1 δ̌i2Γ̂i2 − ((1 − bi1)ci2 δ̌i1 + (1 − bi2)ci1 δ̌i2)B̂i

+ (ci2di1 δ̌i1 + ci1di2 δ̌i2)ŴC − (ci2ei1 δ̌i1 + ci1ei2 δ̌i2)ÊC],

(19)

where gi = ci2 δ̃i1 + ci1 δ̃i2 + (1 − ρi)ci1ci2 > 0 and δ̌i j ≡ Mij li j/LTi .

3.2 Regional Exposure of ODI and Trade

We assume a demand shock from China, reflected in the change of B̂C . An increase in B̂C

would cause increases in ÊC and a trade surplus Γ̂i j. The related parts in equation (18) and

(19) could hence be written as

Ŵi =∑
j

κi j
Li j

LNi
[θ i jC ÊC j −∑

k

θ i jkϕCjk ÂC j − χ j ÊC], (20)

L̂Ti = (1 − ρi)∑
j

κi j
Li j

LTi
[θ i jC ÊC j −∑

k

θ i jkϕCjk ÂC j − χ j ÊC], (21)

where κi j contains parameters ai j, ci j, ei j, and gi . The term θ i jC ÊC j − ∑k θ i jkϕCjk ÂC j rep-

resents the trade surplus and suggests the positive effects of trade on Ŵi and L̂Ti . The term

χ j ÊC represents the ODI and suggests a negative force because it substitutes for domestic

production and labor demand had the firm not invested in China.

For an empirical analysis, we first assume that (1− ρiκi j) are the same across all regions
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in equation (21). The impact of import is

∑
j

Li j

LTi

xi jH
xi j

EC jH

EHj
ÂC j ≈ ∑

j

Li jt

L jt

Imjt

Lit
, (22)

where H denotes Taiwan; t denotes year; and Im denotes the value of imports from China

to Taiwan.4 The first term on the right-hand side calculates a value representing the pro-

portion of national import allocated to a region according to its employment structure. The

second term calculates the value of regional exposure per capita. The net export exposure

per worker thereby becomes

Net exportit =∑
j

Li jt

L jt

Exjt

Lit
−∑

j

Li jt

L jt

Imjt

Lit
, (23)

where Ex denotes the value of exports.

The impact of ODI activities is represented by

∑
j

Li j

LTi
[

xCjC

∑k xi jk
ÊC] ≈ ∑

j

ODIi
LTi

, (24)

whereODIi is the total values of ODI in region i in China.5 Due to a lack of data describing

regional ODIs, we calculate regional ODIs with Taiwan’s ODI, weighted by the employment

structure of that region,

ODIit =∑
j

Li jt

L jt

S jt

Lit
, (25)

where S denotes the stock of outward investment.

4To simplify equation (21), we use the assumptions that in monopolistic competition, Li j/Xi j is equal to
a constant and Xi jH/EHj can be approximated by Li j/Lj (Autor et al., 2013). Lastly, we calculate the term
EC jH ÂC j by the values of imports.

5This equation is simplified with the same assumption: Li j/xi j is equal to a constant in monopolistic

competition. The term xC jC ÊC is calculated with the total values of ODI.
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4 Empirical Strategy and Data

4.1 Empirical Strategy

To map the changes of regional exposure on an individual’s labor-market outcomes, we

write the basic specification as

Ykit = α + β0ODIit + β1Net exportit + γXkit + λt + θ i + εkit , (26)

where Ykit is log of individual k’s monthly wage or the dummy of unemployment in region

i and year t; X is a vector of controls for worker heterogeneity; λ is the year effect; θ is the

region effect; and ε is the error term. ODIit and Net exportit are respectively

ODIit =∑
j

Li jt

L jt

S jt

Lit
, (27)

Net exportit =∑
j

Li jt

L jt

Exjt

Lit
−∑

j

Li jt

L jt

Imjt

Lit
, (28)

where Sjt, Exjt, and Imjt are the values of Taiwan’s ODI, exports, and imports of industry

j. The region is defined at the county-level.

Using OLS estimates, this specification might suffer from several threats. First, an un-

observed domestic demand shock that simultaneously affects both the domestic labor de-

mand and imports causes the net exports to become correlatedwith the error term. Second,

a decreasing net export and increasing ODI might arise from the behavior of a single firm.

For example, assume that a supply shock from China intensifies the import competition in

the domestic market. Facing such competition, domestic firms might quit the market or

just shifts production toChina. Under such circumstances, the effects of the falling demand

on domestic labor are counted twice in the coefficients of increased ODI and decreased net

exports.

IV estimates couldmitigate the first threat. Our strategy is to use foreign stock in China

to be an instrument for Taiwan’s ODI in China and to use the trade between China and

South Korea to be an instrument for trade between China and Taiwan. The instruments’
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variables are

ODIIVit =∑
j

Li jt−1

Ljt−1

Sworldjt

Lit−1
. (29)

Net exportIVit =∑
j

Li jt−1

Ljt−1

Exkr
jt

Lit−1
−∑

j

Li jt−1

Ljt−1

Imkr
jt

Lit−1
, (30)

where Sworldjt represents the world’s ODI in China. Exkr
jt are exports from South Korea to

China and Imkr
jt are imports from China to Korea. Different from OLS estimators, instru-

mental variables use employment lagging behind one period to avoid the simultaneity bias

(Autor et al., 2013).

We can avoid the second threat in a specific case of Taiwan and China. In this case, Tai-

wan experiences a positive demand shock fromChina. Firms could either increase exports

or increase ODI to meet China’s demand. Either behavior would only be reflected in the

observed changes of ODI or net exports.

4.2 Data

Taiwan’s approved yearly investment statistics in China were from the Taiwan Investment

Commission.These are aggregate data at the 2-digit SIC industry level and include the agri-

culture, forestry, fishing, mining, manufacturing and service sectors. Investment amounts

are deflated by the Personal Consumption Expenditures (PCE) index from the Bureau of

Economic Analysis to the 2009 US dollar. Using the approved investment statistics, we

measured ODI by the cumulative amount of investment. Assuming a 10% capital depreci-

ation rate every year, we calculated ODI by the following equation,

ODIjt =
t

∑
k=1991

(0.9)t−k investment jk . (31)

The data for the instruments of ODI were from the China Industry Economy Statistical

Yearbook (CIESY), the AREMOS Cross-Strait Economic Statistics, the CEIC China Eco-

nomic and Industry Data Database, as well as the China Trade and External Economic Sta-

tistical Yearbook. CIESY contains the statistics of stocks at the firm-level, written as Actual
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Receipt Capital by Foreign Investors.6 Because it only recorded data from the manufactur-

ing sector, the data of service sector were from the other three datasets. The complete data

of all the industries were only available in the period from 1998 to 2010. All RMB values

were converted to US dollars by the yearly average exchange rate and were deflated by the

PCE index.

The trade datawere from theUNComtrade database. In this database, Taiwan is labeled

as ‘Other Asia, nes.’ Taiwan itself could not be identified. We compared the total trade value

flow between China and Taiwan with those in the CEIC database, thereby confirming that

no other countries were included in the category ‘Other Asia, nes.’7 We used the raw data

classified under the HS1992 commodity code at the 6-digit level, which we could map to

the 2-digit SIC code to merge the data with individual-level data. Eventually we arrived

at 20 industries, including the agriculture, forestry, fishing, mining, and manufacturing

sectors. The conversion table comes from the UN Comtrade database. Values of imports

and exports were deflated by the PCE index.

Our individual-level data were from the Manpower Utilization Survey (MUS), which

is a monthly national survey active since 1978. It investigates people ages 15 and above and

includes both the labor force and the non-labor force. In this research, we restricted our

sample to workers above 16 and below 64.

Our dependent variableswere individualworker’s employment status andmonthlywage.

We constructed the dummy variable of unemployment by the definition of ‘narrow unem-

ployment,’ which categorizes workers who are willing to work but not actively seeking em-

ployment as part of the non-labor force instead of unemployed. Workers’ monthly wages

were deflated by the Consumer Price Index from theAccounting and Statistics, R.O.C., and

we used log of wage in all regressions.

We used demographic information as controls. Such controls included worker’s skill

6Only state-owned firms and private companies with annual revenues greater than 5 million RMB are
recorded.

7In fact, the statistics on trade values from Taiwan and those from China show differences in the trade
values. Chinas’ recorded values of Chinese exports are always higher than that those recorded by Taiwan.
Likewise, China’s recorded values of Chinese imports are always lower than those recorded by Taiwan. Ac-
cording to Taiwan’s statistics, the trade surpluses only started appearing after 2001. Considering that statistics
recorded by Taiwan were not classified at the industry level until 2004, we have no choice but to use the
statistics from China.
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level, education level, marital status, age, job type, and working experience. Worker’s skill

level was a dummy variable, defined as occupation. In MUS, occupation is classified into

nine categories, which are ‘officials and managers,’ ‘professionals,’ ‘technicians,’ ‘sales,’ ‘of-

fice and clerical,’ ‘craft workers,’ ‘operatives,’ ‘laborers,’ and ‘service workers.’ We equated

skilled labor with the first three categories, while equating unskilled labor with the others.

Education level was represented by dummies, which were categorized as under 6 years, 6

years, 9 years, 12 years, and above 12 years of schooling. Marital status was constructed as

a dummy variable, which was equal to 1 if one was married and living with a spouse and

equal to 0 if one is single, divorced, or living separately from a spouse. Age and the square

of age were both used as controls. A worker’s job type was defined as a full-time job or not,

dependent on the weekly working hours (our cutoff point was 35). Experience was defined

as the number of working years in the current job. Following Han et al. (2012), we used

both experience and its square as controls.

To map the regional shocks to individual’s labor-market outcomes, we identified work-

ers’ residential areas at the county level. We had 23 counties in total. A worker’s industry

was classified under the 2-digit SIC code, which has three versions between 1998 and 2010.

To make it consistent and so as to merge it with the ODI and trade data, we combined

similar industries into one industry. We had 36 industries after combining.

We removed outliers with extreme wages. Following Autor et al. (2008), we dropped

observations with monthly wages lower than half the statutory minimum wage to ensure

that the empirical results would be free from outlier effects. We deflated the wages to the

price level in 2011, at which time half the minimum wage a month was NT$8940. Obser-

vations with monthly wages higher than one million were also dropped because they are

all inaccurately recorded as 999,999 in MUS. These observations accounted for less than

0.05% of the total sample in each year. Furthermore, we use the samples of manufacturing

and service sectors because earnings in agriculture, forestry, fishing sectors are more likely

to suffer measurement errors. After pruning our dataset, we had 218,698 observations for

males from 1998 to 2010.

In figure 4 and 5, we present the trends of ODI and net exports for high-exposure
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Figure 4: High-exposure (low-exposure) counties are the averages of ODI based on 6
counties, 25% of total 23 regions, with the highest (lowest) ODI exposure.

and low-exposure counties. As the figures show, the gap gradually widens, causing vari-

ations between counties. Three counties among the high-exposure counties are famous for

their electronics and chemical manufacturing. Table 1 shows the summary statistics for

individual-level data.

5 Empirical Results

5.1 Baseline Specification

Table 2 reports the OLS results of the male labor market. The sample period covers 1998 to

2010. The year fixed effects and the county fixed effects are included in all estimates. When

interaction terms are excluded, ODI has a negative effect on both employment and wage

level, while net exports have the opposite effect. Once we include the interaction terms

for skilled labor, we find that skilled labor could be harmed from increased ODI and net

exports in terms of both unemployment rate and wage level.
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Figure 5: High-exposure (low-exposure) counties are the averages of net exports based
on 6 counties, 25% of total 23 counties, with the highest (lowest) net export exposure.

Table 1: Summary Statistics

Variable Full sample

Observations 218,698
Percentage of unemployment (%) 4.11(19.85)
Percentage of the skilled labor (%) 30.81(46.17)
Percentage of under 6 years of schooling (%) 0.33(5.74)
Percentage of 6 years of schooling (%) 10.98(31.27)
Percentage of 9 years of schooling (%) 20.42(40.31)
Percentage of 12 years of schooling (%) 36.76(48.21)
Percentage of above 12 years of schooling (%) 31.51(46.45)
Age 39.06(10.64)
Percentage of having spouse (%) 65.49(47.54)

Wage sample

Observations 182,260
Wage (NT$) 44,597(27,061)
Percentage of the skilled labor (%) 32.39(46.79)
Percentage of under 6 years of schooling (%) 0.33(5.74)
Percentage of 6 years of schooling (%) 11.40(31.78)
Percentage of 9 years of schooling (%) 20.23(40.17)
Percentage of 12 years of schooling (%) 36.14(48.04
Percentage of above 12 years of schooling (%) 31.90(46.61)
Age 40.07(10.21)
Percentage of having spouse (%) 70.06(45.80)
Percentage of having a full-time job (%) 95.18(21.42)
Experience (year) 9.12(7.96)

Standard errors in parentheses.
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Table 2: The Impact of ODI and Trade on Male Labor Market

unemployment ln(wage)
(1) (2) (3) (4) (5) (6)

ODI 0.003∗∗∗ 0.004∗∗∗ 0.007∗∗∗ -0.006∗∗∗ -0.017∗∗∗ -0.021∗∗∗

(0.001) (0.002) (0.002) (0.002) (0.003) (0.003)
ODI*Skilled labor -0.001∗∗∗ -0.007∗∗∗ 0.004∗∗∗ 0.010∗∗∗

(0.000) (0.001) (0.001) (0.003)
Net export -0.001∗ -0.002∗∗∗ 0.007∗∗∗ 0.008∗∗∗

(0.001) (0.001) (0.001) (0.001)
Net export*Skilled labor 0.004∗∗∗ -0.004∗∗

(0.001) (0.002)
Skilled labor -0.004∗∗ -0.009∗∗∗ -0.002 0.202∗∗∗ 0.216∗∗∗ 0.201∗∗∗

(0.002) (0.001) (0.002) (0.004) (0.002) (0.004)
6 years of edu. -0.009 -0.009 -0.009 0.154∗∗∗ 0.153∗∗∗ 0.155∗∗∗

(0.009) (0.009) (0.009) (0.017) (0.017) (0.017)
9 years of edu. -0.014 -0.013 -0.014 0.244∗∗∗ 0.242∗∗∗ 0.244∗∗∗

(0.009) (0.009) (0.009) (0.017) (0.017) (0.017)
12 years of edu. -0.029∗∗∗ -0.028∗∗∗ -0.029∗∗∗ 0.296∗∗∗ 0.295∗∗∗ 0.297∗∗∗

(0.009) (0.009) (0.009) (0.017) (0.017) (0.017)
>12 years of edu. -0.043∗∗∗ -0.042∗∗∗ -0.043∗∗∗ 0.439∗∗∗ 0.438∗∗∗ 0.440∗∗∗

(0.009) (0.009) (0.009) (0.017) (0.017) (0.017)
Age 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.037∗∗∗

(0.000) (0.000) (0.000) (0.001) (0.001) (0.001)
Age squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.037∗∗∗ -0.037∗∗∗ -0.037∗∗∗ 0.122∗∗∗ 0.123∗∗∗ 0.122∗∗∗

(0.001) (0.001) (0.001) (0.002) (0.002) (0.002)
Full-time job 0.292∗∗∗ 0.292∗∗∗ 0.291∗∗∗

(0.004) (0.004) (0.004)
Experience 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗

(0.000) (0.000) (0.000)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000)

Observations 218,698 218,698 218,698 182,260 182,260 182,260
Adjusted R2 0.016 0.016 0.016 0.354 0.354 0.354

Standard errors adjusted for 299 clusters in year and county are in parentheses. ∗ p < 0.1, ∗∗ p < 0.05,
∗∗∗ p < 0.01. Year effects and county effects are included in all estimations. The dummy of under 6
years of schooling is used as the control group.
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5.2 IV estimates

We need instrumental variables due to the possibility of realized ODI, imports and exports

being correlated with unobserved demand or supply shocks from the home market. We

use trade between South Korea and China as an instrument for that between Taiwan and

China. We use the world’s stock in China as an IV for Taiwan’s ODI in China.

Table 3 presents the results of 2SLS estimates. For each dependent variable, we present

four kinds of specifications. The coefficients are consistent within each specification. In the

regression of unemployment, the coefficients show that increasedODI and net exports have

opposite effects on unskilled and skilled labor. Unskilled workers benefit from increased

net exports, while skilled ones benefit from increased ODI. As a brief conclusion to wage

effects, ODI has negative effects on all of the labor force. The positive coefficients show that

the skilled labor force suffers less, yet the effects are insignificant. Net exports have positive

effects on all of the labor force. Similarly, the effects on skilled laborers are insignificant.

Most of the coefficients for the controls are statistically significant. Other controls show

that a man who with the college education and spouse is less likely to be unemployed and

tends to have higher wage. One who is older is more likely to be unemployed but has

a higher wage. Men who have full-time jobs and more experience earn more. And we

see an inverted U-shape relationship between wage and age as well as between wage and

experience.

Table 4 reports the first-stage results. Here, both ODI and trade are treated as endoge-

nous for the regression of unemployment. F-statistics are large, showing a strong relation

between the instruments and endogenous variables.

To benchmark the impact, we applied the real values of ODI and net exports. Our

preferred specification was the one that treated both ODI and net exports as endogenous.

The unit of ODI is 1,000 dollars. In other words, a 1,000 dollar increase inODI led to a 0.6%

increase in the unemployment rate by and a 2.4% decrease in the wage level for unskilled

labor. For a skilled worker, the unemployment rate fell by 0.3%, and wage fell by 2.6%. The

unit of net exports was also 1,000 dollars. For a 1,000 dollar increase in net exports, the

probability of unemployment decreased by 0.3% for unskilled labor and increased by 0.3%
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Table 3: The Impact of ODI and Trade on Male’s Labor Market (2SLS)

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

ODI 0.002∗ 0.005∗ 0.009∗∗∗ 0.006∗∗ -0.010∗∗∗ -0.028∗∗∗ -0.017∗∗∗ -0.024∗∗∗

(0.001) (0.003) (0.003) (0.003) (0.002) (0.005) (0.005) (0.005)
ODI*Skilled labor -0.002∗∗∗ -0.007∗∗∗ -0.013∗∗∗ -0.010∗∗∗ 0.003∗∗ 0.003 0.002 -0.002

(0.000) (0.002) (0.002) (0.002) (0.001) (0.003) (0.005) (0.004)
Net export -0.002 -0.004∗∗ -0.003∗∗ 0.010∗∗∗ 0.006∗∗ 0.008∗∗∗

(0.001) (0.001) (0.001) (0.002) (0.003) (0.002)
Net export*Skilled labor 0.004∗∗∗ 0.007∗∗∗ 0.006∗∗∗ 0.000 0.001 0.003

(0.001) (0.001) (0.001) (0.002) (0.003) (0.002)
Skilled labor -0.009∗∗∗ -0.002 -0.001 -0.002 0.216∗∗∗ 0.205∗∗∗ 0.202∗∗∗ 0.205∗∗∗

(0.001) (0.002) (0.002) (0.002) (0.002) (0.004) (0.004) (0.004)
6 years of edu. -0.009 -0.009 -0.009 -0.009 0.153∗∗∗ 0.154∗∗∗ 0.154∗∗∗ 0.154∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
9 years of edu. -0.013 -0.014 -0.014 -0.014 0.242∗∗∗ 0.243∗∗∗ 0.244∗∗∗ 0.243∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
12 years of edu. -0.028∗∗∗ -0.029∗∗∗ -0.029∗∗∗ -0.029∗∗∗ 0.294∗∗∗ 0.296∗∗∗ 0.297∗∗∗ 0.296∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
<12 years of edu. -0.042∗∗∗ -0.043∗∗∗ -0.043∗∗∗ -0.043∗∗∗ 0.438∗∗∗ 0.439∗∗∗ 0.439∗∗∗ 0.439∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
Age 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.037∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001)
Age squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.037∗∗∗ -0.037∗∗∗ -0.037∗∗∗ -0.037∗∗∗ 0.123∗∗∗ 0.122∗∗∗ 0.122∗∗∗ 0.122∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.002) (0.002)
Full-time job 0.292∗∗∗ 0.291∗∗∗ 0.292∗∗∗ 0.291∗∗∗

(0.004) (0.004) (0.004) (0.004)
Experience 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗

(0.000) (0.000) (0.000) (0.000)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Endogenous variables ODI ODI Net export Both ODI ODI Net export Both
Observations 218,698 218,698 218,698 218,698 182,260 182,260 182,260 182,260
Adjusted R2 0.016 0.016 0.016 0.016 0.354 0.354 0.354 0.354

Standard errors in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Year effects and county effects are included
in all estimations. The dummy of under 6 years of schooling is used as the control group.
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Table 4: The First Stage Results of Specification (4) in 2SLS Estimates

ODI ODI*Skilled Net export Net export*Skilled
(1) (2) (3) (4)

World FDI 10.876∗∗∗ -1.338∗∗∗ 11.722∗∗∗ -0.378∗∗∗

(0.040) (0.026) (0.118) (0.076)
World FDI*Skilled labor 0.224∗∗∗ 14.313∗∗∗ -0.066 11.980∗∗∗

(0.031) (0.037) (0.088) (0.126)
Korea net export 0.123∗∗∗ -0.038∗∗∗ 0.543∗∗∗ -0.059∗∗∗

(0.001) (0.001) (0.003) (0.002)
Korea net export*Skilled labor 0.007∗∗∗ 0.287∗∗∗ 0.038∗∗∗ 0.831∗∗∗

(0.001) (0.001) (0.003) (0.004)
Skilled labor -0.040∗∗∗ 0.757∗∗∗ -0.093∗∗∗ 0.929∗∗∗

(0.003) (0.004) (0.008) (0.008)
6 years of edu. 0.017∗ -0.020∗∗∗ 0.045∗ -0.025∗

(0.010) (0.006) (0.024) (0.013)
9 years of edu. 0.015 -0.030∗∗∗ 0.040 -0.033∗∗

(0.010) (0.006) (0.024) (0.014)
12 years of edu. 0.017∗ -0.032∗∗∗ 0.045∗ -0.035∗∗∗

(0.010) (0.006) (0.024) (0.014)
<12 years of edu. 0.015 -0.025∗∗∗ 0.036 -0.024∗

(0.010) (0.006) (0.024) (0.014)
Age 0.000 0.000 -0.000 0.003∗∗∗

(0.001) (0.000) (0.001) (0.001)
Age squ. -0.000 -0.000∗ 0.000 -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)
Spouse -0.004∗∗ -0.003∗ -0.009∗ -0.009∗∗∗

(0.002) (0.001) (0.005) (0.003)

Observations 218,698 218,698 218,698 218,698
Adjusted R2 0.971 0.983 0.942 0.960
F-ststistics 30,398.3 205,687 22,194.5 89,514.5

Standard errors in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Year effects and county effects are
included in all estimations. The dummy of under 6 years of schooling is used as the control group.
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Table 5: Benchmarking the impact of ODI and Net Exports

ODI Net exports Total Real change
Unemployment

skilled labor -1.37% 1.87% -0.50% 2.68%
unskilled labor 2.73% -1.87% 0.86% 1.49%

Wage level
skilled labor -11.83% 6.86% -4.97% -10.00%
unskilled labor -10.92% 4.99% -5.93% -9.96%

We applied the estimated coefficients to the real changes of ODI and net
exports between 1998 and 2010.

for skilled labor. An unskilled laborer’s wage increased by 0.8%, and a skilled laborer’s wage

rose by 1.1%. The average ODI rose from 1.42 in1998 to 5.97 in 2010, and the net export rose

from 1.54 to 7.78. As Table 5 shows, we applied the real changes in the values to the estimated

coefficients. We also show, for comparison, the real changes in the unemployment rate and

wage level between 1998 and 2010.

These results indicate that Taiwan’s ODI in China substitutes for unskilled workers in

Taiwan. For the firms which should have produced in Taiwan, investment in China has

negative effects on unskilled laborers. With firms migrating to China, unemployment in-

creases and wages decrease. Although skilled laborers gain access to more jobs, their wage

levels are driven down. With a higher trade surplus with China, Taiwan allows all workers’

wage levels to increase, but the effects are limited. Trade with China also brings unskilled

workers more jobs at the cost of skilled laborer’s jobs.

5.3 Robustness Checks

5.3.1 Labor’s Mobility

If labor could easilymove across regions in response to trade andODI shocks, our estimates

would be biased. Artuç et al. (2010) andMcLaren and Hakobyan (2010) both found limited

migrations due to trade shocks in America. In our research, we estimated the effects of

ODI and net export on the size of working-age population at county level. The population

statistics of each county and each year were from the Ministry of the Interior, R.O.C., and

they included individuals ranging from ages 15 to 64.

Table 6 shows the results. We used lagged terms in different specifications because the

labor movement as an adjustment might be a long-term process. In IV estimations, both
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ODI and net export are treated as endogenous. All coefficients are insignificant, showing

that working-age population is not related to ODI or net exports.

Table 6: Population Change

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

lnODIt -0.011 0.189
(0.022) (0.148)

lnNet exportt -0.005 -0.151
(0.012) (0.098)

lnODIt−1 -0.007 0.103
(0.021) (0.105)

lnNet exportt−1 -0.005 -0.086
(0.011) (0.078)

lnODIt−2 -0.010 0.011
(0.021) (0.079)

lnNet exportt−2 -0.007 -0.035
(0.010) (0.068)

Method OLS OLS OLS IV IV IV
Observations 299 276 253 294 271 248
Adjusted R2 0.999 0.999 0.999 0.998 0.999 0.999

Standard errors in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. The
sample period covers from 1998 to 2010 with 23 counties. Year effects
and county effects are included.

We used two alternative specifications to perform robustness checks on labor’s mobil-

ity. The first one was to focus on middle-aged samples, which we expected to have more

difficulty in moving across counties. We focused on the samples of citizens 40 and above.

The second was to focus on labor with no college education. We expected such worker

would tend to not move across counties. Moreover, in the case of Taiwan, high-educated

workers tend to go to China as part of the ODI. Under these circumstances, we could not

easily identify the impact of ODI on high-educated workers in Taiwan.

The first and fifth column of Table 7 report the results for the middle-age sample. The

effects of ODI and net exports are consistent with the estimations in the full sample. The

second and sixth columns report the results for the no-college education sample.The effects

on unemployment are consistent with the full sample.

5.3.2 Trade Measurement

Hong Kong, as a special administrative region of China, plays a special role in the trade be-

tween Taiwan and China. Many of the Taiwanese-Chinese imports and exports go through
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Table 7: Robustness Check on Male Samples

unemployment ln(wage)
(1) (2) (3) (4) (5) (6) (7) (8)

ODI 0.008∗∗ 0.008∗∗ 0.006∗∗ 0.006∗∗ -0.029∗∗∗ -0.024∗∗∗ -0.024∗∗∗ -0.023∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.007) (0.005) (0.005) (0.005)
ODI*Skilled labor -0.011∗∗∗ -0.011∗∗∗ -0.010∗∗∗ -0.011∗∗∗ -0.004 0.015∗∗ -0.002 -0.001

(0.002) (0.003) (0.002) (0.002) (0.006) (0.007) (0.004) (0.004)
Net export -0.004∗∗ -0.003∗∗ -0.002∗∗ -0.002∗∗ 0.012∗∗∗ 0.007∗∗∗ 0.007∗∗∗ 0.008∗∗∗

(0.002) (0.001) (0.001) (0.001) (0.004) (0.003) (0.002) (0.002)
Net export*Skilled labor 0.007∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.002 -0.008∗ 0.003 0.003

(0.001) (0.002) (0.001) (0.001) (0.004) (0.004) (0.002) (0.002)
Skilled labor -0.003 0.002 -0.002 -0.003 0.286∗∗∗ 0.186∗∗∗ 0.205∗∗∗ 0.205∗∗∗

(0.003) (0.003) (0.002) (0.002) (0.007) (0.007) (0.004) (0.004)
6 years of edu. -0.008 -0.010 -0.009 -0.009 0.138∗∗∗ 0.139∗∗∗ 0.154∗∗∗ 0.154∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
9 years of edu. -0.016∗ -0.016∗ -0.014 -0.014 0.196∗∗∗ 0.200∗∗∗ 0.243∗∗∗ 0.243∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
12 years of edu. -0.028∗∗∗ -0.032∗∗∗ -0.029∗∗∗ -0.029∗∗∗ 0.248∗∗∗ 0.250∗∗∗ 0.296∗∗∗ 0.296∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
>12 years of edu. -0.036∗∗∗ -0.043∗∗∗ -0.043∗∗∗ 0.422∗∗∗ 0.439∗∗∗ 0.439∗∗∗

(0.009) (0.009) (0.009) (0.018) (0.017) (0.017)
Age 0.005∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.039∗∗∗ 0.035∗∗∗ 0.037∗∗∗ 0.037∗∗∗

(0.001) (0.000) (0.000) (0.000) (0.003) (0.001) (0.001) (0.001)
Age squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.044∗∗∗ -0.041∗∗∗ -0.037∗∗∗ -0.037∗∗∗ 0.123∗∗∗ 0.119∗∗∗ 0.122∗∗∗ 0.122∗∗∗

(0.002) (0.002) (0.001) (0.001) (0.004) (0.002) (0.002) (0.002)
Full-time job 0.307∗∗∗ 0.307∗∗∗ 0.291∗∗∗ 0.291∗∗∗

(0.006) (0.005) (0.004) (0.004)
Experience 0.020∗∗∗ 0.022∗∗∗ 0.021∗∗∗ 0.021∗∗∗

(0.000) (0.000) (0.000) (0.000)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Sample age> 40 under-college H.K. 3IV age> 40 under-college H.K. 3IV
Observations 103,646 149,791 218,698 218,698 92,591 124,123 182,260 182,260
Adjusted R2 0.016 0.015 0.016 0.016 0.338 0.271 0.354 0.354

Standard errors in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. In the third and eighth column, the values of net
export include Hong Kong. The fourth and eighth column report the results of estimates with three IV.The p-values
of Hansen J statistics are 0.05 and 0.15 in specification (4) and (8), indicating that the overidentifying restriction is
only valid in the regressiong of unemployment.
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Hong Kong. To speculate about the real impact of the demand from China, we therefore

included the trade values between Hong Kong and Taiwan. The results are in the third and

eighth column of Table 7. The effects of ODI and net exports on employment and wage are

similar to those estimated with statistics including only China.

5.3.3 Alternative Instrumental Variables

Autor et al. (2013) identified the growing capabilities of China’s US-bound export industry

in the two decades under investigation. Being the primary sources of intermediate goods,

Taiwan’s exports and ODI could be correlated with China’s exports to the USA.This theory

is supported by the unlikelihood of China’s US-bound exports being correlated with the

error term in our empirical specification. This makes China’s exports to US an appropri-

ate instrument variable. We treated ODI and net exports as endogenous, estimating them

with three instruments, which were the world’s stock in China, the trade between China

and South Korea, and China’s exports to the USA.The results are in the fourth and eighth

column of Table 7, which are consistent with the results from using two IV variables.

6 Conclusion

From 1998 and 2010, Taiwan’s yearly trade surplus with China grew from less than 200

million USD to 800 million USD, and yearly ODI in China grew from 2 billion USD to

14 billion. We used the Manpower Utilization Survey pooled dataset during this period

to examine the labor-market effects of the tremendous changes of the values of ODI and

trade.

Our research provides measures for ODI and trade at the region level with theoretical

foundations. It also demonstrates how to simultaneously estimate the effects of ODI and

trade. The empirical findings showed that, for male laborers, ODI has opposite effects on

unskilled and skilled laborer’s unemployment levels, with the benefits going to skilled la-

borers. However, it has negative wage effects on all labor. Likewise, the trade surplus had

opposite effects on unskilled and skilled laborer’s unemployment levels, with the benefits

going to unskilled laborers. It also raised the wage level for all laborers. Compared to ODI,
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trade surplus has less of an impact on the labor markets. As for wage effects, it makes only

half the impact that ODI does.

The findings of our study contribute to the debate that whether the economic relations

with China poses threat to Taiwan’s labor. In our calculations, the total labor-market effects

of ODI and trade could explain more than 40% of the real changes of unemployment rate

and wage level. The impact on unskilled workers are more significant than that on skilled

workers. Such conclusionsmight provide somepolicy implications that government should

be wary of relaxing the restrictions of ODI and trade with low-labor-cost countries like

China.
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APPENDIX

A Alternative Specifications

A.1 Industry Effects

In our model, we calculate the weighed values of regional ODI and net export using the

industry structure, and we map these values to individual outcome. Thus, we use only

county fixed effects and years effects in our specifications. In this section, we present the

results of specifications which include industry fixed effects. The results are in table 8. After

including industry effects, the coefficients of our interested variables become a little smaller.

Table 8: The Impact of ODI and Trade on Male’s Labor Market (2SLS)

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

ODI 0.003∗∗ 0.005∗ 0.008∗∗∗ 0.006∗∗ -0.011∗∗∗ -0.027∗∗∗ -0.018∗∗∗ -0.024∗∗∗

(0.001) (0.003) (0.003) (0.003) (0.002) (0.005) (0.005) (0.005)
ODI*Skilled labor -0.002∗∗∗ -0.007∗∗∗ -0.012∗∗∗ -0.010∗∗∗ 0.004∗∗∗ 0.001 0.003 -0.002

(0.000) (0.002) (0.002) (0.002) (0.001) (0.003) (0.005) (0.004)
Net export -0.002 -0.003∗∗ -0.002∗∗ 0.010∗∗∗ 0.006∗∗ 0.008∗∗∗

(0.001) (0.001) (0.001) (0.002) (0.003) (0.002)
Net export*Skilled labor 0.003∗∗∗ 0.007∗∗∗ 0.006∗∗∗ 0.002 0.002 0.003

(0.001) (0.001) (0.001) (0.002) (0.003) (0.002)
Skilled labor -0.002 -0.003 -0.001 -0.003 0.206∗∗∗ 0.206∗∗∗ 0.202∗∗∗ 0.205∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.004) (0.004) (0.004) (0.004)
6 years of edu. -0.007 -0.007 -0.007 -0.007 0.149∗∗∗ 0.149∗∗∗ 0.149∗∗∗ 0.154∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
9 years of edu. -0.010 -0.010 -0.010 -0.010 0.233∗∗∗ 0.234∗∗∗ 0.234∗∗∗ 0.243∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
12 years of edu. -0.021∗∗ -0.020∗∗ -0.020∗∗ -0.020∗∗ 0.281∗∗∗ 0.282∗∗∗ 0.282∗∗∗ 0.296∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
>12 years of edu. -0.032∗∗∗ -0.032∗∗∗ -0.032∗∗∗ -0.032∗∗∗ 0.408∗∗∗ 0.408∗∗∗ 0.408∗∗∗ 0.439∗∗∗

(0.009) (0.009) (0.009) (0.009) (0.017) (0.017) (0.017) (0.017)
Age 0.001∗ 0.001∗ 0.001∗ 0.001∗ 0.036∗∗∗ 0.036∗∗∗ 0.036∗∗∗ 0.037∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001)
Age squ. -0.000∗∗ -0.000∗∗ -0.000∗∗ -0.000∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.036∗∗∗ -0.036∗∗∗ -0.036∗∗∗ -0.036∗∗∗ 0.118∗∗∗ 0.118∗∗∗ 0.118∗∗∗ 0.122∗∗∗

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.002) (0.002)
Full-time job 0.292∗∗∗ 0.292∗∗∗ 0.292∗∗∗ 0.291∗∗∗

(0.005) (0.005) (0.005) (0.004)
Experience 0.020∗∗∗ 0.020∗∗∗ 0.020∗∗∗ 0.021∗∗∗

(0.000) (0.000) (0.000) (0.000)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Endogenous variables ODI ODI Net export Both ODI ODI Net export Both
Observations 218,698 218,698 218,698 218,698 182,260 182,260 182,260 182,260
Adjusted R2 0.019 0.020 0.019 0.020 0.365 0.365 0.365 0.354

Standard errors in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Year effects, county effects and industry
effects are included in all estimations. The dummy of under 6 years of schooling is used as the control group.
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A.2 Clustered Errors

In this study, ourmain specifications and robustness check estimate robust standard errors.

In this section, we present the results of estimates, the standard errors of which is clustered

at county level. Table 9 shows the results. The estimated coefficients differ not much from

table 3, but the errors become larger. We further present the results of robustness check

using clustered errors, which is in table 10. A different picture emerges. The effects on

unskilled labor’s unemployment become insignificant. The effects trademakes on unskilled

labor’s wage also become insignificant, while ODI makes larger effects now.

Table 9: The Impact of ODI and Trade on Male’s Labor Market (2SLS)

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

ODI 0.003∗∗ 0.005 0.009∗∗ 0.006 -0.011∗∗∗ -0.028∗∗ -0.017∗ -0.024∗∗

(0.001) (0.005) (0.004) (0.005) (0.002) (0.011) (0.009) (0.010)
ODI*Skilled labor -0.002∗∗∗ -0.007∗∗∗ -0.013∗∗∗ -0.010∗∗∗ 0.003∗∗∗ 0.003 0.002 -0.002

(0.000) (0.002) (0.002) (0.002) (0.001) (0.009) (0.009) (0.012)
Net export -0.002 -0.004∗∗ -0.003 0.010∗∗ 0.006 0.008∗

(0.002) (0.002) (0.002) (0.005) (0.004) (0.004)
Net export*Skilled labor 0.004∗∗∗ 0.007∗∗∗ 0.006∗∗∗ 0.000 0.001 0.003

(0.001) (0.001) (0.001) (0.006) (0.005) (0.007)
Skilled labor -0.002 -0.002 -0.001 -0.002 0.205∗∗∗ 0.205∗∗∗ 0.202∗∗∗ 0.205∗∗∗

(0.002) (0.002) (0.003) (0.003) (0.004) (0.017) (0.016) (0.017)
6 years of edu. -0.009 -0.009 -0.009 -0.009 0.154∗∗∗ 0.154∗∗∗ 0.154∗∗∗ 0.154∗∗∗

(0.009) (0.008) (0.008) (0.008) (0.017) (0.019) (0.019) (0.019)
9 years of edu. -0.014 -0.014∗ -0.014∗ -0.014∗ 0.243∗∗∗ 0.243∗∗∗ 0.244∗∗∗ 0.243∗∗∗

(0.009) (0.008) (0.008) (0.008) (0.017) (0.022) (0.022) (0.022)
12 years of edu. -0.029∗∗∗ -0.029∗∗∗ -0.029∗∗∗ -0.029∗∗∗ 0.296∗∗∗ 0.296∗∗∗ 0.297∗∗∗ 0.296∗∗∗

(0.009) (0.008) (0.008) (0.008) (0.017) (0.023) (0.023) (0.023)
> 12 years of edu. -0.043∗∗∗ -0.043∗∗∗ -0.043∗∗∗ -0.043∗∗∗ 0.439∗∗∗ 0.439∗∗∗ 0.439∗∗∗ 0.439∗∗∗

(0.009) (0.008) (0.008) (0.008) (0.017) (0.026) (0.026) (0.026)
Age 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.037∗∗∗ 0.037∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.001) (0.002) (0.002) (0.002)
Age squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.037∗∗∗ -0.037∗∗∗ -0.037∗∗∗ -0.037∗∗∗ 0.122∗∗∗ 0.122∗∗∗ 0.122∗∗∗ 0.122∗∗∗

(0.001) (0.002) (0.002) (0.002) (0.002) (0.005) (0.005) (0.005)
Full-time job 0.292∗∗∗ 0.291∗∗∗ 0.292∗∗∗ 0.291∗∗∗

(0.004) (0.008) (0.008) (0.008)
Experience 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗

(0.000) (0.001) (0.001) (0.001)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Endogenous variables ODI ODI Net export Both ODI ODI Net export Both
Observations 218,698 218,698 218,698 218,698 182,260 182,260 182,260 182,260
Adjusted R2 0.016 0.016 0.016 0.016 0.354 0.354 0.354 0.354

Standard errors adjusted for 23 clusters in county in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Year
effects and county effects are included in all estimations. The dummy of under 6 years of schooling is used as
the control group.
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Table 10: Robustness Check on Male Samples

unemployment ln(wage)
(1) (2) (3) (4) (5) (6) (7) (8)

ODI 0.008 0.008 0.006 0.006 -0.029∗ -0.024∗∗ -0.024∗∗ -0.023∗∗

(0.006) (0.006) (0.005) (0.005) (0.015) (0.011) (0.010) (0.011)
ODI*Skilled labor -0.011∗∗∗ -0.011∗∗∗ -0.010∗∗∗ -0.011∗∗∗ -0.004 0.015 -0.002 -0.001

(0.002) (0.003) (0.002) (0.002) (0.013) (0.010) (0.012) (0.011)
Net export -0.004 -0.003 -0.002 0.012∗ 0.007 0.008

(0.003) (0.002) (0.002) (0.007) (0.005) (0.005)
Net export*Skilled labor 0.007∗∗∗ 0.006∗∗∗ 0.006∗∗∗ 0.002 -0.008 0.003

(0.002) (0.002) (0.001) (0.008) (0.006) (0.007)
Skilled labor -0.003 0.002 -0.002 -0.003 0.286∗∗∗ 0.186∗∗∗ 0.205∗∗∗ 0.205∗∗∗

(0.004) (0.003) (0.003) (0.003) (0.018) (0.013) (0.017) (0.017)
6 years of edu. -0.008 -0.010 -0.009 -0.009 0.138∗∗∗ 0.139∗∗∗ 0.154∗∗∗ 0.154∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.019) (0.019) (0.019) (0.019)
9 years of edu. -0.016∗ -0.016∗∗ -0.014∗ -0.014∗ 0.196∗∗∗ 0.200∗∗∗ 0.243∗∗∗ 0.243∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.020) (0.021) (0.022) (0.022)
12 years of edu. -0.028∗∗∗ -0.032∗∗∗ -0.029∗∗∗ -0.029∗∗∗ 0.248∗∗∗ 0.250∗∗∗ 0.296∗∗∗ 0.296∗∗∗

(0.008) (0.008) (0.008) (0.008) (0.023) (0.022) (0.023) (0.023)
> 12 years of edu. -0.036∗∗∗ -0.043∗∗∗ -0.043∗∗∗ 0.422∗∗∗ 0.439∗∗∗ 0.439∗∗∗

(0.008) (0.008) (0.008) (0.026) (0.026) (0.026)
Age 0.005∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.001∗∗∗ 0.039∗∗∗ 0.035∗∗∗ 0.037∗∗∗ 0.037∗∗∗

(0.002) (0.000) (0.000) (0.000) (0.004) (0.001) (0.002) (0.002)
Age squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.044∗∗∗ -0.041∗∗∗ -0.037∗∗∗ -0.037∗∗∗ 0.123∗∗∗ 0.119∗∗∗ 0.122∗∗∗ 0.122∗∗∗

(0.003) (0.002) (0.002) (0.002) (0.006) (0.005) (0.005) (0.005)
Full-time job 0.307∗∗∗ 0.307∗∗∗ 0.291∗∗∗ 0.291∗∗∗

(0.010) (0.007) (0.008) (0.008)
Experience 0.020∗∗∗ 0.022∗∗∗ 0.021∗∗∗ 0.021∗∗∗

(0.001) (0.001) (0.001) (0.001)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Sample age> 40 unskilled H.K. 3IV age> 40 unskilled H.K. 3IV
Observations 103,646 149,791 218,698 218,698 92,591 124,123 182,260 182,260
Adjusted R2 0.016 0.015 0.016 0.016 0.338 0.271 0.354 0.354

Standard errors adjusted for 23 clusters in county in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. In the third
and eighth column, the values of net export include Hong Kong. The fourth and eighth column report the results
of estimates with three IV.
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B Female Labor Market

We report the results of the IV estimations with robust errors for the female labormarket in

Table 11. For unemployment, the coefficients show that ODI has no impact on female labor

once net export is included and treated as endogenous. For wage, the effects of ODI and

net exports on unskilled labor aremore robust and consistent across different specifications

than are skilled one. The results show the same effects: the unskilled female labor force did

not differ from the unskilled male labor force in this regard.

Table 11: The Impact of ODI and Trade on Female Labor Market

unemployment ln(wage)
(1) (2) (3) (4) (5) (6) (7) (8)

ODI 0.003∗∗ 0.005∗ 0.002 0.003 -0.002 -0.022∗∗∗ -0.015∗∗ -0.021∗∗∗

(0.001) (0.003) (0.003) (0.003) (0.002) (0.005) (0.006) (0.005)
ODI*Skilled labor -0.002∗∗∗ -0.004∗∗∗ -0.001 -0.002 0.000 0.007∗∗ 0.008 0.004

(0.000) (0.002) (0.003) (0.002) (0.001) (0.003) (0.006) (0.004)
Net export -0.002 0.000 -0.000 0.013∗∗∗ 0.010∗∗∗ 0.012∗∗∗

(0.001) (0.002) (0.001) (0.002) (0.003) (0.003)
Net export*Skilled labor 0.001 -0.001 -0.000 -0.005∗∗ -0.005 -0.003

(0.001) (0.002) (0.001) (0.002) (0.003) (0.003)
Skilled labor -0.001 -0.001 -0.001 -0.001 0.240∗∗∗ 0.240∗∗∗ 0.238∗∗∗ 0.240∗∗∗

(0.002) (0.002) (0.002) (0.002) (0.005) (0.005) (0.005) (0.005)
6 years of edu. -0.001 -0.001 -0.001 -0.001 0.068∗∗∗ 0.068∗∗∗ 0.069∗∗∗ 0.068∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.011) (0.011) (0.011) (0.011)
9 years of edu. -0.003 -0.003 -0.003 -0.003 0.148∗∗∗ 0.149∗∗∗ 0.149∗∗∗ 0.149∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.011) (0.011) (0.011) (0.011)
12 years of edu. -0.005 -0.005 -0.005 -0.005 0.251∗∗∗ 0.252∗∗∗ 0.252∗∗∗ 0.252∗∗∗

(0.003) (0.003) (0.003) (0.003) (0.011) (0.011) (0.011) (0.011)
<12 years of edu. -0.016∗∗∗ -0.016∗∗∗ -0.016∗∗∗ -0.016∗∗∗ 0.446∗∗∗ 0.447∗∗∗ 0.447∗∗∗ 0.447∗∗∗

(0.004) (0.004) (0.004) (0.004) (0.011) (0.011) (0.011) (0.011)
Age -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗ -0.002∗∗∗ 0.024∗∗∗ 0.024∗∗∗ 0.024∗∗∗ 0.024∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.001) (0.001) (0.001) (0.001)
Age squ. 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗ 0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Spouse -0.031∗∗∗ -0.031∗∗∗ -0.031∗∗∗ -0.031∗∗∗ -0.005∗∗ -0.005∗∗ -0.005∗∗ -0.005∗∗

(0.001) (0.001) (0.001) (0.001) (0.002) (0.002) (0.002) (0.002)
Full-time job 0.236∗∗∗ 0.235∗∗∗ 0.235∗∗∗ 0.235∗∗∗

(0.007) (0.007) (0.007) (0.007)
Experience 0.022∗∗∗ 0.022∗∗∗ 0.022∗∗∗ 0.022∗∗∗

(0.000) (0.000) (0.000) (0.000)
Experience squ. -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗ -0.000∗∗∗

(0.000) (0.000) (0.000) (0.000)

Endogenous variables ODI ODI Net export Both ODI ODI Net export Both
Observations 154,481 154,481 154,481 154,481 114,702 114,702 114,702 114,702
Adjusted R2 0.017 0.017 0.017 0.017 0.414 0.415 0.415 0.414

Standard errors in parentheses. ∗ p < 0.1, ∗∗ p < 0.05, ∗∗∗ p < 0.01. Year effects and county effects are included
in all estimations. The dummy of under 6 years of schooling is used as the control group.

C Industry Structure

In table 12, we shows how workers concentrate in specific industries in each county. To

each county, we list the top three industry that has the most workers in 2010.
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Table 12: Industry Concentration

County 1st industry 2st industry 3st industry
Taipei County wholesale & retail trade electronic equipment construction
Yilan wholesale & retail trade primary industry construction
Taoyuan electronic equipment wholesale & retail trade construction
Hsinchu County electronic equipment construction wholesale & retail trade
Miaoli wholesale & retail trade electronic equipment primary industry
Taichung County wholesale & retail trade electronic equipment fabricated metal products
Changhua wholesale & retail trade primary industry fabricated metal products
Nantou primary industry wholesale & retail trade construction
Yunlin primary industry wholesale & retail trade construction
Chiayi primary industry wholesale & retail trade construction
Tainan County wholesale & retail trade primary industry electronic equipment
Kaohsiung County wholesale & retail trade construction primary industry
Pingdon primary industry wholesale & retail trade construction
Taidon primary industry wholesale & retail trade construction
Hualin primary industry wholesale & retail trade human health activities
Keelung wholesale & retail trade transportation & storage construction
Hsinchu City electronic equipment wholesale & retail trade construction
Taichung City wholesale & retail trade accommodation & food service construction
Chiayi City wholesale & retail trade human health activities construction
Tainan City wholesale & retail trade accommodation & food service electronic equipment
Taipei City wholesale & retail trade financial & insurance activities professional scientific & technical activities
Kaohsiung City wholesale & retail trade construction accommodation & food service

Primary industry includes agriculture, forestry, fishing, and livestocks.
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