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RESEARCH ARTICLE

Xiaofeng Penny Li

Trade Liberalization and Wage Inequality:
Evidence from the U.S. States

Abstract This paper examines the relationship between trade liberalization and
wage inequality for 50 U.S. states during the period from 1999 to 2008. The
Difference-in-Differences and fixed effects methods are employed to evaluate the
effect of trade liberalization on wage inequality in the U.S. states. Empirical
results reveal that trade liberalization and de-unionization do increase the wage
inequality between skilled and unskilled workers. Evidence shows skill-biased
technological change has no significant impact on rising wage inequality. As
Difference-in-Differences estimation on time-series cross sectional data involves
many years, the conventional standard errors often understate the standard
deviation of the estimators. This paper employs the standard bootstrapping
procedure and the clustering error procedure to correct the problem, and all sign
patterns still hold.

Keywords trade liberalization, wage inequality, skill-biased technological
change, de-unionization
JEL Classification F22, J31, J5, J43,J61, R23, R58

1 Introduction

Rising wage inequality has been found among developed countries. It started in
the UK and the US in the late 1970s, and became widespread in OECD countries
during the 2000s. Wage inequality grew most rapidly in the United States during
the first decade of the 21% Century. Rapidly rising wage inequality could cause
economic slowdown and societal instability. The explanations for rising wage
inequality in the US are wide-ranging, including international trade, skill biased
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technological change (SBTC), immigration, and de-unionization. The purpose of
this paper is to investigate the driving forces behind the rapidly rising wage
inequality across states in the US during the period from 1999 to 2008.

According to the Stolper-Samuelson (SS) theorem, one of the most prominent
corollaries of Heckscher-Ohlin’s model, a country’s relatively abundant factor
will benefit from international trade and the scarce factor will be hurt. The
conventional way for applying the SS framework to analyze wage distribution is
to disaggregate the labor endowment into two categories: unskilled labor
(without accumulation of human capital) and skilled labor (with accumulation of
human capital). SS theorem states that skilled workers in the US will benefit and
unskilled workers will be hurt when opening trade with developing countries.
The US is relatively abundant in skilled labor whereas developing countries are
relatively abundant in unskilled labor. In sum, the process of trade liberalization
pushes the wages of skilled workers up and pulls the wages of unskilled workers
down in the US, which consequently widens the wage gap between skilled and
unskilled workers. Wood (1995, 1997, and 1998) provides empirical evidence for
the SS theorem in his series of studies. However, Krugman and Lawrence (1994)
are skeptical about the prediction of the SS theorem. They notice that the trade
volume in the US is too small relative to GDP to have a significant impact on the
wage setting. According to their study, the SS theorem is clear and logical in
theory, but not practical in reality.

Acemoglu (2002) argues that the increasing wage gap in the US is mainly due
to SBTC. SBTC implies that technology is a complement of skilled labor. When
technologies advance, the demand for skilled labor increases, so does their wage
rate. As a result, the wage gap between skilled and unskilled labor will rise when
new technologies are implemented. According to Card and DiNardo (2002),
however, SBTC cannot be the unicausal explanation for rising wage inequality
from the evidence of the U.S. historical data. Van Reenen (2011) notices that
technology is only partly endogenous and induced by trade. Therefore trade does
matter for rising wage inequality through different channels. Moreover, most
empirical studies of wage inequality in the US have focused on the national level
with little attention paid to the sub-national level despite repeated calls for such
studies (Bridge, 2002; Gosling and Lemieux, 2004; Rigby and Breau, 2008).

The US has actively engaged to establish bilateral and regional free trade
arrangements (FTAs) with a number of countries during the period 2001-2009.
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This creates an opportunity to use a quasi-experimental design approach to
analyze the relationship between trade liberalization and wage inequality. This
paper uses a Difference-in-Differences (DD) method to examine whether or not
trade liberalization is responsible for rising wage inequality in U.S. states. The
paper also developed a fixed effects model including SBTC, relative demand for
skilled labor, immigration and de-unionization, which are considered to be
important factors in explaining rising wage inequality.

This paper contributes to the literature on trade liberalization and wage
inequality by focusing on state-level units of observations. The state-level
differences have been controlled for the analysis. Although the U.S. states’ data
follow a similar trend in general, the state-level variability is still pronounced.
The heterogeneities of states are derived from each state’s unique political,
institutional and regional differences. If the considerable variation across states is
not considered, the results of estimation will be biased. The dataset used in the
paper involves many years. The conventional DD estimation will underestimate
the standard error due to the serial correlation. The bootstrapping method and
group error clustering method are applied to correct the biased estimation
problem from the DD method.

The remainder of the paper is organized as follows: Section 2 presents an
empirical model and explains the estimation methodology. Section 3 describes
the data source. Section 4 presents and discusses the results. The concluding
section summarizes the main findings and their policy implications.

2 Empirical Model

In order to identify the impact of free trade agreements on wage inequality, this
study uses two sources of sample variation: the variation between the regions that
entered FTAs between 2002 and 2006 and the regions that did not enter any
FTAs during the period 2002—2006 and the variation before and after the free
trade shocks. Specifically, this study applies a DD quasi-experimental method
that compares the changes in wage inequality between the regions that entered
FTAs and those that did not enter any FTAs during the period 2002-2006 before
and after free trade shocks. This methodology is similar to other studies, such as
Goldberg and Pavcnik (2005), Hanson (2007), Verhoogen (2008), Topalova
(2010), and Han et al. (2012). The 51 states of the US are the regions engaged in
FTAs during the period 2002—-2006 and so are treated as the treatment group. The
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10 provinces of Canada are the regions that did not enter any FTAs and so are
treated as the control group. Entering FTAs is the treatment. According to Meyer
(1995), a good control group should include countries that are “similar” to the
treatment group. As a neighboring country to the US, Canada is located in the
same geographic area as the US, and also has the same language, similar culture
and similar educational system as the US. Canada and the US remain in a close
economic and political relationship. Both the US and Canada are members of the
North American Free Trade Agreement (NAFTA). According to Wolfson and
Murphy (1998), the trends in distribution of labor income between
more-and-less-educated workers in Canada and those in the US became more
similar in the 1990s. Grenier and Tavakoli (2009) find that the patterns of change
for the wage ratio between production and non-production workers in the
manufacturing sector in Canada and the US are similar. Another incentive to use
a DD method is due to the lack of state-level data, and it is easy to calculate the
standard errors. The baseline DD model is the following:

o = Po + US; + BFTA, + By (FTA*US),, + &, - (D
ict

Similar to Han et al. (2012), the fixed effects model includes a set of variables
to control the observed state characteristics. The specification for the regression
is as follows:

—r=a +p (FTA -US), +y X,

ict

1 Eis (2)

ct

s
ict
where o

is the wage ratio of skilled workers to unskilled workers. F74 is
ict
a dummy variable which equals one for observations after the year 2002 and
equals zero for all other years. US denotes a dummy variable which is equal to
one for states in the US and equal to zero for provinces in Canada. 7; is the
state fixed effects to control for time-invariant state/provincial characteristics,
and 7, is the year fixed effect to control for secular shocks in each year. X,,
is a vector of observable characteristics for each state/province including
immigrants- population ratio, union density, physical capital-labor ratio, relative
skilled to unskilled labor employment and research and development (R&D)

intensity. The incentive to include the physical capital stock is that capital goods
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are usually skill complementary, and new machinery and equipment may
incorporate skill-biased technological innovations (Krusell et al., 2000; Acosta
and Gasparini, 2007). Immigration and union density variables come from
previous theoretical works: Aydemir and Borjas (2007) and Western and
Rosenfeld (2011). The interest of our DD methodology is the coefficient of the
interaction term, F7A -US in the regression: . The estimation of S tells us
about the change in wage inequality for the states of the US after entering FTAs.

3 Data Source

Expanding international trade by removing trade barriers and lowering tariffs to
trade can bring potential benefits such as increased efficiency, more choices, and
lower prices to the US market. FTAs focus on lowering and removing obstacles
to trade in goods with particular countries or economic regions and include the
rules which are designed to enhance access for US investment, intellectual
property rights (IPR) and services. And the major components of US trade policy
over the past years are what FTAs focus on. In the first decade of the 21 century,
the US engaged to establish bilateral and regional FTAs with a number of
countries. There were seven FTAs in force during this period. Table 1 presents
the list of FTAs in force during the period from 2001 to 2009. While these
countries are individually small, collectively they account for a significant share
of US trade and services. For example, according to the reports of the United
States Government Accountability Office, the fraction of trade volume of goods

Table 1 US Free Trade Agreements, 2001-2009

Free Trade Agreements in Force

December 2001 US-Jordan FTA
January 2004 US-Singapore FTA
January 2004 US-Chile FTA
January 2005 US-Australia FTA
January 2006 US-Morocco FTA
August 2006 US-Bahrain FTA

US-Dominican Republic Central American FTA (DR-CAFTA)
[Entered in force with El Salvador (March 2006), Honduras and
Nicaragua (April 2006), Guatemala (July, 2006), the Dominican
Republic (March 2007), and Costa Rica (January 2009).]

Source: Congressional Research Service.

2006-2009
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of these countries over the total amount of trade of goods in the US is about 4.4
percent during the period 2002—2008. The overall merchandise trade between the
US and its partner countries, such as Jordan, Singapore, Chile and Morocco has
grown by a range from 42 percent to 259 percent. Furthermore, Singapore has
become the U.S. twelfth largest export market and has played a significant role in
services trade since 2008.

The US data used for the analysis comes from the Occupational Employment
Statistics, National Patterns of R&D Resources & Industrial Research and
Development Information System, Current Population Survey, Yearbook of
Immigration Statistics, and the Bureau of Economic Analysis (BEA) regional
economic accounts. The Canadian data used for the analysis comes from the
Labor Force Survey and CANSIM. This paper uses a time-series cross sectional
dataset that provides comparable and consistent measurements of wage
inequality both across states/provinces and through time, which includes 51 US
states and 10 Canadian provinces in the period of 1999-2008.

To construct the dependent variable skilled-unskilled wage ratio, this paper
classifies occupations as “skilled” or “unskilled” by using Chriswick and
Taengnoi (2007) and the National Occupational Classification of Human
Resource and Skill Development Canada and Statistics Canada’s National
Occupational Classification for Statistics. The skilled occupation groups include
executive, administrative & managerial, professional specialty, technicians and
related support. The unskilled occupation groups include service occupations,
operators, fabricators & laborers and farming, forestry and fishing. The wage
rates for skilled workers are the average hourly earnings of the skilled occupation
groups. The wage rates for the unskilled workers are computed as the average
hourly earnings of the unskilled occupation groups. This study follows earlier
studies, such as Machin and van Reenen (2007) and Rubart et al. (2004), in
which R&D intensity is used to measure technology. R&D intensity is computed
as the ratio of R&D expenditure to GDP.

Though BEA provides state-level gross domestic product data, it does not
publish state-level capital stock data. The capital stock data used in this study is
constructed according to Garofalo and Yamarik (2002) and Yamarik (2013) by
apportioning the national capital stock among US states. The state’s capital stock
estimate is the sum of the industry estimates, and it is calculated by the following
equations:
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K® =[5 0/o] Ko, 3)
9

k(=2 k “
i=l

where s represents the state (s=1, ..., 51), i represents the industry (i=1, ..., 9), &
denotes the amounts of capital stock for state s and K refers to BEA totals of
capital stock for industry i.

4 Empirical Findings

4.1 Baseline DD Model and Fixed Effects Model

To study the effects of trade liberalization on wage inequality confounded
variables like technology, immigration, and de-unionization need to be controlled
in the analysis. The estimation of the baseline DD model and fixed effects model
is presented in Table 2. Column (1) reports the OLS coefficients for the standard
DD model, and Column (2) shows the fixed effects coefficients with robust
standard errors. In Column (1), the coefficient for the interaction term, FTA*US
is positive and statistically significant. It indicates that after enacting FTAs the
U.S. states experienced a greater increase in wage inequality between skilled and
unskilled workers. Similar to earlier studies, the significant impact of trade
liberalization on the wage differential is pronounced. In Column (2), the fixed
effects model includes year specific and state/province specific dummies and the
control variables which include R&D intensity, union density, relative skilled to
unskilled labor ratio, immigrant to population ratio and the physical capital stock
to labor ratio. The relationship between FTAs and rising wage inequality is
positive and statistically significant, which is the same as the result from the
baseline DD model. The fixed effects results show that R&D intensity, immigrant
to population ratio and the skilled to unskilled labor ratio have a positive but not
statistically significant effect on wage inequality. The impact of the capital to
labor ratio on wage inequality is negative but not statistically significant. The
union density has a negative and significant effect on wage inequality, which
confirms the findings of Western and Rosenfeld (2011) and evidence that the
decline in organized labor has led to rising wage inequality between members
and non-members. This phenomenon is probably due to the fact that more skilled
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workers tend to join unions compared to unskilled workers.

Table 2 Trade Liberalization and Wage Inequality—DD Results (Dependent Variable:
Skilled Worker to Unskilled Worker Wage Ratio)

Variable (1) )
OLS Fixed Effect
FTA*US 0.0937 0.096"
(0.034) (0.010)
R&D expenditure/GDP 0.145
(0.749)
Capital/labor -0.273
(0.656)
Immig/popul 0.910
(1.739)
Skilled/Unskilled labor ratio 0.027
(0.046)
Union density —0.515"
(0.249)
FTA 0.032
(0.031)
Us 0.403™"
(0.029)
Constant 1.474™ 1.885™"
(0.026) (0.090)
State/province fixed No Yes
Year fixed No Yes
Observations 610 610
Adj R-squared 0.61 0.72

Note: The fixed effect coefficients are reported with robust standard errors in parentheses. *
Denotes significance at 10% level. ** Denotes significance at 5% level. *** Denotes
significance at 1% level.

4.2  Issues with Standard Errors in DD Model

When the conventional DD model is applied to the data involving many periods
instead of one period of pre-treatment and one period of post-treatment, and the
variables of interest only vary at a group level (country level), outcome variables
are often serially correlated. As suggested by Bertrand et al. (2004) the
conventional standard errors often understate the standard deviation for the
estimators. They propose some practical solutions, such as block bootstrapping
standard errors and clustering the error at the group level.
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4.3 Bootstrapping Standard Error and Clustering Standard Error at Group
Level

Earlier studies show that the estimated standard errors for the conventional
DD estimator are biased downwards for serial correlations. The solutions are a
number of bootstrap-based improvements to the inference. Due to the
availability of data, only two groups are applied to the model. The block
bootstrap procedure suggested by Bertrand et al. (2004) is replaced by a
standard bootstrap procedure. Other than the bootstrapping strategy, clustering
standard errors at the group level, (country level in this study) suggested
Bertrand et al. (2004), is another procedure to deal with the downward biased
estimation. Table 3 reports the estimates with a bootstrapped standard error in

Table 3 Trade Liberalization and Wage Inequality—DD results (Dependent Variable:
Skilled Worker to Unskilled Worker Wage Ratio)

Variable e 2)
OLS OLS
FTA'US 0.093"" 0.093™"
(0.017) (2.13¢-14)
R&D expenditure/GDP
Capital/labor
Immig/popul

Skilled/Unskilled labor ratio

Union density

FTA 0.032™" 0.032"
(0.011) (2.11e-14)
Us 0.403™" 0.403"
(0.014) (1.73e-14)
Constant 1.474™ 1.474™
(0.009) (1.71e-14)
State/province fixed No NO
Year fixed No No
Observations 610 610
Adj R-squared 0.61 0.61

Note: Column 2 coefficients are reported with bootstrapped standard errors in parentheses.
Column 3 coefficients are reported with robust standard error clusters on country-year
level in parentheses. *** Denotes significance at 1% level.
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Column (1) and the estimates with clustering standard error at the group-year
level in Column (2). As expected, all sign patterns still hold as the results from
the baseline DD model. The empirical evidence implies that trade
liberalization does have a significant impact on rising wage inequality in the
US during the period 1999-2008.

4.4 Robustness Check with Fixed Effects Model

To Test the robustness of the results in Table 2 and Table 3 a fixed effects model
using the ratio of exports to GDP at state level, Export/GDP as the proxy for
trade liberalization is re-estimated. The results are reported in Table 4. The
coefficient of Export/GDP is positive and statistically significant, which implies
that trade liberalization contributes to the higher wage inequality. This result is
consistent with the DD estimates, which confirms a positive relationship between
trade liberalization and wage inequality.

Table 4 Robustness Check: Trade Liberalization and Wage Inequality—Fixed Effects Model
(Dependent Variable: Skilled Worker to Unskilled Worker Wage Ratio)

Variable Fixed Effect
Export/GDP 1347
(0.377)
R&D expenditure/GDP —-1.084
(0.841)
Capital/labor 4373
(1.191)
Immig/popul 15.798™"
(5.751)
Skilled/Unskilled labor ratio 0.145™
(0.030)
Union density -1.197""
(0.311)
Constant 1561
(0.101)
State fixed Yes
Year fixed Yes
Observations 510
Adj R-squared 0.62

Note: The coefficients are reported with robust standard errors in parentheses. * Denotes
significance at 10% level. ** Denotes significance at 5% level. *** Denotes

significance at 1% level.
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5 Conclusion

The relationship between trade liberalization and wage inequality has been one
of the major topics in international economics over the last three decades,
stimulated by theoretical and empirical studies on the large changes in the wage
structure and the increase in trade activities. In this paper I have argued that trade
liberalization has been an important factor for the widening wage gap between
skilled and unskilled labor. There is strong evidence suggesting that trade
liberalization has maintained upward pressure on the demand for skilled workers.
De-unionization also has an important role to play in understanding the rising
wage inequality.

This paper has found no evidence linking SBTC to rising wage inequality in
the US. These results confirm previous studies. SBTC is induced by international
trade because international trade leads to demand for more skilled labor. The
impact of SBTC on wage inequality is an indirect effect of international trade.

The increase in wage inequality implies the deterioration of the labor market,
which has become a major concern to governments. Even though empirical
results imply that trade liberalization is a major force behind the widening wage
gap between skilled and unskilled labor, the evidence and theory do suggest that
international trade is beneficial for economic growth. Increasing investment in
job training and schooling and more efficient and effective policies on subsidies
and transfers for unskilled workers can probably reduce the wage inequality
effectively.
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