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ORIGINAL ARTICLE

Trade openness and income inequality: New empirical
evidence
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1 | INTRODUCTION

How trade openness relates to income inequality has been examined in many empirical studies since the mid-1990s
(e.g., Borjas et al., 1997; Cragg & Epelbaum, 1996; Feenstra & Hanson, 1996; Jaumotte et al., 2013; Leamer, 1998;
Meschi & Vivarelli, 2009; Roser & Cuaresma, 2016; Wood, 1995). The empirical evidence is mixed. These studies use
macrodata at the country level and hardly report causal effects. We therefore investigate how trade openness influences
income inequality by employing a new identification strategy and considering heterogeneity across countries. The
sample includes up to 139 countries over the period 1970-2014.

Abbreviations: 2SLS, two-stage least squares; EMD, emerging markets and developing economies; EU, European Union; FDI, foreign direct
investment; FE, fixed effects; GDP, gross domestic product; GNI, gross national income; HO, Heckscher-Ohlin; ICT, information and
communications technology; IMF, International Monetary Fund; IV, instrumental variable; LIS, Luxembourg Income Study; OECD, Organization
for Economic Co-operation and Development; OLS, ordinary least squares; SWIID, Standardized World Income Inequality Database.
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We use an instrumental variable (IV) approach to identify the causal effect of trade openness on inequality. Our IV
is predicted openness based on a gravity equation using a time-varying interaction of geography and exogenous large-
scale natural disasters as proposed by Felbermayr and Groschl (2013). The results do not suggest that trade openness
influences income inequality in the full-country sample. There is a good reason why: The Stolper-Samuelson theorem
(Stolper & Samuelson, 1941) predicts that trade openness decreases inequality in developing countries and increases
inequality in developed countries.

We examine whether the effect of trade openness on income inequality differs across developing and developed
countries. In emerging and developing countries, our results suggest that trade openness disproportionately benefits the
very poor (not necessarily all poor), as predicted by the Stolper-Samuelson theorem. This finding is in line with previous
studies indicating that globalization, and in particular trade liberalization, reduces inequality and poverty in developing
countries (see Bergh & Nilsson, 2014; Jaumotte et al., 2013; Winters et al., 2004). In our sample of 34 advanced economies,
upper deciles disproportionately gain from trade openness at the expense of the income shares of the bottom deciles of the
income distribution. The relationship, however, is driven by outliers. Our results therefore do not confirm, as predicted by
the Stolper-Samuelson theorem, that trade openness increases inequality in developed countries.

Our results, moreover, suggest a strong effect of trade openness on inequality within transition countries. These
countries have experienced a particularly fast change towards trade openness accompanied by large-scale market-
oriented reforms and an economic transition process in our period of observation. The market-oriented reforms like-
wise promoted integration in the global market and increased income inequality. The impact on income distribution
during the transition period was hardly cushioned by either labor market institutions or welfare states, which char-
acterize many advanced economies (see Milanovic, 1999; Myant & Drahokoupil, 2010; Perugini & Pompei, 2015b).

2 | THEORETICAL PREDICTIONS AND EMPIRICAL EVIDENCE
2.1 | Theoretical predictions

The classical theoretical framework for examining the relationship between trade openness and distributional market
outcomes is the Heckscher-Ohlin (HO) model (Ohlin, 1933). It explains the inequality effect of trade openness as a
result of productivity differences and the relative factor endowment of countries, and the extent to which individuals
depend on labor or capital income. Countries specialize in production within their relatively abundant factor and export
these goods when they open up to trade. The Stolper-Samuelson theorem (Stolper & Samuelson, 1941) shows that the
subsequent trade-induced relative changes in product prices increase the real return to the factors used intensively in
the production of the factor-abundant export goods and decrease the returns to the other factors. As a consequence, the
country's abundant production factors gain from openness, while scarce factors lose. Because capital and skilled labor
are relatively abundant in advanced economies, income inequality and income concentration towards the top incomes
is expected to increase. In developing countries, unskilled labor, which is intensively used in local production, would
benefit from economic openness by increasing wages and income. In developing countries, income inequality is
therefore expected to decrease. Based on the HO model assumptions, how trade openness influences income inequality
depends on a country's development level. Following the Stolper—-Samuelson theorem, trade openness is expected to
decrease income inequality in developing countries and to increase income inequality in developed countries (with
almost leveling effects in a full sample including both groups).

Since the 1990s, several studies have pointed to limitations of the standard HO model implications and provided
mechanisms to explain why inequality patterns of country case studies do not necessarily follow the predictions of the
Stolper-Samuelson theorem. For instance, offshoring and outsourcing of less-skilled production decreases the wages
and bargaining power of less-skilled workers in advanced economies, but offshored and outsourced activities might be
relatively skill-intensive from the perspective of the workforce in developing countries (see Feenstra & Hanson, 1996,
1999). Along the same lines, scholars discuss how rising exposure of sectors to international trade competition (e.g.,
Cragg & Epelbaum, 1996; Egger & Kreickemeier, 2009; Munch & Skaksen, 2008; Sampson, 2014), import of capital
goods (e.g., Acemoglu, 2003; Feenstra & Hanson, 1997), and trade-induced technological transfers and catch-up pro-
cesses (e.g., Berman & Machin, 2000; Bloom et al., 2016; Burstein et al., 2013; Zhu & Trefler, 2005) may increase the
skill intensity and relative demand for skilled labor in the developing world. In short, these mechanisms may explain
why the skill premium of workers and thus income inequality may rise in countries of all income groups when they
opening to international trade.
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2.2 | Empirical evidence

How trade openness relates to income inequality has been examined in many empirical studies in the 1990s (e.g., Borjas
et al., 1997; Cragg & Epelbaum, 1996; Feenstra & Hanson, 1996; Leamer, 1998; Wood, 1995) and has been revisited since
the early 2000s (e.g., Jaumotte et al., 2013; Meschi & Vivarelli, 2009; Roser & Cuaresma, 2016). The empirical evidence is
mixed.!

Roser and Cuaresma (2016) use data for 32 developed countries and employ panel models over the period 1963-
2002. They show that—in line with the Stolper-Samuelson theorem—trade openness is positively related to income
inequality. Their findings suggest that imports from developing countries are positively correlated with income
inequality in the developed world. This is a result that seems to be driven by the group of liberal market economies but
lacks statistical significance for other developed countries. The results by Meschi and Vivarelli (2009) suggest, in
contrast to the HO model predictions, that trade is positively associated with income inequality in a sample of 65
developing countries. Their results are based on panel models over a rather short period from 1980 to 1999. The positive
relationship between trade and income inequality within developing (Meschi & Vivarelli, 2009) and within developed
countries (Roser & Cuaresma, 2016) corroborates that international trade gives rise to income inequality. By contrast,
Jaumotte et al. (2013) suggest that trade openness is associated with lower income inequality, a result that is based on a
small sample of 31 developing and 20 developed countries over the period 1981 to 2003. Their study does not, however,
decompose the relationship between trade and inequality within the subsamples of developing or developed countries.
These empirical studies use macrodata at the country level and hardly report causal effects.

Other studies use microdata to identify how trade openness influences local incomes across regions and workers
within individual countries. Empirical evidence on the effect with a focus on individual advanced economies is mixed
(e.g., Autor et al., 2013; Dauth et al., 2014). Reviews based on country case studies in the developing world also conclude
that the effect of trade on income inequality and poverty is context specific (e.g., Goldberg & Pavcnik, 2007; Pavc-
nik, 2017). Microdata-based case studies are useful to understand causal mechanisms but cannot predict external
validity with respect to the overall effect of trade openness on income inequality.

Another strand of related studies examines the relationship of (economic) globalization and income inequality (or
poverty) (e.g., Bergh & Nilsson, 2010; Bergh et al., 2020; Dorn & Schinke, 2018; Dorn et al., 2018; Dreher &
Gaston, 2008; Lang & Tavares, 2018; Sturm et al., 2019).2 Overall, these studies find a positive relationship between
(economic) globalization and income inequality, although the results are mixed in advanced economies. The findings,
moreover, suggest a poverty-reducing effect of (economic) globalization in developing countries (e.g., Bergh & Nils-
son, 2010; Dorn et al., 2018; Lang & Tavares, 2018). These studies, however, often do not decompose the effect of trade
from financial indicators of economic globalization, and do not allow conclusions to be inferred on the predictions of
the HO trade model.* We examine how trade openness influences inequality and provide new empirical evidence on
the HO theory predictions.’

3 | DATA

We use an unbalanced panel for up to 139 countries over the period 1970-2014. The data are averaged over 5 years in
nine periods between 1970 and 2014. We follow related literature and use 5-year averages to reduce the possibility of
outliers, measurement errors, missing observations in individual years, and short-term movements in the business cycle
influencing the inferences (see Felbermayr & Groschl, 2013).

3.1 | Variables
3.1.1 | Income inequality

We use the Gini household income inequality indices of Solt's (2016) Standardized World Income Inequality Database
(SWIID, v5.1) as the primary measure of income inequality. SWIID provides standardized Gini income inequality
measures for market and net outcomes based on the same concept, and thus allows the comparison of income
inequality before and after redistribution by taxation and transfers over time. We use both the market and net income
Gini indices.
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The high coverage across countries and time and the adjustment procedure for achieving possible comparability is
the major reason for preferring SWIID to other secondary source datasets (see Dorn, 2016, for a discussion). SWIID uses
the Luxembourg Income Study (LIS) as a baseline. To predict missing observations in the LIS series, data from other
secondary data sources and statistical offices are standardized to LIS by using systematic relationships of different Gini
types and model-based multiple imputation estimates. When estimating missing observations, Solt (2016) considers that
adjustments cannot be constant across countries and time by relying on information from proximate years in the same
country as the best solution, and on information on countries in the same region and with similar development level as
the second-best solution. There are, however, concerns over the reliability of SWIID's imputed estimates in data-poor
regions (Ferreira et al., 2015; Jenkins, 2015).

A shortcoming of Gini indices is that they do not show which parts of a country's income distribution dispropor-
tionately gain or lose and cause changes in the Gini index. We therefore also employ the released data on relative net
income shares of the Global Consumption and Income Project (GCIP) by Lahoti et al. (2016) as a measure of post tax
and transfer income inequality. In a similar vein as SWIID, they estimate standardized measures based on the available
data sources to increase comparability across countries and time, and increase the coverage of the data by using
interpolation methods for missing country-year observations.

3.1.2 | Trade openness and covariates

We measure trade openness by the sum of imports and exports as a share of GDP. Trade data are taken from the World
Development Indicators (World Bank, 2017).

We include the following control variables: real GDP per capita to control for any distributional effect due to
different income levels. Economic growth and the GDP per capita level have been shown to be positively related to
globalization and international trade (see Dreher, 2006; Dreher et al., 2008; Felbermayr & Groschl, 2013;
Feyrer, 2009; Gygli et al., 2019) and to the development of the income distribution over time (see Berg et al., 2012).
Demographic changes and shifts in the size of population are also likely to influence both international trade and the
income distribution (OECD, 2008). We therefore add the age dependency ratio and the logarithm of total population.
The dependency ratio measures the proportion of dependents per 100 of the working age population, where citizens
younger than 15 or older than 64 are defined as the dependent (typically nonproductive) part. A higher share of
dependent citizens is usually associated with higher income inequality and higher redistribution activities within
countries. Shifts in the size of the population affect the dependency ratio as well as a country's labor and skill
endowment. Trade openness is likely to be correlated with other indicators of globalization such as FDIs, migration,
or political globalization. Other globalization indicators might also influence inequality within countries (Bergh &
Nilsson, 2010; Borjas et al., 1997; Dorn et al., 2018; Jaumotte et al., 2013; Lang & Tavares, 2018; Sturm et al., 2019).
We therefore use the KOF globalization subindices for political and social globalization as well as an index for FDIs
as controls in our baseline models (Dreher, 2006, update KOF 2016). Our instrument predicted openness is con-
structed by using a gravity model including exogenous large-scale natural disasters in other countries. Natural di-
sasters themselves are shown to influence trade openness and the per capita income level of countries (see
Felbermayr & Groschl, 2013, 2014). Some natural disasters are registered across borders. Natural disasters registered
in the home country might have a direct impact on the home country's income distribution (see Keerthiratne &
Tol, 2018). To make sure that our estimated relationship between trade and inequality is not driven by the corre-
lation between disasters registered in the home country and income inequality, we directly control for the effect of
large-scale natural disasters on the income distribution within countries. We included the one-period lagged large-
scale natural disasters as a baseline control variable. Table A1 (Appendix I) describes summary statistics and data
sources of all variables.

3.2 | Country subsamples

3.2.1 | Full and benchmark samples

Next to our full sample of 139 countries, we also use a sample for high- and upper middle-income countries as
our benchmark sample. High- and upper middle-income countries are classified by the criterion of the World
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Bank as of 2015 and include 82 countries having a gross national income (GNI) per capita of USD 4126 or more.
The 57 countries in our dataset below the GNI per capita threshold of USD 4126 are classified as low-income
and lower middle-income countries (lower income countries). Lower income countries are more likely than
high- and middle-income countries to have few period observations per country due to a lack of data availability.
Data in lower income countries are, moreover, more likely to be subject to measurement errors. There are serious
concerns about the quality of the income inequality data from less developed countries. Jenkins (2015), for
example, shows that source data on inequality of high quality, in which the income concept and the survey can
be verified, are rare in less developed and in particular in sub-Saharan African countries. The lack of data quality
is also reflected in the imputed Gini estimates in SWIID, as the imputation variability of imputed country-period
observations is large in some countries, especially in lower income countries (Ferreira et al., 2015; Jenkins, 2015).
To address potential biases in the estimates because of data quality, our benchmark sample excludes the 57 lower
income countries that are in the full sample. Twenty-nine of the 57 excluded countries are sub-Saharan African
countries.

3.2.2 | Development levels

We use subsamples for the most advanced economies and emerging markets & developing economies (EMD).® To
distinguish between advanced economies and emerging markets and developing economies we apply the classification
of the International Monetary Fund (IMF, 2016). This classification is based on per capita income levels. However, it
also considers export diversification and the degree of integration into the global financial system to classify advanced
economies.” The 34 countries fulfilling the criterion of the advanced economies sample are also included in our
benchmark sample (high- and upper middle-income countries). The subsample of emerging markets and developing
economies includes 105 countries taken from both income groups, the full set of lower income countries and the
countries of the benchmark sample, which are not classified as advanced economies.

3.2.3 | Transition economies

Transition economies are another important country sample when examining the trade openness-inequality nexus.
Transition economies have experienced a large shift in trade openness since the fall of the Iron Curtain. The
globalization shock for transition countries was, however, hardly cushioned by either labor market institutions,
education systems, or welfare states, which characterize many advanced economies in the rest of the world. The
transition countries had limited capabilities in the education system and higher labor market frictions at the
beginning of their transition. The education and social systems rather deteriorated in the transition period (e.g.,
Campos & Coricelli, 2002). The transition to an open and competitive market economy, FDI-induced new tech-
nologies and equipment, and the overall skill-biased technological shift in the 1990s suddenly required other skills
than the working age population and the education systems were prepared for (see Aghion & Commander, 1999).
During the simultaneous period, transition countries also experienced many structural and institutional changes in
political institutions and their economy, such as privatizations of state-owned enterprises, deindustrialization, price
liberalizations, financial development, labor and product market deregulation, new models of corporate governance,
or shrinking and reforming of the public sector during their transformation from centrally planned to market-based
economies (Flemming & Micklewright, 2000; Ivanova, 2007; Milanovic, 1999; Myant & Drahokoupil, 2010; Peru-
gini & Pompei, 2015b; Roland, 2000). One of the most visible outcomes of the systematic change and complex
interplay of several forces is a remarkable increase in income inequality (see Campos & Coricelli, 2002; Iva-
nova, 2007; Perugini & Pompei, 2015a). The market-oriented reforms, moreover, promoted the inflow of FDI and the
countries’ integration in the global market. The transition toward market economies might therefore be an omitted
driver of trade openness and inequality in transition countries. The systemic change and restructuring of the
economy and governance has likely influenced the speed of globalization and the rise of income inequality (Aristei &
Perugini, 2014; Milanovic, 1999; Milanovic & Ersado, 2011).

We use a sample of the (new) European Union member states from Central and Eastern Europe (East EU) and
China. These countries have already been shown to contribute to a large extent to changes in the global income dis-
tribution since the fall of the Berlin Wall (see Lakner & Milanovic, 2016).
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4 | DESCRIPTIVE STATISTICS
4.1 | Trade openness and income inequality across countries

We examine the correlation between trade openness and income inequality across countries in the most recent 5-year
period of observation, 2010-2014: Income inequality before taxes and transfers is hardly correlated with trade openness
(see Figure 1). The coefficient of correlation is .01.

The Gini index after tax and transfers is on average 9.8 index points lower than the Gini index value before
redistribution in the period 2010-2014. Net income inequality in open countries is, however, lower than in less open
countries. The correlation coefficient between trade openness and the Gini net index is —.17, indicating that more
developed and open countries have larger welfare states. EU member states and other advanced economies are among
the most open countries and have the world's lowest levels of income inequality after redistribution.

4.2 | Trends across samples and countries

Trade openness and income inequality both increased quite rapidly between the late 1980s and the late 1990s; that is the
first decade after the fall of the Berlin Wall in 1989 (Figure 2). There was a further increase in trade openness around the
world in the 2000s. The pre tax/transfer and post tax/transfer Gini indices, however, decreased from the early 2000s in
EMD economies. In advanced economies, the Gini net index has been around 31 since 2000, while market income
inequality has increased in the same period of time. The differing trends in the mean values of the Gini indices before and
after taxation and transfers indicate a rise of redistribution in the sample of advanced economies since the early 2000s.
Before taxation and transfers, income inequality is at a similar level in advanced and EMD economies. After taxation and
transfers, inequality is much lower in advanced economies than in the emerging and developing world.®

In Figure 3, we focus on changes in income inequality and trade openness in individual countries of our benchmark
sample between the periods 1990-1994 and 2005-2009 (based on 69 countries from the benchmark sample having
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observations in both periods 1990-1994 and 2005-2009). The unconditional correlation between the changes in
trade openness and the market and net income inequality is positive. The coefficients of correlation are .025 and
.023. There are, however, two groups of countries that are the key drivers of the linear relationship between the
late 1980s and late 2000s: First, Hong Kong, Luxembourg, and Singapore are outliers regarding trade openness.
Second, the transition countries in Eastern Europe and China experienced a huge opening process (globalization
shift) and a huge rise in income inequality during that time.” The other countries from the benchmark sample
also enjoyed rapidly increasing trade openness but experienced less pronounced increases in income inequality
than Eastern European countries and China. When we exclude the outliers Hong Kong, Luxembourg, and
Singapore, the unconditional correlation between the change in trade openness and income inequality is almost
zero (the coefficients are .004 and .008). After excluding outliers and transition countries, the unconditional
correlation between the change in trade openness and income inequality is negative instead. The coefficients of
correlation are —.003 and —.013 when we exclude transition countries and outliers from the benchmark sample.
Within the sample of advanced economies, the changes in trade openness and income inequality outcomes are
hardly correlated between the periods 1990-1994 and 2005-2009. The coefficients of correlation are .027 and .024.
After excluding transition countries and outliers, the relationship between trade and the Gini inequality indices
turns out to be negative. The coefficients of correlation are —.072 and —.078 in the remainder sample of advanced
economies.

5 | EMPIRICAL STRATEGY
5.1 | OLS panel fixed effects model

We estimate the baseline panel model by ordinary least squares (OLS), where countries are described by i and 5-year
periods by T:

Yi: =B X TRADE; . + @’ X Xiz + Ui+ 0 +€ig (1)

Y, . describes the measure of income inequality (Gini index, or relative income share by decile) of country i in period
7. The explanatory variable TRADE; ; describes the trade openness of country i in period 7. The vector y;. includes
control variables as described in Section 3.1, v; describes the country fixed effects, v, describes the fixed period effects,
and ¢;; is the error term. All variables are included as averages in each of the nine periods (¢ = 1,...,9).

By estimating OLS in a fixed effects (FE) model, we exploit the within-country variation over time, eliminating any
observable and unobservable country-specific time-invariant effects. We also include fixed time effects to control for
other confounding factors (e.g., period-specific shocks) that influence multiple countries simultaneously. We use
standard errors robust to heteroscedasticity clustered at the country level.

5.2 | 2SLS panel IV model
5.2.1 | Endogeneity problem and IV approach

There are two reasons for potential endogeneity of trade openness in our model: omitted variable bias and reverse
causality.

We included many control variables, but other unobserved omitted variables may give rise to biased estimates. The
omitted variable bias indicates that there is still a third (or more) variable(s), which influence(s) both trade openness and
income inequality. For example, increasing mobility may induce countries to reduce (capital) taxes and cut welfare
benefits, which, in turn, will influence disposable income and probably also employment. If competition from countries
with cheap labor induces companies in high-income countries to specialize in the production of high-tech goods and
services, which requires highly skilled labor, this will have an impact on the skill premium. It is difficult to disentangle
these effects from the “direct” influence of trade openness on income inequality, that is the influence of trade openness,
given other factors.
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Second, reverse causality may occur because changes in income inequality are likely to influence policies that
affect trade openness. The debate on the Transatlantic Trade and Investment Partnership (TTIP), for instance, is
also influenced by the perception that gains from trade may be distributed rather unevenly. Shifts in the income
distribution within a country may also have direct effects on the trade openness level of the country, for
example, if more people are able to travel, to buy more expensive import goods or to make international in-
vestments and savings.

To deal with the endogeneity problem of trade openness, we use predicted openness based on a gravity equation as
an IV. Frankel and Romer (1999) apply predicted openness in a cross-sectional approach. We want to exploit exogenous
time variation in predicted openness using the IV in a panel model and controlling for unobserved country effects
(see Felbermayr & Groschl, 2013; Feyrer, 2009). We employ the exogenous component of variations in openness
predicted by geography and time-varying natural disasters in foreign countries, as proposed by Felbermayr and
Groschl (2013) for a panel data model, as an IV for trade openness. The incidence of natural disasters such as earth-
quakes, hurricanes or volcanic eruptions in one country influences the openness of its trading partners, depending on
the two countries’ geographic proximity.'” An earthquake hitting Mexico, for example, will increase international trade
of other countries with Mexico. The rise in a country's trade openness level will be larger, the closer a country is located
to Mexico.

5.2.2 | Instrument construction

The predicted openness is constructed in two steps: First, exogeneous natural disasters are included in a gravity model
to predict bilateral trade openness. Bilateral openness cT)i’ describes trade flows between country i and country j in year ¢
and is predicted by a reduced gravity model using a Poisson Pseudo Maximum Likelihood (PPML) estimation to ac-
count for zero trade flows and standard errors clustered by country pairs.

Bilateral openness cAu;] is regressed on variables exogenous to income inequality such as largescale natural disasters
in foreign countries j, interactions of the incidence of natural disasters in foreign countries j and bilateral geographic
variables, or population:

@ = expl6 x D]+ x ZW + 2’ x (® x D) + v + v/ 4+ v + €] (2)

where Zi‘j = [lnPOPi; lnPOP’;; InDIST"; BORY] includes exogenous controls such as population (POP) in countries i and
jin year ¢, and the bilateral geographic variables distance DIST, and a common border dummy BOR, based on Frankel

and Romer (1999). D’t denotes exogenous large-scale natural disasters in country j, while CI)i’j = [InFINDI STJ;; InAREA’,

lnPOP];; BOR"] describes the exogenous variables interacting with D}, such as the international financial remoteness
FINDIST, the surface area AREA, or population POP of country j.'* Country and time fixed effects are captured by v, v/,

v, while ei‘i accounts for the idiosyncratic error. The bilateral openness Equation (2) is designed to maximize condi-
tional correlation between observed trade openness and the constructed instrument (see relevance of the instrument
below).

We follow the approach preferred by Felbermayr and Groschl (2013) and use exogenous “large” scale natural di-
sasters (as D{) to make sure that a disaster is of a sufficiently large dimension and caused not by local determinants or
the development level of the country but rather by exogenous global phenomena. This classification of natural disasters
includes “large” earthquakes, droughts, storms, storm floods, and volcanic eruptions that (a) caused 1000 or more
deaths; or (b) injured 1000 or more people; or (c) affected 100,000 or more people. In our robustness checks, we use
alternative definitions of disasters to construct the instrument, such as a broader specification of disasters that includes
all kinds of natural disasters or counting all sizes of disasters (see Section 6.4). The data on natural disasters is taken
from the Emergency Events database (EM-DAT).

In the second step of constructing the IV, Felbermayr and Groschl (2013) use an exogenous proxy for multilateral
openness ;; by aggregating the obtained predicted bilateral openness values cAoi’ of country i over all bilateral country
pairs and years t:

Qi,t = Zaij (3)

i#j
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Based on our underlying data, we obtain values for all years from 1966 to 2008. Averaging over nine periods 7 and
using one-period lags of predicted openness Q;._;, we obtain our instrument for TRADE; ; in Equation (1).

5.2.3 | Relevance of the instrument

The relevance of the IV predicted openness Q,; ._; depends on its conditional correlation with trade openness TRADE; ..
The first stage regression has the following form:

TRADE;; =a x Qiz 1 +¢ X xi, +V + v+ ¢ (4)

The model is estimated by applying the FE estimator, controlling for any time-invariant country characteristics, and
using robust standard errors clustered at the country level. The first stage also includes all control variables y;, as in
Equation (1) and period dummies to control for common period effects.

The first stage regression results show that the IV is relevant (see Appendix I, Table A2). Our predicted openness
variable correlates positively with trade openness (TRADE). The relationship is statistically significant at the 1% level in
the full sample, the benchmark sample and in the sample of advanced economies. In the sample of developing
economies, the statistical significance is at the 10% level. The Cragg-Donald Wald F-statistics on the excluded instru-
ment are well above the 10% critical value (F > 16.38) of the weak instrument test by Stock and Yogo (2005). The partial
R? of lagged predicted openness ranges between 2.4% in the sample of developing economies and 23.3% in the sample of
advanced economies.

5.2.4 | Exclusion restriction

Income inequality does not influence predicted openness because the instrument is constructed from exogenous
components, such as large-scale natural disasters and bilateral geographic components. We do not believe that pre-
dicted openness influences income inequality directly or through other explanatory variables that we did not include in
our model. Predicted openness is an arguably excludable instrument. Foreign natural disasters are expected to have no
effect on income inequality other than through the extent of trade openness or other indicators of globalization, for
example, international transactions and migration. We control for other globalization indicators such as FDIs and social
and political globalization in our regression models. Migration is included in the social globalization index and we
control for migration as an individual variable in our robustness tests.'?

Large-scale natural disasters may give rise to changes in the income distribution. Felbermayr and Gréschl (2013,
2014) have shown, for example, that natural disasters influence overall per capita income. Some natural disasters
are registered across borders. Natural disasters registered in the home country might have a direct impact on the
home country's income distribution (see Keerthiratne & Tol, 2018). To mitigate any potential omitted variable bias
because of cross-border natural disasters, we directly control for the effect of large-scale natural disasters in the
home country.

6 | RESULTS
6.1 | Baseline results

We examine the average effect of trade openness on Gini income inequality in our full and benchmark sample.
Our results in Table 1 do not suggest a statistically significant relationship between trade openness and income
inequality in the full sample and benchmark sample—estimating the models by OLS (columns 1-4) and 2SLS
(columns 5-8) notwithstanding. The baseline specifications do not confirm that trade openness influences
inequality within countries when we use large country samples—in line with predictions of the Stolper-Samuelson
theorem.
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The baseline results in Table 1 also show the coefficient estimates of the control variables. FDIs and large-scale
natural disasters increase income inequality both before and after redistribution. The Gini market index increases
when the share of dependents increases. Population and inequality are negatively correlated before tax and transfers.

Table 2 shows the baseline 2SLS results when we use the relative net income shares (by deciles) as the dependent
variables. The results in Table 2 corroborate our baseline results when using the Gini index as the dependent variable in
the full sample (panel a), indicating that the relationship between trade openness and income inequality lacks statistical
significance. The relationship between trade openness and relative income shares in the benchmark sample is more
pronounced (panel b). The coefficient estimate of trade openness is negative when the relative income shares of the
lower income deciles 1 to 7 are used as the dependent variables and positive when the relative income shares of the
three highest income share deciles are used as the dependent variables. But the coefficient estimates are rather small.
The effect of trade openness, however, is only statistically significant for the upper middle class in the 9th decile
(column 9 of Table 2). The coefficient is significant at the 5% level and indicates that the income share of decile (9)
increased by 0.12 percentage points when trade openness increased by 10 percentage points.

6.2 | The role of development levels

The effect of trade openness on income inequality is expected to differ depending on the development level of countries.
The Stolper-Samuelson theorem (Stolper & Samuelson, 1941) predicts that trade openness increases inequality in
developed countries and decreases inequality in developing countries. We examine two subsamples depending on the
development level of countries: the sample of 34 advanced economies and the sample of 102 emerging markets and
developing economies (see Table 2, panel ¢ and d). The instrument is relevant within both subsamples. The Cragg-
Donald Wald F-statistic is above the 10% and 15% critical values.

We examine how trade openness influences Gini inequality. 2SLS results in Table 2 do not show that trade openness
influences income inequality when we use Gini market and Gini net indices as the dependent variables (columns 11
and 12), neither within the most advanced economies (panel c¢) nor within the sample of emerging and developing
economies (panel d).

We also examine how trade openness influences the relative net income shares in Table 2 (columns 1-10). Within
the advanced economies, the results suggest that trade openness increased income inequality. Table 2 shows that trade
openness decreased the relative net income shares of the lowest income deciles and increased the relative net income
shares of the upper middle-class income deciles (panel c). The effect is negative and significant for the two lowest
income deciles (panel c, columns 1 and 2) and positive and statistically significant for the 9th decile (panel c, column 9).
The coefficient, however, indicates a rather small effect. The income share of the upper middle class (decile 9) increased
by 0.09 percentage points when trade openness increased by 10 percentage points. Within the emerging and developing
world, our results suggest that trade openness tends to decrease income inequality. Trade openness tends to decrease
income shares of the upper deciles and to increase income shares of the poor and middle class within the emerging and
developing economies. Trade openness, however, also lacks statistical significance in almost all specifications in Ta-
ble 2, panel (d). The exception is the coefficient estimate in panel (d), column (1), suggesting a rather positive effect of
trade openness on the relative income share of the poorest in the income distribution of emerging and developing
countries. The coefficient indicates that the bottom 10% income share (decile 1) increased by 0.3 percentage points
when trade openness increased by 10 percentage points.

Our 2SLS results based on relative income shares as the dependent variable are again in line with predictions of the
Stolper-Samuelson theorem. Within developing economies, our findings suggest that the poorest people dispropor-
tionately gain from trade openness at the expense of the relative income shares of higher income deciles. Within
advanced economies, our findings suggest that the upper middle class disproportionately gain from trade openness at
the expense of the relative income shares of bottom deciles.

The findings suggest that trade openness influences income inequality, both within our benchmark country sample
and within advanced economies. The benchmark sample includes the advanced economies sample and the 48 emerging
economies having a per capita income level above a minimum threshold (not including developing countries having a
GNI per capita below USD 4126, as of 2015). As coefficient estimates of trade openness in the benchmark sample are
larger than in the sample of advanced economies, and 41.5% of countries in the benchmark sample are advanced
economies, other countries within the benchmark sample might be the main drivers of the significant positive effect of
trade openness on income inequality.
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6.3 | Outliers and transition countries

The unconditional relationship between the change in trade openness and income inequality seems to be driven by
outliers in trade openness and by Central and Eastern European transition countries (East EU) and China (see Sec-
tion 4). We therefore examine the effect of trade openness on income inequality when we exclude outliers and tran-
sition countries. The results are shown in Table 3.

First, we exclude Singapore as an outlier in trade openness from the sample of advanced economies (Table 3, panel
a) and the benchmark sample of high- and upper middle-income countries (Table 3, panel b). The results in Table 3
show that all coefficient estimates lack statistical significance after excluding Singapore, both in the advanced econ-
omies and in the benchmark sample. Within the remaining 33 advanced economies, the coefficient estimates for trade
openness are positive for the effect on the bottom 70% income share (panel a, columns 1-7) and negative for the effect
on income shares of the upper 30% (panel a, columns 8-10) after excluding the nine observations for Singapore. Within
the remaining benchmark sample of 80 countries, the coefficient estimates for trade openness are positive for the
bottom 20% and top 20% income shares (panel b, columns 1 and 2 and 9 and 10) and negative for the deciles in the
middle class (panel b, columns 3-8) after excluding observations for Singapore. These findings, however, do not support
the prediction by the Stolper-Samuelson theorem that trade liberalization increases inequality in developed countries.

Second, we exclude China and the East EU transition countries from the benchmark sample of high- and upper
middle-income countries (Table 3, panel c). The coefficients of the trade openness variables become smaller and do not
turn out to be statistically significant when we exclude China and the East EU transition countries. After excluding
China and transition economies, the coefficient estimate of trade openness on the income share of the 9th decile in
column (9) is .008 and lacks statistical significance—it is .012 at the 5% significance level when China and transition
economies are included (Table 2, panel b). In a similar vein, the coefficient of trade openness for the effect on the top
10% income share is .003 for the remainder benchmark sample (column 10). It is .028 when China and transition
economies are included (Table 2, panel b). This effect suggests that trade openness especially increased relative income
shares of very rich citizens in China and Eastern European transition economies. After excluding China and transition
economies, the coefficients even turn negative when we use Gini indices as dependent variables (columns 11 and 12).

The results suggest that China and the Eastern European countries drive the effect of trade openness on income
inequality. We therefore include an interaction effect of trade openness and the sample of China and transition
economies in Table 3, panel (d). The trade openness variable lacks statistical significance in any specification (columns
1-12). Trade openness, however, has a positive effect on Gini income inequality in transition countries (columns 11 and
12). The interaction effect is statistically significant at the 5% and 10% levels and suggests that Gini inequality in
transition economies increases by an additional 1.4 index points (Gini market) and 1.1 points (Gini net) when trade
openness increases by 10 percentage points. The negative interaction effect of trade openness on the income shares of
the bottom 10% of transition countries is also statistically significant (Table 3, panel d, column 1)."?

After excluding transition countries from the benchmark sample, we do not find an overall inequality-increasing
effect of trade openness in a large sample of advanced and emerging economies—which is in line with HO model
predictions (Stolper-Samuelson theorem).

6.4 | Robustness checks

We tested the sensitivity of our baseline results in many ways. First, we follow related studies and use the ICT capital
stock as a proxy to control for technological change (Jaumotte et al., 2013). While the ICT capital stock is positively
related to changes in the Gini inequality outcomes in all OLS and 2SLS models, inferences about the relationship
between trade openness and income inequality do not change (Appendix II, Table A4). ICT capital stock is only sta-
tistically significant in the full sample when we use Gini inequality after tax and transfers as the dependent variable.

Second, we followed related literature and used periods with 5-year averages in our baseline models. We tested the
robustness of the results by including a larger frequency with shorter time periods of 3-year averages (Appendix II,
Tables A5 and A6). Inferences do not change. Our results show that trade openness increased the income share of the
9th decile within the benchmark sample and the 8th and 9th decile within advanced economies. Within advanced
economies, the negative effect on the poor is significant for the bottom 30% of the income distribution. Within emerging
and developing economies, the trade openness variable lacks statistical significance in any specification. The coefficient
for the bottom 10% is statistically significant when we use 5-year averaged periods. The ¢-statistic of the coefficient
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estimate is 1.55 when we use 3-year averaged periods (Appendix II, Table A6, panel d). The estimates in the sample of
emerging and developing economies suffer from a weak ID when we use 3-year averaged periods. The Cragg-Donald
Wald F-statistic is 10.88 and below the 10% critical value identified by Stock and Yogo (2005). The p-value on the
excluded instrument is above .1. Using 5-year averaged periods is therefore preferred over 3-year averaged periods to
obtain valid IV results for the sample of emerging and developing economies.

Third, the descriptive statistics in Section 4 suggest that there are trends over time. We therefore used the trend
rather than the period fixed effects in a robustness test (Appendix II, Tables A7 and A8). Inferences of our results on the
trade-inequality nexus do not change.

Fourth, inequality measures might be persistent across periods. We therefore included lagged dependent variables to
allow for dynamics that give rise to serial correlation. Our main results, however, do not change. In the benchmark
sample, the trade openness coefficient turns out to have a positive and significant effect on Gini inequality after
redistribution. The pro poor effect in developing economies and the pro upper middle class effect in advanced econ-
omies are more pronounced when we include lagged dependent variables. The effects in the benchmark sample and
sample of advanced economies are again driven by outliers and transition countries.

Fifth, the relationship between trade openness and income inequality might be non-monotonic, where inequality
first rises and later declines when trade openness increases (Helpman et al., 2010, 2017). This would follow Kuznet's
(1955) hypothesis predicting a non-monotonic relationship where income inequality first increases and later decreases
when the overall income level of a country increases. We examine whether the effect of trade openness on inequality
changes at different levels of the trade openness process. We include trade openness in levels and squared trade
openness in our baseline model."* We do not find evidence for a non-monotonic relationship (Appendix II, Figures Al
and A2 for marginal trade openness effects on Gini indices depending on the level of trade openness).

Sixth, we used alternative definitions of natural disasters by constructing the instrument predicted openness in the
panel model, such as broader specifications that include all kinds of natural disasters or counting all sizes of disasters
(small and large), as suggested by Felbermayr and Groschl (2013). Using the alternative instruments, inferences do not
change (Appendix II, Table A9).

7 | CONCLUSION

We examined how trade openness influences income inequality using predicted openness as an IV for trade openness.
The baseline results do not show that trade openness influences income inequality in the full-country sample. The effect
of trade openness on income inequality differs across countries. In particular, our results using relative income shares as
the dependent variable are in line with predictions of the Stolper-Samuelson theorem: Trade openness tends to
disproportionately benefit relative income shares of the very poor (not necessarily all poor) in the sample of emerging
and developing economies. In advanced economies, trade openness increased income inequality, an effect that is,
however, driven by outliers. We therefore cannot confirm, as predicted by the Stolper-Samuelson theorem, that trade
liberalization gives rise to income inequality in developed countries. The positive effect of trade openness on income
inequality in our benchmark country sample is driven by China and transition countries from Central and Eastern
Europe.

Why is there a positive relationship between trade openness and inequality in the transition countries including
China and the countries of Central and Eastern Europe but hardly so in the group of advanced economies?

The transition countries from Eastern Europe and China have experienced a rapid process of trade openness, while
the welfare states and labor market institutions in these countries were less developed than in many advanced countries
in the rest of the world—in particular in Western Europe. Chinese reform programs were, for example, concentrated on
economic growth that has not been moderated by large public education and redistribution programs. Participation in
China’s rise to a global economic power, therefore, is unequally distributed within the country (see Ravallion &
Chen, 2007). Transition countries from Central and Eastern Europe have also experienced systematic structural and
institutional changes towards market economies, which might be the drivers of rising trade openness levels and
inequality outcomes in our results.

In the most advanced economies, established progressive tax and transfer systems, stable political and democratic
institutions, and widely accessible opportunities for education may have moderated adverse effects of trade openness on
income inequality. Our descriptive statistics suggest that redistribution programs in EU15 countries reduce income
inequality to a much larger extent than equivalent tax/transfer programs in many other advanced economies. The
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United States, for example, is widely seen as the country that has experienced the most pronounced increase in income
inequality, partly because competition from emerging economies such as China has destroyed jobs for medium and low-
skilled labor (see Autor et al., 2013). Future research should examine in more detail how institutions influence income
inequality when countries are active in trading goods and services.
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ENDNOTES

! Winters et al. (2004) review eatly empirical studies of the trade-inequality nexus and conclude that “there can be no simple general
conclusion about the relationship between trade liberalization and poverty” (p. 106).

% Some of these studies also use clever new identification strategies. For example, Lang and Tavares (2018) use instrumental variables based
on the geographical distribution of globalization.

* Consequences of globalization are surveyed by Potrafke (2015).

* There is no encompassing theory describing how overall (economic) globalization influences income inequality. Scholars often use trade-
based theories to describe how overall (economic) globalization influences income inequality.

> The same issue examined here was suggested, independently, by Siddique (2021).
¢ See Appendix I for the list of countries by development levels.

7 Several oil exporters that have high per capita GDP but almost no export diversification, for example, would not make the IMF classi-
fication for advanced economies.

8 In the EU15, post tax/transfer inequality is lower than in other advanced regions such as the western offshores. The trends in inequality
reflect the fact that countries of the western offshores such as the United States do have more market-oriented economic systems and less
generous welfare states than their Scandinavian and continental European counterparts (see Doerrenberg & Peichl, 2014; Dorn &
Schinke, 2018; Fuest et al., 2010). Empirical research has shown how inequality dynamics differ among advanced economies during the
last wave of globalization, with larger increases in income inequality in Anglo-Saxon countries such as the United States and less pro-
nounced trends in Continental Europe (see Atkinson & Piketty, 2007; Dorn, 2016; Dorn & Schinke, 2018; Roser & Cuaresma, 2016).

° Post-communist countries from Central and Eastern Europe (East EU) and the former Soviet Union (FSU) had relatively low levels of
trade openness and income inequality before 1990. During their first stage of transition from centrally planned to market-based economies
in the 1990s, both groups experienced a large rise in trade openness and income inequality (see Dorn et al., 2018). While trade openness
increased in both groups during the 2000s, inequality increased in new EU member countries from Central and Eastern Europe but
decreased in the other countries of the former Soviet Union such as the Russian Federation (see Aristei & Perugini, 2014; Gorodnichenko
et al., 2010).

19 For example, the effect of an earthquake in Mexico will be stronger for trade flows of Honduras or the United States than those of India.

' As large-scale natural disasters may hit both bordering countries, the interaction of disasters and the common border dummy is included.
Interactions of the disaster variable with surface area and population in country j consider the fact that economic and population density
matters for the aggregate damage caused by large-scale natural disasters.

2 One may argue that the exclusion restriction is not fulfilled because natural disasters that occur in the trading partner countries (which
are often direct geographical neighbors) give rise to migration. For example, when a natural disaster occurs in Mexico, especially poor
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Mexican citizens are likely to leave Mexico and migrate to a neighboring country such as Honduras. If this is true, the natural disaster that
hit Mexico (and gave rise to the exogenous variation in our instrumental variable predicted openness) influenced trade openness and
income inequality in Honduras. Empirical studies show, however, that natural disasters hardly give rise to international migration in the
medium and long term (see Groschl & Steinwachs, 2017).

13 We also examined the effect of trade openness on inequality within the sample of emerging and developing economies when we exclude
transition countries (Table A3).

4 The models are estimated by OLS. We also estimated the 2SLS and instrumented the squared trade openness by the squared instrument,
but the instruments turn out to be weak. We therefore elaborate on the OLS estimates.
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