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In this article, we decompose the joint and individual contributions of tariff reductions,
productivity changes and capital deepening to account for the skill premium patterns of the
transition economies that joined the European Union (EU) in 2004. To conduct our
accounting analysis, we construct an applied general equilibrium model with skilled and
unskilled labor, and combining Social Accounting Matrices, Household Budget Surveys and
the EU KLEMS Growth and Productivity Accounts database, we calibrate it to match
Hungarian data, a transition economy where the skill premium consistently increased between
1995 and 2005. We find that capital deepening coupled with capital-skill complementarity is
the main force behind the rise in the skill premium.
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1. Introduction

What drives the increasing patterns of the skill premium? This is a topic of extensive and at
times contentious debate in the economics literature with no definitive consensus. While a variety
of explanations have been laid out, two factors have been identified as the major forces leading to
rising skill premia: increased trade volumes and technological change that is biased against
unskilled workers. The main proponents of the first hypothesis are Feenstra and Hanson (1996,
1999) and Wood (1995, 1998). There is further disagreement within the second strand of the litera-
ture since one line of thought argues that the factor bias of technical change can account for the
observed changes in the skill premium (see e.g., Krugman 2000; Acemoglu 2002), while another
points to the sector bias of technical change as the culprit (see Kahn and Lim 1998; Haskel and
Slaughter 2002 for details). Finally, Krusell et al. (2000) provide an explanation for the increasing
pattern of the skill premium in the United States due to capital-skill complementarities, a result
further validated by Polgreen and Silos (2008).

Of course, all of these explanations are not necessarily mutually exclusive as different forces
could potentially affect the skill premium simultaneously. A pertinent example of this is the case of
the so-called transition economies of Central and Eastern Europe that joined the European Union
(EU) in the 2004 and 2007 enlargement rounds. En route to their accession into the EU, most of
these countries initially signed free trade agreements among themselves (the Central European
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Free Trade Agreement or CEFTA) and with the “old” EU members (included in the European
Union Association Agreement, or EUAA). Thus, by reducing or eliminating their import tariffs,
they allowed for freer transactions of goods and services with their major trade partners. More-
over, as these countries transitioned from centrally planned to market-oriented systems, they expe-
rienced rapid increases in productivity across sectors. In addition, while at the onset of their
transition these countries were significantly poorer than their Western counterparts in terms of
their levels of capital stock, they accumulated sizable amounts of capital over the years, either
through domestic investment or borrowing from abroad. Finally, the citizens of the Central and
Eastern European nations became eligible to work in Ireland, the United Kingdom, and Sweden
starting from the year after the countries� accession to the EU. Thus, migration of workers from
the relatively poor “new” EU members to the more affluent “old” members could have also played
a role in affecting the skill premium.

To the best of our knowledge, no article in the literature has conducted a decompositional
analysis of the main drivers of skill premium patterns for the transition economies. These econo-
mies present an interesting case since prior to the transition wages were determined in a rigid cen-
trally planned mechanism, whereas currently they respond to labor market forces.

With this article, we aim to contribute to the literature by disentangling the multiple fac-
tors that affected the patterns of the skill premium as the transition countries restructured
their economies and ultimately joined the EU. While a number of articles has been written on
the subject (see Crin�o 2005; Esposito and Stehrer 2009; and Parteka 2012, among others),
most of those studies have focused on the role of one single contributing factor at a time and
have concentrated on the manufacturing sector, thus neglecting approximately two thirds of
economic activity. Moreover, the vast majority of these studies are conducted using reduced-
form regressions. But as Abrego and Whalley (2000) point out, “structural models are needed
to make a meaningful decomposition of an observed relative wage change into a portion due
to trade and a portion due to technological change.” They continue to argue that “because
the model parameters consistent with given reduced-form data are not unique, different
parameterizations can generate different decomposition results between trade and technologi-
cal change as sources of an observed change in inequality.” Cho and D�ıaz (2013) is an exam-
ple of an economy-wide study that uses a structural model, but instead of conducting a
decompositional analysis their focus is on the role of trade integration on the Slovenian skill
premium through the Hecksher–Ohlin (H–O) mechanism.

In light of these remarks, we use an applied general equilibrium modeling approach which
allows us to conduct a decompositional analysis that compares the relative importance of the vari-
ous competing theories of the skill premium. Using a general equilibrium model, we can clearly
assess the impact of a particular shock in the economy under study. Our modeling choice also
allows us to evaluate the effect of specific shocks on the whole economy, not just the manufactur-
ing sector. To conduct our quantitative analysis, we focus on the evolution of the skill premium
patterns for the case of Hungary, one of the leading reformers among the transition economies.
Our choice of Hungary is motivated by three main facts. First, for the 1995–2005 period, the skill
premium in Hungary registered the largest increase among new EU members for which data are
available.1 Second, during the same period we observe that the skill premium in Hungary exhibits
a strong, positive correlation with trade volumes, total factor productivities, and the stock of

1 The skill premium in Hungary is also higher in absolute terms than in other transition countries for which comparable
data are available.
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capital. Third, as far as we know, Hungary is the only transition economy for which the necessary
data to conduct all of our numerical experiments are readily available.

The applied general equilibrium model that we construct displays a sectoral disaggregation
that is relevant to our analysis. It also includes skilled and unskilled consumers/workers, so that
we can track the effects of different shocks on their wages, and consequently the skill premium.
Finally, our model incorporates complementarity between capital and skilled labor in the produc-
tion process.

For the quantitative analysis, we use a variety of data sources, including Social Accounting
Matrices (SAM), Household Budget Surveys (HBS), and the EU KLEMS database and calibrate
the parameters of our model to match the start dates of the two periods identified previously: 1995
and 2000. Once calibrated, we subject the model economy to a variety of shocks: a “tariff reduc-
tion” shock, where we model the different tariff reductions implemented by Hungary (initially, the
free trade agreements with the EU and afterwards, as an EU member, the customs union arrange-
ment with the rest of the world); a “productivity” shock, where we replicate the changes in sectoral
and skill-biased productivities observed in the data; and a “capital deepening” shock, where we let
the capital stock in Hungary grow at the rates observed in the data.2 After implementing each
shock, we compute the new corresponding equilibrium and assess the role of each particular
hypothesis, as well as the effect of all shocks implemented jointly.

We understand that these shocks are not necessarily disconnected from each other. For
instance, trade liberalization can generate biased technical changes through endogenous techno-
logical adoption in line with comparative advantages. Similarly, this process can also accelerate
capital accumulation through foreign direct investment. However, our objective in this article is
not to explain why these events took place, but instead to assess their relative roles given that they
occurred in their observed magnitudes. In fact, when we implement all three shocks jointly, our
model can account for approximately 87% of the actual changes in the skill premium for both
periods.

Looking at the contribution of each particular hypothesis, we find that different shocks
played different roles in accounting for the changes in the skill premium. First, the tariff reduc-
tions played only a small role at accounting for the observed increases in the skill premium for
both periods. Second, the effect of the productivity shocks is mixed as the sector-biased shocks
generate a decrease in the skill premium while the factor-biased shocks lead to an increase in the
skill premium. While the magnitude of changes in the skill premium generated by both types of
productivity shocks are modest in the first period, the sector-biased shocks generate a large
decrease in the skill premium in the second period. Third, the capital deepening shock coupled
with the presence of capital-skill complementarity accounts for the largest fraction of the increase
in the skill premium for both periods. Therefore, the strong increase in the skill premium during
the first period was mainly driven by the capital deepening effect, whereas the slowdown of the
skill premium in the second period was a result of the combination of the negative effect of the pro-
ductivity shock (and specifically the sector-biased shock) against the positive effect of capital
deepening.

2 We could similarly conduct a “migration” shock which replicates the emigration flows of workers from Hungary to the
rest of the EU, but as Galg�oczi, Leschke, and Watt (2009) and H�ars (2009) document, up until 2006 Hungary was one
of the few low emigration countries in Central and Eastern Europe, and thus we expect this factor to have only minor
implications for the patterns of the skill premium.
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In order to assess the validity of the predictions generated by our model, we perform a series
of sensitivity experiments on the values of a subset of key parameters. In particular, when we allow
for differentiated import elasticities across sectors, both foreign trade and the skill premium
exhibit changes that closely resemble those found in our benchmark experiment. Additionally, we
allow for different values of the elasticity of substitution between capital and skilled labor in order
to understand the role of the capital-skill complementarity assumption. This includes an extreme
scenario where we remove the complementarity assumption and use a Cobb–Douglas production
function instead. Our results highlight the importance of the capital-skill complementarity mecha-
nism presented by Krusell et al. (2000), which is also backed up empirically by the firm-level find-
ings in Koren and Csillag (2011) for the Hungarian manufacturing sector.

The article is organized as follows. Section 2 presents a brief data overview. Section 3
describes the model we use to conduct our quantitative analyses. Section 4 describes how we cali-
brate most of the model�s parameters and how we assign values to the parameters that cannot be
calibrated. Section 5 presents the results of our numerical experiments, including the sensitivity
simulations. Section 6 concludes.

2. Relevant Data Trends

In this section, we show the skill premium trends as well as other relevant macroeconomic
variables in Hungary for the period between 1995 and 2005. Specifically, we document the trends
of international trade, the stock of capital, and total factor productivity (TFP).

Skill Premium Trends

We use the EU KLEMS Growth and Productivity Accounts database, which contains annual
data on labor compensation and hours worked by production sector, skills levels and country for
the 1995–2005 period, to calculate the skill premium series for Hungary. Following Krusell et al.
(2000), we define skilled workers as those with tertiary education, and unskilled workers as those
with primary or secondary education. The EU KLEMS database does not contain the wages of
skilled and unskilled workers explicitly, but we can calculate the skill premium by dividing the
ratios of total labor compensation to total hours worked for skilled and unskilled workers, which
can be found in the database, as shown in Appendix A. Thus, we obtain:

skill premium5
ws

wu
5

wsLs
Ls

wuLu
Lu

(1)

where ws and wu are, respectively, the wages of skilled and unskilled workers. Similarly, Ls and Lu

are the total hours worked by skilled and unskilled workers, and consequently wsLs and wuLu are
the total labor compensations of skilled and unskilled workers.

We find that in Hungary the skill premium exhibits a consistent upward trend during the
1995–2005 period, with an overall increase of approximately 13%. Our findings for the skill pre-
mium in Hungary are in line with the results presented by Campos and Jolliffe (2007) who use
labor earnings survey data between 1986 and 2004. Looking deeper into the data, we identify two
distinct episodes within the 1995–2005 period: one, from 1995 to 2000, when most of Hungary�s
economic reforms and a major stabilization program were being implemented, and during which
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the skill premium rose at a strong 10.1% rate, and the second one, from 2000 to 2005, when
Hungary�s transition towards a fully fledged market economy culminated with its accession into
the EU, and during which the skill premium rose at a more modest rate of 2.8% (see Figure 1).

International Trade Trends

Until the early 1990s, Hungary�s main trade partners were the members of the Council for
Mutual Economic Assistance (CMEA), an economic organization comprised of most Eastern
bloc countries and other socialist states in the world. The collapse of the CMEA in 1991 severely
impacted Hungary�s foreign sector and resulted in the disappearance of almost half of its previous
export markets (for more details, see World Trade Organization [WTO] (1998)).

In spite of this major shock, Hungary took steps to increase its openness to international
trade by joining the CEFTA in 1992, signing a free trade agreement with the European Free Trade
Association (EFTA) in 1993, and signing an Association Agreement with the EU in 1994, which
included a free trade agreement with the EU and laid out Hungary�s candidacy to become a full-
fledged member of the EU, which ultimately took place in 2004. As a result of these opening initia-
tives, total trade more than doubled (a 109.43% increase) between 1995 and 2000, and its relative
importance in total activity (measured by total trade as a fraction of GDP) grew by 50.94% during
the same period (see Figure 2). Between 2000 and 2005, total trade continued growing strongly,
although at a somewhat slower rate (a 81.12% increase), whereas the size of trade in total activity
kept growing, but at a significantly lower rate (only a 23.08% increase). During this period, most
of Hungary�s international trade was conducted with EU members.

The Stock of Capital and Total Factor Productivity

Starting in the mid-1990s, Hungary started accumulating capital at much faster rates than in
the past (see Figure 3). The data from Feenstra, Inklaar, and Timmer (2013) indicates that whereas

Figure 1. Skill Premium in Hungary
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in the 1990–1995 period the capital stock grew by 7%, for the 1995–2000 period capital stock grew
by 14.62%, more than doubling the rate of increase of the previous five-year period. During the
2000–2005 period, capital kept growing at an even faster pace, at a rate of 17.07%. Figure 3 also
depicts the capital to working-age population ratio, which shows a similar trend of increasing
growth rates over time. The corresponding growth rates of capital to working-age population ratio
are 15.02% for the 1995–2000 period and 17.51% for the 2000–2005 period, respectively.

Similarly, both gross output (GO) and value added (VA) TFP exhibited consistent growth
over the 1995–2000 period as shown in Figure 4. However, just as in the case of the skill premium,
the growth in TFP slowed down during the 2000–2005 period: while GO and VA TFP grew by

Figure 2. Hungary—Total Trade and Openness

Figure 3. Hungary—Capital Stock
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9.06% and 25.75% between 1995 and 2000, respectively, their growth rates between 2000 and 2005
were 5.36% and 17.99%.3

3. The Model

Overview

We construct a static applied general equilibrium model and disaggregate the Hungarian
economy into three main sectors: primaries, manufacturing, and services. Each sector is in turn
divided into two, depending on its skill intensity: skilled or unskilled. Thus, our model economy is
effectively disaggregated into six sectors. Our artificial economy is populated by several agents:
two representative consumers (differentiated by their skills levels), producers, a domestic govern-
ment and foreign trade partners. The richness of our model allows us to accommodate various
simulations, and their implications to the aggregate economy as well as across different sectors. We
provide a more detailed explanation of their features below.

Domestic Production Firms

We assume that final goods are produced combining a domestically produced component
and an imported component. Domestic production firms produce the local component of the final
goods. They use intermediate inputs from all sectors in fixed proportions, and also combine capi-
tal and skilled and unskilled labor using a constant elasticity of substitution (CES) technology for
output.4 The production function of the domestic firm producing good i is:

Figure 4. Hungary—Trends in TFP

3 Data for GO and VA TFP are taken from the EU KLEMS database.
4 We thank an anonymous referee for pointing out to us the importance of assuming an aggregate Cobb–Douglas pro-

duction function for our analysis. As shown in Felipe and Fisher (2008), the relations among aggregate variables may
be implied by accounting identities with stable factor shares.
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yi;d5min
xd

1;i

ad
1;i

; . . . ;
xd

i;i

ad
i;i

; . . . ;
xd

n;i

ad
n;i

;bi ki lik
q
i 1ð12liÞðus‘s;iÞq

� �r
q1ð12kiÞðuu‘u;iÞr

h i1
r

( )
(2)

where yi;d is the output of the domestic firm i, xd
m;i is the amount of intermediate input of good

m used in the production of good i, ad
m;i is the unit-input requirement of intermediate good m

in the production of good i, and ki, ‘s;i and ‘u;i are, respectively, the capital, skilled labor and
unskilled labor inputs used to produce good i. Our modeling choice of fixed-proportion tech-
nology for intermediate inputs is standard in the input-output literature and reflects the
empirical findings in Sevaldson (1970) and Miller and Blair (2009) that unit-input requirement
coefficients are stable over time. In Equation 2, changes in bi define sector-specific, Hicks neu-
tral technical change in the domestic goods production, whereas changes in us and uu reflect
factor-biased technical change.

Final Production Goods Firms

The firm that produces the final production good i combines the domestic component with an
imported component using an Armington aggregator of the form:

yi5ci diy
qm;i

i;d 1
X
f2T

di;f y
qm;i

i;f

" # 1
qm;i

(3)

where i 2 1; 2; :::; nf g are the goods in Gp, the set of final production goods, rm;i51=ð12qm;iÞ is
the elasticity of substitution between domestic and imported goods (note that we allow for possi-
bly different elasticities of substitution for different production goods), yi is the output of final
good i, yi;d is the domestic component in final good i and yi;f is the imported component from
trade partner f 2 T, the set of trade partners. As in Equation 2, changes in ci capture sector-
specific, Hicks-neutral technical change in the final goods production. Finally, imports of good i
from country f are subject to an ad valorem tariff rate si;f .

Consumption Goods Firms

We assume that the goods purchased by households are different from those purchased by produc-
tion firms for their intra-industries transactions. In particular, the goods that consumers purchase
have a very high service component embedded in them. Therefore, we assume that consumers pur-
chase goods that we label as “consumption goods.” The consumption goods firms combine the
final production good of its own sector and unskilled and skilled services (indexed as us and ss,
respectively) in fixed proportions, together with capital, and skilled and unskilled labor:

yi;c5min
xc

i;i

ac
i;i
;
xc

us;i

ac
us;i
;
xc

ss;i

ac
ss;i
;bc

i kc
i lc

i ðkc
i Þ

qc 1ð12lc
i Þðus‘

c
s;iÞ

qc

h irc
qc

1ð12kc
i Þðuu‘

c
u;iÞ

rc

� � 1
rc

( )
(4)

As previously denoted for the domestic goods production, sector-specific technical change,
and factor-biased technical change in the consumption goods production are captured by changes
in bc

i , and us and uu, respectively. The set of consumption goods is denoted by Gc.
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Investment Good Firm

The model includes an investment good in order to account for the savings observed in the
data. In a dynamic model, agents save in order to enjoy future consumption. In a static model like
the one we use, agents derive utility from consuming the investment good, just as they derive utility
from the consumption goods. The investment good yinv is produced by a firm that combines the
final goods as intermediate inputs using a fixed proportions technology, as shown:

yinv5min
x1;inv

a1;inv
; :::;

xi;inv

ai;inv
; :::;

xn;inv

an;inv

� �
(5)

Consumers

As we previously described, we disaggregate the Hungarian households into two different
representative consumer groups, characterized by their skills levels. We denote the set of house-
holds by H. The motivation of this disaggregation is to explicitly trace the effects of the different
shocks on the wages of skilled versus unskilled workers. Household preferences are represented by
a Cobb–Douglas utility function defined over the consumption goods and savings. The problem
of a representative household j is:

max
X
i2GC

hj
ilogcj

i1hj
invlogcj

inv1
X
f2T

hj
inv;f logcj

inv;f (6)

s:t:
X
i2GC

pc;ic
j
i1pinvcj

inv1
X
f2T

ef �pinv;f cj
inv;f 5ð12sj

dÞðwj
�‘j1r�kjÞ

where cj
i is the consumption of good i by household j; pc;i is the price of consumption good i; sj

d is
the direct tax rate imposed on household j; wj is the wage rate for either skilled and unskilled labor;
r is the rental rate of capital; and �‘j and �kj are the endowments of labor and capital of household j.
Since this is a static setup, we model household savings as purchases of the investment good. As
such, cj

inv represents the purchase of the investment good by household j, and pinv is the price of the
investment good. Additionally, if Hungary runs a trade surplus with a trade partner, we model this
as household purchases of a foreign investment good (i.e., Hungarian households are saving
abroad). Thus, cj

inv;f represents the purchases of the investment good from the trade partner by
household j, �pinv;f , its price (which is assumed to be exogenous) and ef is the bilateral real exchange
rate.

The Government

The data show that the Hungarian government makes purchases of goods and services. At
the same time, the government collects revenues from direct and indirect taxes, as well as tariffs
imposed on imports. In general, tax revenues and government purchases do not match, with the
difference being the government balance. In our setup, the government balance is modeled as pur-
chases of the investment good by the government, which we denote as cg

inv. We assume that the
government is an agent that enjoys utility from consuming the final production goods and the
investment good. Thus, the problem of the government is:
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max
X
i2Gp

hg
i logcg

i 1hg
invlogcg

inv (7)
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X
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g
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X
j2H

sj
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�‘j1r�kjÞ1
X
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1
X
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X
f2T

X
i2Gp

sief �pi;f yi;f

The left-hand side of the budget constraint for the government includes purchases of goods
and the investment good. The right-hand side of the equation includes tax and tariff revenues: the
first term is the direct taxes collected from the income of the two different households; the second
and third terms are the revenues collected from taxing the domestic and consumption goods firms,
respectively; the last term represents the tariff revenues collected.

Foreign Trade Partners

In our model, Hungary trades with two trade partners: the EU and the Rest of the World
(ROW). In each trade partner country f 2 T there is a representative consumer that purchases
imported goods xj;f from Hungary and consumes its local good xf ;f . In this setup, foreign trade
does not need to balance. Thus, if Hungary runs a trade deficit with a foreign trade partner, we
model this trade deficit as foreign purchases of the Hungarian investment good xinv;f (i.e., foreign-
ers are saving in Hungary).

The problem of the representative household in the foreign country f is

max
X
j2GP

hj;f xqx
j;f 1hinv;f xqx

inv;f 1hf ;f xqx
f ;f 21

" #
=qx (8)

s:t:
X
j2GP

ð11sf
j Þpjxj;f 1pinvxinv;f 1ef xf ;f 5ef If

where sf
j is the ad valorem tariff rate that country f imposes on the imports of good j, qx is the

parameter that determines the exports elasticity of substitution rx (i.e., rx51=ð12qxÞÞ, ef is the
bilateral real exchange rate between Hungary and trade partner f, and If is the (exogenous) income
of the household in country f.

Definition of Equilibrium

An equilibrium for this economy is defined by a set of prices for the domestic goods fpi;dgi2Gp
; pri-

ces for the final goods fpigi2Gp
; a price for the investment good pinv; prices for the consumption

goods fpc;igi2Gc
; factor prices ws, wu, r; bilateral exchange rates fef gf2T ; foreign prices

f�pi;f gi2Gp;f2T ; a consumption plan for each type of household fcj
i; c

j
inv; c

j
inv;f gi2Gc;j2H ; a consump-

tion plan for the government fcg
i ; c

g
invgi2Gp

; a consumption plan for the foreign household in coun-
try f fxi;f ;xinv;f ;xf ;f gi2Gp;f2T ; a production plan for the domestic good i firm
ðyi;d ; xd

1;i; :::x
d
n;i; ki; ‘u;i; ‘s;iÞ; a production plan for the final good i firm ðyi; yi;d ; yi;f Þ; a production

plan for the investment good firm ðyinv;x1;inv; :::; xn;invÞ; a production plan for the consumption
good i firm ðyi;c; xc

i;i; x
c
us;i; x

c
ss;i; k

c
i ; ‘

c
u;i; ‘

c
s;iÞ; such that, given the tax rates and the tariff rates:

i. The consumption plan fcj
i; c

j
inv; c

j
inv;f gi2Gc

solves the problem of household j.
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ii. The consumption plan fcg
i ; c

g
invgi2Gp

solves the problem of the government.
iii. The consumption plan fxi;f ; cinv;f gi2Gc

;xf ;f solves the problem of the representative
foreign household.
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viii. The factor markets clear: X
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where �‘u; �‘s, and �K denote the aggregate stocks of unskilled labor, skilled labor and
capital, respectively.
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ix. The goods markets clear:
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4. Calibration and Data

The construction of an applied general equilibrium model requires that all the parameters
that govern the preferences of the agents and the technologies of the firms, as well as the different
tax rates, tariff rates, and elasticities, must be numerically specified.

We assign values to these parameters by calibrating them. This implies that the values of the
parameters are chosen so that, in equilibrium, the agents of the model replicate the transactions
that their counterparts in the real world make. Since we aim to account for the skill premium
changes that took place between the 1995–2000 and 2000–2005 periods, we conduct separate cali-
brations so that our model matches the reference years 1995 and 2000. In order to conduct our cal-
ibration exercise, we first document the various data sources we employ and construct the linkages
among the different sectors.5

Social Accounting Matrices (SAM)

Most of the parameters (such as the input shares and TFP scale parameters in the production
functions, as well as the parameters in the agents� utility functions) can be directly calibrated from
a SAM using the optimality and market clearing conditions and choosing physical units such that
prices (including factor prices) are equal to one in the base case.6,7

A SAM is a record of all the transactions that take place in an economy, usually during a
one-year period. It provides a snapshot of the structure of production, where the rows record the
receipts of a particular agent and the columns represent the payments made by the agents.
Depending on the data availability, it can provide a much disaggregated level of institutional
detail, with different types of firms, levels of government, households that differ in basic demo-
graphic characteristics, and several trade partners. Given the richness of information contained in

5 Tables F1–F4 in Appendix F present the values of the calibrated parameters. In particular, Tables F2 and F3 allow us
to determine the factor intensities in each of the disaggregated sectors.

6 For a brief sketch of the calibration procedure, see Appendix E.
7 For those parameters that cannot be calibrated from the data, we explain how we chose those values in section 4.
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them, SAMs have been frequently and extensively used in applied general equilibrium models
designed to analyze policy reforms (see e.g., Kehoe 1996).

To the best of our knowledge, there is no readily available SAM for Hungary, at least at the
level of disaggregation that our analysis requires. Thus, using a variety of data sources (including
input-output tables for Hungary provided by the Hungarian Central Statistical Office), we build
SAMs for the years 1995 and 2000. In Appendix B, we present our choice of sectoral disaggrega-
tion. Our classification of skilled and unskilled labor intensities sectors follows Abrego and
Whalley (2001). The resulting SAMs are presented in Appendices C and D.

Hungary Household Budget Survey (HBS)

A SAM gives information about the aggregate economy, but it does not provide us with detailed
household-level data. In order to decompose the “household column” in the SAM, we use the HBS,
compiled by the Hungarian Central Statistical Office. The Hungary HBS for the year 2003 contains
data on household-level income and consumption expenditures for 8314 households.8

Using the data contained in the survey we divide the Hungarian households into two groups
according to their skill levels: “high skill” workers (or simply, “skilled” workers) and “low skill”
workers (or “unskilled” workers). Following Krusell et al. (2000), skilled workers are defined as
requiring college completion or better. Once we have divided the households according to their
skill levels, we are able to determine their consumption patterns. In particular, we can determine
what percentage of household income is devoted to the consumption of a specific good. Having
pinned down those ratios, we are able to break down the “household column” in the SAM in the
same proportions as in the HBS.

EU KLEMS Growth and Productivity Accounts

The SAMs for Hungary give us information on the composition of sectoral capital and labor
income compensation, but they do not provide a disaggregation of labor compensation between
skilled and unskilled labor. In order to decompose the “labor compensation row” in the SAM, we
use the EU KLEMS Growth and Productivity Accounts database.

EU KLEMS is a project financed by the European Commission which maintains an
industry-level research database with information on output, productivity, capital formation and
labor structure, among many other variables, for the EU member countries between 1995 and
2005. Relevant to our work, it provides detailed data on labor compensation and the number of
hours worked by industry and by skill level for Hungary. The EU KLEMS categorization of labor
by skill is relatively similar to ours, but instead of two types of skills, it provides data on three types
(low, medium, and high skills). We group the low and medium levels into a single category that
corresponds to our definition of unskilled labor, and the remaining data coincides with our defini-
tion of skilled labor.

Once we have determined the shares of skilled and unskilled labor in labor compensation in
each sector, we are able to decompose the “labor compensation row” in the SAM using the same
proportions that we observe in the EU KLEMS database.

8 Due to data availability, we use the 2003 survey to determine the consumption patterns of skilled and unskilled house-
holds for both the 1995 and 2000 SAMs.
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Remaining Parameters

Tariff Rates

The tariff rates that Hungary imposes on its imports (si) can be calibrated directly from the
SAM. To determine the tariff rates that the foreign trade partners impose on imports from Hun-
gary, we use the Tariff Download Facility database compiled by the World Trade Organization.
We calculate the ROW tariffs as a weighted average of the tariffs imposed by the Czech Republic,
Poland, Russia and the United States. These countries are Hungary�s main export partners after
the EU and accounted for 13.9% and 15.0% of Hungarian exports in 1995 and 2000, respectively.
Note that trade in the service sectors are not subject to tariffs.

Import and Export Elasticities of Substitution

In our model, the elasticities of substitution for exports and imports cannot be calibrated
directly from the SAM. Instead, we use different sets of values for these parameters. For our
“benchmark” case, we set qm;j50:9 8j 2 Gp in Equation 3, and qx50:9 in Equation 9, implying
elasticities of import and export substitution of 10, respectively.9 Later, in the sensitivity analysis,
we take a set of values from Rolleigh (2003) that reports the import elasticity of substitution for
disaggregated primary and manufacturing sectors.

Capital-skill Complementarity Elasticities

The production functions for domestic goods and consumption goods are assumed to use
intermediate inputs in fixed proportions and an aggregate of capital and the two types of labor
nested in a general two-level CES form. In the domestic goods production functions, the parame-
ters q and r govern the elasticities of substitution between capital and skilled labor and capital
and unskilled labor, respectively. Their counterparts in the consumption goods production func-
tions are qc and rc. As specific estimates for the Hungarian economy are not available in the litera-
ture, we take the average of the values reported in Polgreen and Silos (2008) for the United States
and set q5qc520:357 and r5rc50:659, which imply elasticities of substitution of 0.737 between
capital and skilled labor and 2.933 between capital and unskilled labor, respectively.10 As r > q,
our production function exhibits complementarity between capital and skilled labor. Later, in the
sensitivity analysis, we assess the role of the capital-skill complementarity by changing the values
of q and r.

9 Several studies have tried to estimate the value of the Armington elasticity. For example, Ruhl (2008) finds a value of
6.4 for the trade elasticity. Similarly, Simonovska and Waugh (2014) find values for this parameter that range from
2.79 to 4.46, with a preferred value of 4.14. Eaton and Kortum (2002) find values in the 3.60–12.86 range, with a pre-
ferred value of 8.28. Hillberry et al. (2005) estimate values of Armington elasticities as high as 40, with an average of
approximately 16. Romalis (2007) puts this value in a range between 4 and 13. Finally, Yi (2003) finds that elasticities
in excess of 12 are necessary to replicate the trade flows observed in the data. We chose a value of 10 as good compro-
mise with the existing literature, given the large range of possible values found in previous studies.

10 These elasticity values refer to the elasticities between capital equipment and skilled workers and capital equipment
and unskilled workers, respectively. This is because, from a theoretical point of view, what really is complementary to
skilled workers is capital equipment, and not necessarily the aggregate stock of capital which also includes capital
structures. However, to the best of our knowledge, there are no readily available time series that break down capital
stock into equipment and structure for the Hungarian economy, and therefore we take these values to represent the
elasticities between capital and different types of labor, as in Parro (2013).
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5. Numerical Experiments and Results

We conduct a series of numerical experiments to assess the individual as well as the joint con-
tribution of a variety of shocks on the Hungarian skill premium. Our experiments are imple-
mented for two separate time periods: 1995–2000, when Hungary�s economy became more
integrated with the EU, and 2000–2005, a period that culminated with Hungary�s accession into
the EU. Before presenting and discussing the results of our simulations, we first describe the
experiments we run.

“Tariff Reductions” Experiments

In these simulations, we replicate the changes in the tariff schedules observed in Hungary
during the 1995–2000 and 2000–2005 periods. These two periods are characterized by two differ-
ent tariff reductions: during the first one, Hungary and the EU engaged in an Association Agree-
ment. An important component of this treaty, which entered into effect by the end of 1993, was a
free trade agreement between the two parties that mandated the progressive and eventual removal
of tariffs and quantitative restrictions on most trade between Hungary and the EU by the end of
2000. Thus, we simulate this arrangement as Hungary and the EU eliminating the tariffs on their
respective imports, while at the same time allowing Hungary to keep its own tariff schedule with
the ROW unchanged.

The second period corresponds to Hungary�s accession into the EU, a process that culmi-
nated in 2004. As a full-fledged member, Hungary joined the EU customs union. We model this
arrangement as a scenario where Hungary and the EU remove the tariffs on their respective
imports (a setup similar to the one in the previous period), and where additionally Hungary repla-
ces the tariff schedule on its imports from the ROW with the EU�s tariff schedule.

Table 1. Tariff Rates for 1995–2000 Simulation (Percent)

Pre-EU FTA Post-EU FTA

Hungarian
Tariffs Foreign Tariffs

Hungarian
Tariffs Foreign Tariffs

Sector EU ROW EU ROW EU ROW EU ROW

Unskilled Primaries 38.1 38.1 8.1 10.9 0.0 38.1 0.0 10.9
Skilled Primaries 3.7 3.7 0.4 2.6 0.0 3.7 0.0 2.6
Unskilled Manufacturing 15.0 15.0 6.8 11.3 0.0 15.0 0.0 11.3
Skilled Manufacturing 14.6 14.6 4.0 6.8 0.0 14.6 0.0 6.8
All Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Table 2. Tariff Rates for 2000–2005 Simulation (Percent)

Pre-EU Accession Post-EU Accession

Hungarian
Tariffs Foreign Tariffs

Hungarian
Tariffs Foreign Tariffs

Sector EU ROW EU ROW EU ROW EU ROW

Unskilled Primaries 0.0 12.7 0.0 10.2 0.0 6.2 0.0 10.2
Skilled Primaries 0.0 1.2 0.0 2.6 0.0 0.4 0.0 2.6
Unskilled Manufacturing 0.0 4.6 0.0 10.7 0.0 5.0 0.0 10.7
Skilled Manufacturing 0.0 5.3 0.0 6.4 0.0 2.8 0.0 6.4
All Services 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Accounting for Skill Premium Patterns 15



Tables 1 and 2 present the tariff schedules for Hungary, the EU, and the ROW for each
period.

“Productivity” Experiments

In these experiments, we reproduce the productivity changes observed in Hungary for the
1995–2000 and 2000–2005 periods. We incorporate two types of productivity changes: one, that
we label “sector-biased TFP changes,” where we replicate the TFP changes that took place in the
Hungarian economy, for both sectoral VA and sectoral GO, corresponding to the bi, bc

i , and ci

parameters described above. The values for these growth rates are taken from the EU KLEMS
database and are presented in Table 3.

In the second type of productivity changes, that we refer to as “factor-biased productivity
changes,” we replicate the changes in the relative productivities of skilled and unskilled Hungarian
workers. We proceed as follows: we first normalize us and uu in Equations 2 and 4 equal to one in
the initial year of each subperiod, since it is only changes in the technology parameters over time
that are relevant in the model. Thus, we set us5uu51 for 1995 and 2000. We then increase us so
that it matches the increase in relative productivity of skilled workers during each subperiod as
reported in Lovasz and Rigo (2009). They find a 20.1% increase in the relative productivity of
skilled workers between 1995 and 2000, and a 26.3% increase between 2000 and 2005. Therefore,
our “factor-biased productivity changes” experiments consist in increasing us to 1.201 for the
1995–2000 subperiod and to 1.263 in the 2000–2005 subperiod.

Finally, we report the change in skill premium when both types of productivity changes take
place simultaneously, a simulation that we label as “combined productivity changes.”

“Capital Deepening” Experiments

As Hungary transitioned from a centrally planned system to a market-oriented economy,
its stock of capital grew significantly as documented in section 2. We simulate this capital stock
growth by increasing the aggregate capital stock �K by the observed rates in Hungary. The growth
rates of 14.6% for the 1995–2000 period and 17.1% for the 2000–2005 period are taken from
Feenstra, Inklaar, and Timmer (2013), which contains the most recent update of the Penn World
Table.11

Table 3. Sectoral TFP Changes for Benchmark Experiment

Percent change (1995–2000) Percent change (2000–2005)

Sectors VA TFP (bi, bc
i ) GO TFP (ci) VA TFP (bi, bc

i ) GO TFP (ci)

Unskilled primaries 22.24 8.77 83.95 30.88
Skilled primaries 242.39 217.34 1.54 20.24
Unskilled manufacturing 15.29 3.61 6.05 1.04
Skilled manufacturing 97.34 16.37 37.28 5.47
Unskilled services 14.87 6.95 9.30 4.72
Skilled services 18.31 10.12 8.76 4.21

11 As shown in section 2, the growth rates of capital stock per worker and aggregate capital stock are quite similar.
Moreover, since in our model working-age population is constant, the increases in capital stock imply capital
deepening.
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Benchmark Results: 1995–2000

Table 4 presents the results of our simulations for the 1995–2000 period. We first report the
results from our joint experiment, where we simultaneously incorporate the trade costs, productiv-
ity and capital deepening shocks. Our model generates an increase in the skill premium of 8.80%
(compared to 10.12% in the data). This implies that when we take into account all shocks, our
model can account for approximately 87% of the increase in the skill premium in Hungary.

When assessing the individual roles of each shock, we find that most of the increase in the
skill premium can be accounted for by the increase in the capital stock and the capital-skill com-
plementarity mechanism embedded in our framework. Of the two productivity shocks, the factor-
biased productivity changes turn out to be more important, although its role is small when com-
pared to that of capital deepening. Finally, the tariff reductions can only account for a small frac-
tion of the observed increase in the skill premium.

Benchmark Results: 2000–2005

Table 5 presents the results for the 2000–2005 period. The joint experiment yields an increase
in the skill premium of 2.45% (compared to 2.81% in the data). This implies that when we take
into account all shocks, our model can account for approximately 87.2% of the increase in the skill
premium in Hungary.

In terms of our decomposition results, we find that the role of tariff reductions in accounting
for the changes in the skill premium is positive but small. This result is similar to the one we found
for the 1995–2000 period. Focusing on the importance of productivity shocks, we find that the
sector-biased productivity shock actually yields a decline in the skill premium of approximately
8.4%, whereas the factor-biased productivity changes generates a positive but moderate increase
in the relative wages. When both types of productivity changes are taken into account, the skill
premium decreases by around 7%, which implies that productivity changes played a bigger role
during the 2000–2005 period when compared to the 1995–2000 period. Finally, the capital deepen-
ing shock suggests an increase in the skill premium by more than 10%, which overstates the actual
increase in the skill premium. Thus, our results indicate that the overall change on the skill pre-
mium between 2000 and 2005 is due to the combined effects of capital deepening (which would
predict a large increase in relative wages) and sector-biased productivity changes (which would
predict a decline in the skill premium), with the former effect dominating the latter.

Table 4. Benchmark Results — Skill Premium Changes (1995–2000)

Skill premium
change (percent)

Percentage
of change in skill
premium due to:

Joint simulation 8.80 87.0
Individual simulations:

Tariff reductions 0.17 1.7
Sector-biased productivity changes 20.42 24.2
Factor-biased productivity changes 0.59 5.8
Combined productivity changes 0.29 2.9
Capital deepening 8.79 86.9

Data 10.12
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Discussion of Benchmark Results

In the tariff reductions experiments, the skill premium increases in both periods but the mag-
nitude of these increments is small. In fact, the tariffs reductions lead to an increase in the real
wage for both skilled and unskilled workers, but the relative increase in the wages of skilled work-
ers is greater than for unskilled workers. Two effects are at play: on the one hand, since Hungary is
mainly an exporter of unskilled-intensive goods and services and an importer of skilled-intensive
goods and services, the traditional H–O mechanism would imply a decline in the skill premium as
a result of opening to trade. However, this mechanism abstracts from the role of the capital-skill
complementarity. Our framework incorporates it, thus leading to an increase in the demand for
capital, which in turn favors skilled labor more than unskilled labor. Consequently, this second
channel would lead to an increase in the skill premium. Taking into account both the traditional
H–O mechanism (which lowers skill premium) and the capital-skill complementarity mechanism
(which increases skill premium), the overall effect is a priori ambiguous. In our simulations, the
small positive increase in skill premium implies that the capital-skill complementarity effect domi-
nated the H–O effect.12

Regarding the sector-biased technical change experiments, we obtain a modest decrease in
skill premium in the 1995–2000 period and a larger decrease in the 2000–2005 period. While the
deep mechanics are difficult to disentangle in a general equilibrium setup, we believe that the
results are driven by both the magnitudes in the TFP changes across the different sectors com-
bined with the size of the sectors subject to the shocks in each period. For example, for all the peri-
ods we examine, the sector that records the largest increase in TFP is the skilled manufacturing
sector, which in fact has a lower skill intensity than both service sectors. This might help explain
why the skill premium decreases under the sector-biased productivity change experiments. More-
over, for the 1995–2000 period, it is only the primaries sector where the unskilled sector shows a
higher productivity gain than the skilled sectors, thus leading to the minor decline in the skill pre-
mium. Instead, during the 2000–2005 period not only the unskilled primaries but also the
unskilled services sectors show higher productivity gains than the skilled sectors. This might
account for why during the 2000–2005 period the decrease in the skill premium is much more pro-
nounced than in the preceding one.

Table 5. Benchmark Results — Skill Premium Changes (2000–2005)

Skill premium
change (percent)

Percentage of change
in skill premium due to:

Joint simulation 2.45 87.2
Individual simulations:

Tariff reductions 0.12 4.3
Sector-biased productivity changes 28.39 2298.6
Factor-biased productivity changes 0.89 31.7
Combined productivity changes 27.33 2260.9
Capital deepening 10.03 356.9

Data 2.81

12 In addition, it is also worthwhile to note that tariff removals only affected primary and manufacturing sectors, while
most of the value added in labor comes from the service sectors, which were not subject to tariff changes. This channel
also serves to mitigate the magnitude of skill premium changes in Hungary.
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Finally, in the capital deepening experiments we find that the increase in the stock of capital
leads to an increased demand for labor, but this demand is disproportionately biased in favor of
skilled workers over unskilled workers. This is due to the capital-skill complementarity assumption
included in our framework. In the next section, we discuss the role of capital-skill complementar-
ity in detail.

The Role of Capital-Skill Complementarity

In our benchmark experiments we used the average of the values reported in Polgreen and
Silos (2008) and set q5qc520:357 and r5rc50:659 as the elasticities of substitution between
factors in the domestic and consumption goods production functions. In this sensitivity experi-
ment, we assess the importance of capital-skill complementarity in our results by first varying the
value of the parameters q and qc. Specifically, we use the values of 20.393 and 20.321, which rep-
resent 10% deviations from the benchmark value and we also use 20.237 which represents the
degree of capital-skill complementarity found in Krusell et al. (2000). For all simulations, we keep
the values of r and rc unchanged. Finally, we also test the limiting case where the CES production
parameters q and r (as well as qc and rc) are jointly set to zero, which corresponds to a Cobb–
Douglas production function with no complementarity between capital and skilled labor.

The results are presented in Table 6 for the 1995–2000 period and Table 7 for 2000–2005. In
the tables, the first four columns show the results we obtain when we vary the parameter values of
q and qc. For both periods, changes in the elasticity of substitution between capital and skilled
labor have quantitative implications on the skill premium through two different channels. The first
channel reflects the fact that an increase in the value of q implies a smaller degree of capital-skill
complementarity, which is measured by ðr2qÞ. As shown in the capital deepening simulation, the
increase in the stock of capital leads to an increase in the skill premium that is of a smaller magni-
tude than the one we obtained in the benchmark simulation precisely because capital and skilled
labor are less complementary. The second channel reflects the fact that a higher value of q implies
a higher degree of substitution between capital and skilled labor. The factor-biased simulation
replicated the increased productivity of skilled labor observed in the data. A higher value of q

means that it is easier to switch to the more productive skilled labor, which in turn drives up the
demand for this factor and consequently the relative wage of skilled workers. Overall, the second
channel dominates the first and thus a higher the value of q corresponds to a higher rise in the skill
premium, as reflected in the joint simulation.

Table 6. Sensitivity Analysis — Elasticities of Factor Substitution (q;qc) (1995–2000)

Percent change in skill premium

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

q5qc5 q; qc ! 0
20.393 20.357 20.321 20.237 r; rc ! 0

Joint simulation 8.86 8.80 8.99 9.02 24.71
Individual simulations:

Tariff reductions 0.18 0.17 0.15 0.12 20.65
Sector-biased productivity changes 20.38 20.42 20.46 20.55 24.37
Factor-biased productivity changes 0.20 0.59 0.98 1.92 0.00
Capital deepening 9.08 8.79 8.49 7.79 0.17
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The last column in Tables 6 and 7 show the results of dropping the capital-skill complemen-
tarity assumption. In both periods, the increases in the skill premium generated by the capital
deepening simulation are close to zero, with similar results for the tariff reductions and factor-
biased productivity simulations. On the other hand, the sector-biased productivity simulation gen-
erates a significant decrease in the skill premium, which in turn plays a dominant role in the
decline of the skill premium obtained in the joint simulation.

The sensitivity simulations underscore our choice of production functions that exhibit
capital-skill complementarity. Our choice is backed up empirically by the findings in Koren and
Csillag (2011), who show that capital imports in Hungary increased the demand for skilled
workers.13

Our findings place capital deepening and the capital-skill complementarity channel as the
main drivers of the increase in the skill premium observed in Hungary. In that sense, our results
are in line with a vast portion of the literature, both theoretical and empirical, and starting at least
since Griliches (1969) seminal work, who posited the idea that skilled labor is relatively more com-
plementary to capital than unskilled labor and consequently increases in the stock of capital could
account skill premium movements. Additional studies have reaffirmed this hypothesis, most
salient among them being Krusell et al. (2000) for the case of the United States. Lindquist (2005)
finds similar results for the case of Sweden, as do Flug and Hercowitz (2000) for a panel that
includes both developed and developing economies. More recently, both Burstein, Cravino, and
Vogel (2002) and Parro (2013) stress the importance of capital-skill complementarity in generating
an increase in skill premium using a quantitative general equilibrium model of trade.

Elasticities of Import Substitution Differentiated by Sector

In our benchmark simulations we assign values for the elasticities of substitution for imports
that are constant across sectors. A relevant question is whether our results depend on our choice
of those elasticity values. To assess the robustness of our results, we re-run our simulations using
an alternative set of values for the import elasticities, which we take from Rolleigh (2003), where the
values of the elasticities vary depending on the sector. While the simple average of elasticities across

Table 7. Sensitivity Analysis — Elasticities of Factor Substitution (q; qc) (2000–2005)

Percent change in skill premium

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

q5qc5 q; qc ! 0
20.393 20.357 20.321 20.237 r; rc ! 0

Joint simulation 2.30 2.45 2.59 2.95 218.40
Individual simulations:

Tariff reductions 0.12 0.12 0.12 0.11 0.15
Sector-biased productivity changes 28.38 28.39 28.39 28.39 220.47
Factor-biased productivity changes 0.39 0.89 1.38 2.57 0.11
Capital deepening 10.36 10.03 9.69 8.90 0.27

13 Koren and Csillag (2011) study the effect of imported machines on the wages of machine operators using a linked
employer-employee microdata from 1994 to 2004 in Hungary. They find that the wages of workers operating imported
machines are about 8% higher than other machine operators at the same firm, suggesting complementarity between
imported capital and workers� skill levels in the manufacturing sector.
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all sectors in Rolleigh (2003) is around 11.3 (which is similar to our benchmark value of 10), the sec-
toral elasticities take values as low as 2.9 for the electronics sector and as high as 21 for the foods
sector. For our specific sectoral disaggregation, the values of qm we use are 0.952 for both primaries
sectors, 0.873 for unskilled manufactures, 0.819 for skilled manufactures, 0.9 for unskilled and
skilled services.14 The results of this sensitivity analysis are presented in Table 8. We find that our
results are quite robust to the choice of the elasticity values, both in terms of the joint simulation
and the individual experiments. Furthermore, we find that the role of tariff reductions in account-
ing for the changes in the skill premium is consistently positive but small across scenarios.

6. Conclusions

What drives the patterns of the skill premium? The economics literature has provided a vari-
ety of explanations on this issue, ranging from the expansion of international trade to the role of
productivity and the complementarity between capital and skilled labor, yet a definitive consensus
has not been reached. Interestingly, all these forces played a role when the economies of Central
and Eastern Europe transitioned from centrally planned systems to full-fledged members of the
EU. Thus, such countries present an interesting opportunity for studying the determinants of the
skill premium. In this article, we exploit this fact and conduct a decompositional analysis to disen-
tangle the multiple factors that affected the increasing patterns of the skill premium observed in
Hungary between 1995 and 2005.

Specifically, we build an applied general equilibrium model, and using a variety of data sour-
ces including from input-output matrices to HBS, we calibrate it to match the Hungarian econ-
omy. We then perform a series of numerical experiments to assess the roles of the different
explanations to the patterns of the skill premium. We find that when all shocks are jointly imple-
mented, our model is able to account for up to 87% of the increase in the skill premium observed
in the data. We also conduct numerical experiments to determine how specific factors contributed
to the changes in relative wages. We find that throughout our period of analysis the main driver of
the increase in the skill premium in Hungary is the increase in the capital stock (capital deepening)

Table 8. Sensitivity Analysis — Import Elasticities of Substitution (qm)

Percent change in skill premium

(1995–2000) (2000–2005)

Benchmark
elasticities

Rolleigh
elasticities

Benchmark
elasticities

Rolleigh
elasticities

Joint simulation 8.80 9.08 2.45 2.38
Individual simulations:

Tariff reductions 0.17 0.89 0.12 0.11
Sector-biased productivity changes 20.42 0.18 28.39 28.43
Factor-biased productivity changes 0.59 0.64 0.89 0.89
Combined productivity changes 0.29 0.90 27.33 27.39
Capital deepening 8.79 8.71 10.03 10.07

14 Thus, the implied elasticities range from as low as 5.5 in the skilled manufactures to as high as 21 in the primaries
sectors.
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which in turn raises the demand for skilled workers through the capital-skill complementarity
channel.

Productivity changes, instead, did not have a large impact on the skill premium during the
1995–2000 period. However, productivity changes (and more specifically sector-biased productiv-
ity changes) generate a significant decline in the skill premium for the 2000–2005 period. Thus, the
interaction between the positive effect of capital deepening and the negative effect of the sector-
biased shock accounts for the fact that the skill premium increase was more modest during the
2000–2005 period than during the previous one.

Our findings show that tariff reductions played a small role in accounting for the changes in
the skill premium. This, however, should not be interpreted as trade being unimportant. In partic-
ular, while our results highlight the role of capital deepening as the major driver in the pattern of
the skill premium, for many transition countries a large fraction of that capital accumulation ori-
ginated from external sources in the form of foreign direct investment, as part of a broader set of
trade liberalization reforms. In addition, falling trade costs in capital goods enabled these econo-
mies to direct more investment into capital-intensive sectors, which lead to faster capital accumu-
lation.15 Finally, we perform a series of sensitivity experiments and find that our results are robust
to changes in the values of the parameters of the model.

Our analysis abstracts from some of the institutional features that past studies have used to
account for the increase of the skill premium in transition economies. These features include, but are
not limited to, fiscal reforms, privatization of state-owned enterprises, deregulation of higher education
fees, deunionization, and nontariff barriers to trade. For example, Brown, Earle, and Telegdy (2010)
find evidence that the transfer of ownership of state firms to domestic or foreign owners through priva-
tization raised productivity and the relative wages of skilled workers in Hungary. On the other hand,
Madga, Mardsen, and Moriconi (2012) find that collective bargaining at the company level increases
medium- and high-skilled wages in a subset of transition economies, including Hungary.

Another feature we abstract from is the introduction of dynamics into the model and, more
specifically, endogenizing investment decisions and capital accumulation over time. The importance
of these issues is emphasized in articles such as Harris and Robertson (2013), who focus on the
dynamic aspects of trade and labor market interactions and find that trade liberalization is associ-
ated with not only physical capital investment but also human capital accumulation. Incorporating
such features in a setup similar to the one developed in this article would undoubtedly complement
the analysis presented here. We leave those topics as interesting extensions for future research.

Appendix A: Construction of Skill Premium Series (Hungary, EU KLEMS)

Table A1. Labor Compensation (Share in Total Labor Compensation)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

High-skilled 30.0 30.2 30.3 31.3 34.4 33.5 33.8 34.7 37.2 39.1 40.5
Medium-skilled 57.1 57.2 57.2 56.5 56.0 55.3 55.1 54.9 53.5 52.3 50.9
Low-skilled 12.9 12.6 12.5 12.2 9.6 11.1 11.0 10.5 9.3 8.6 8.7

15 We thank an anonymous referee for suggesting the potential linkage between tariff reductions and capital investment.
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Appendix B: Sectoral Matching of Consumption and Production Sectors

Table A2. Hours Worked (Share in Total Hours)

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

High-skilled 15.6 15.3 15.2 15.4 16.9 16.5 16.5 16.9 18.2 20.0 20.6
Medium-skilled 65.4 65.7 66.0 65.8 67.6 65.8 66.1 66.5 66.6 65.6 64.9
Low-skilled 18.9 19.0 18.9 18.8 15.5 17.6 17.4 16.6 15.3 14.4 14.5

Table A3. Skill Premium — Hungary

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

Skill Premium 2.31 2.38 2.43 2.50 2.57 2.55 2.59 2.61 2.67 2.57 2.62
(2000 5 100) 90.8 93.6 95.4 98.3 101.1 100 101.6 102.7 104.8 100.9 102.8

6-Sector SAM Input-Output Table Classifications

Unskilled Primaries (PU) Products of agriculture, hunting and forestry
Skilled Primaries (PS) Mining and quarrying

Coke, refined petroleum and nuclear fuel
Unskilled Manufacturing (MU) Food, beverages and tobacco

Textiles, textile, leather and footwear
Wood and of wood and cork
Rubber and plastics
Other nonmetallic mineral
Basic metals and fabricated metal
Manufacturing nec; recycling

Skilled Manufacturing (MS) Pulp, paper, printing, and publishing
Coke, refined petroleum, and nuclear fuel
Chemicals and chemical
Machinery, nec
Electrical and optical equipment
Transport equipment

Unskilled Services (SU) Construction
Wholesale trade and commission trade,

except of motor vehicles and motorcycles
Retail trade, except of motor vehicles and

motorcycles; repair of household goods
Hotels and restaurants
Education
Health and social work
Other community, social, and personal services

Skilled Services (SS) Electricity, gas, and water supply
Sale, maintenance and repair of motor

vehicles and motorcycles; retail sale of fuel
Transport and storage
Post and telecommunications
Financial intermediation
Real estate activities
Renting and other business activities
Public admin and defense; compulsory social security

Accounting for Skill Premium Patterns 23
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Appendix E: Brief Sketch of the Calibration Procedure

The calibration of the production function parameters follows directly from the firms� optimality conditions.
For example, to calibrate the parameters of the domestic production firm, we divide the first order condition for cap-
ital (k) by the one for skilled labor (‘s), we obtain:

r
ws

5
lkq21

ð12lÞuq
s ‘

q21
s

(A1)

Note we have dropped the sector index i to simplify the notation. Equation A1 can be rewritten as:

rk
ws‘s

5
l

ð12lÞuq
s

k
‘s

� 	q

(A2)

Using again the first order conditions for capital and skilled labor, the right-hand side of the previous expres-
sion can be written as:
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In the process of calibration the standard practice is to choose units of measurement in such a way that, in the
original equilibrium, one unit of good is worth one unit of value. In other words, we choose units such that prices
(including factor prices) are equal to one in the original equilibrium. This yields r 5 1, ws 5 1 and wu 5 1. Similarly,
we normalize labor-specific productivities (us and uu) so that they are equal to one in the original equilibrium,
because it is only changes in the values of those parameters over time that are relevant in the model. As a result, the
previous equation simplifies further to:
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ws‘s

5
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12l

� 	 1
12q

(A4)

The left-hand side divides sectoral capital compensation by skilled labor compensation, which can be found in
the SAM. Since the value of the elasticity of substitution q is taken from the literature and the left-hand side is a
known value, we can find a value for l.

A similar process is followed to calibrate the share parameter k. Using the first order conditions for the nested
capital-skilled labor bundle (which for compactness we will denote by yks5 lkq1ð12lÞðus‘sÞq½ �

1
q, with price pks) and

unskilled labor, we obtain:
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which can be rewritten as:
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Using again the first order conditions, and after a bit of algebra, we obtain:
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Imposing the normalizations wu 5 1 and uu51, the previous equation simplifies to:
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where the last equality follows from the first-order conditions for the yks bundle. Using once again the normalizations
r5ws51, and us51, the last equation simplifies to:
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The left-hand side divides the value of the capital-skilled labor bundle by unskilled labor compensation, which can be
obtained from the SAM. The right-hand side includes the parameter l (which was calibrated previously) and the
elasticities q and r (which are taken from the literature). The only unknown is the share parameter k, whose value
can thus be found.

Once l and k have been calibrated, the TFP parameter b can be backed out as a residual:

b5
yd

k lkq1ð12lÞðus‘sÞq½ �
r
q1ð12kÞðuu‘uÞr

h i1
r

(A10)

where the numerator is the value of domestic production good and the denominator is VA in that sector. The calibra-
tion of the other parameters follows the same logic.

Appendix F: Calibrated Parameters

Table F3. Consumption Goods Firm Parameters (bc;lc;kc)

1995 2000

bc lc kc bc lc kc

Unskilled primaries 7.2584 0.6726 0.5538 7.1508 0.6592 0.5187
Skilled primaries 16.9626 0.9194 0.6007 25.7501 0.9109 0.6061
Unskilled manufacturing 17.8856 0.7147 0.5678 20.9601 0.7408 0.5757
Skilled manufacturing 21.5386 0.7762 0.5760 26.0767 0.8830 0.5788
Unskilled services 6.0797 0.5591 0.6198 6.6350 0.5300 0.6233
Skilled services 4.3916 0.7857 0.6371 4.5271 0.7403 0.6565

Table F1. Preferences Parameters (u; ug) — Skilled and Unskilled Consumers and
Government

1995 2000

Skilled Unskilled Government Skilled Unskilled Government

Unskilled primaries 0.0288 0.0558 0.0059 0.0224 0.0439 0.0047
Skilled primaries 0.0243 0.0471 0.0002 0.0231 0.0455 0.0002
Unskilled manufacturing 0.2378 0.2981 0.0000 0.2104 0.2673 0.0000
Skilled manufacturing 0.1011 0.1104 0.0718 0.1085 0.1201 0.0616
Unskilled services 0.1496 0.1051 0.4269 0.1497 0.1066 0.3756
Skilled services 0.1649 0.1824 0.4668 0.1858 0.2083 0.4312
Investment good 0.2936 0.2011 0.0285 0.2363 0.1640 0.1270
Foreign investment 0.0639 0.0443

Table F2. Domestic Goods Firm Parameters

1995 2000

b l k b l k

Unskilled primaries 7.1467 0.6726 0.5538 7.1273 0.6592 0.5187
Skilled primaries 10.7970 0.9194 0.6007 17.7351 0.9109 0.6061
Unskilled manufacturing 19.3004 0.7147 0.5678 19.2021 0.7408 0.5757
Skilled manufacturing 14.9976 0.7762 0.5760 15.8566 0.8830 0.5788
Unskilled services 8.0493 0.5591 0.6198 8.7813 0.5300 0.6233
Skilled services 4.8518 0.7857 0.6371 4.8563 0.7403 0.6565

Accounting for Skill Premium Patterns 27



Acknowledgments

We are grateful for the comments received at the Fall 2013 Midwest Macroeconomics Meet-
ings, Stockholm Institute of Transition Economies, the 2014 Ljubljana Empirical Trade Confer-
ence, and the 20th Annual Conference on Computing in Economics and Finance. We also thank
Thibault Fally for constructive discussions and feedback. Any remaining errors are the responsi-
bility of the authors.

References

Abrego, Lisandro, and John Whalley. 2000. The choice of structural model in trade-wages decompositions. Review of
International Economics 8:462–77.

Abrego, Lisandro, and John Whalley. 2001. Decompositional analysis using numerical equilibrium models: Illustrations
from trade literature. In Frontiers in applied general equilibrium modeling: Essays in honor of Herbert Scarf, edited
by Timothy J. Kehoe, Thirukodikaval N. Srinivasan, and John Whalley. Cambridge, UK: Cambridge University
Press, pp. 378–401.

Acemoglu, Daron. 2002. Technical change, inequality and the labor market. Journal of Economic Literature 40:7–72.
Brown, David J., John S. Earle, and �Almos Telegdy. 2010. Employment and wage effects of privatisation: Evidence from

Hungary, Romania, Russia and Ukraine. Economic Journal 120:683–708.
Burstein, Ariel, Javier Cravino, and Jonathan Vogel. 2013. Importing skill-biased technology. American Economic Jour-

nal: Macroeconomics 5:32–71.
Campos, Nauro, and Dean Jolliffe. 2007. Earnings, schooling, and economic reform: Econometric evidence from

Hungary (1986-2004). World Bank Economic Review 21:509–52.
Cho, Sang-Wook (Stanley), and Juli�an P. D�ıaz. 2013. Trade integration and the skill premium: Evidence from a transi-

tion economy. Journal of Comparative Economics 41:601–20.
Crin�o, Rosario. 2005. Wages, skills, and integration in Poland, Hungary and the Czech Republic: An industry-level anal-

ysis. Transition Studies Review 12:432–59.
Eaton, Jonathan, and Samuel Kortum. 2002. Technology, geography and trade. Econometrica 70:1741–79.
Esposito, Piero, and Robert Stehrer. 2009. The sector bias of skill-biased technical change and the rising skill premium

in transition economies. Empirica 36:351–64.
Feenstra, Robert C., and Gordon H. Hanson. 1996. Globalization, outsourcing and wage inequality. American Economic

Review 86:240–5.
Feenstra, Robert C., and Gordon H. Hanson. 1999. The impact of outsourcing and high-technology capital on wages:

Estimates for the United States, 1979–1990. The Quarterly Journal of Economics 114:907–40.
Feenstra, Robert C., Robert Inklaar, and Marcel P. Timmer. 2013. The next generation of the Penn World Table.

Accessed June 2015. Available at http://www.ggdc.net/pwt.
Felipe, Jesus, and Franklin M. Fisher. 2008. Aggregation (production). In The New Palgrave Dictionary of Economics,

Second Edition, edited by Steven N. Durlauf and Lawrence E. Blume. London: Palgrave Macmillan.
Flug, Karnit, and Zvi Hercowitz. 2000. Equipment investment and the relative demand for skilled labor: international

evidence. Review of Economic Dynamics 3:461–85.

Table F4. Armington Aggregators Parameters

1995 2000

c ddom dEU c ddom dEU

Unskilled primaries 3.4338 0.3139 0.3439 2.8865 0.3693 0.2987
Skilled primaries 3.0473 0.3345 0.3249 2.9912 0.3412 0.3222
Unskilled manufacturing 3.1463 0.3390 0.3434 2.9709 0.3548 0.3225
Skilled manufacturing 3.2407 0.3199 0.3490 3.0276 0.3397 0.3276
Unskilled services 2.8091 0.3796 0.3150 2.7999 0.3810 0.3143
Skilled services 2.6952 0.3982 0.3055 2.7563 0.3891 0.3101

28 Sang-Wook (Stanley) Cho and Juli�an P. D�ıaz

http://www.ggdc.net/pwt


Galg�oczi, B�ela, Janine Leschke, and Andrew Watt. 2009. Intra-EU labour migration: Flows and policy responses. In EU
labour migration since enlargement: Trends, impacts and policies, edited by B�ela Galg�oczi, Janine Leschke, and
Andrew Watt. Farnham: Ashagate Publishing, pp. 1–28.

Griliches, Zvi. 1969. Capital-skill complementarity. Review of Economics and Statistics 51:465–8.
Harris, Richard G., and Peter E. Robertson. 2013. Trade, wages and skill accumulation in the emerging giants. Journal

of International Economics 89:407–21.
H�ars, �Agnes. 2009. Dimensions and effects of labour migration to EU countries: The case of Hungary. In EU labour

migration since enlargement: Trends, impacts and policies, edited by B�ela Galg�oczi, Janine Leschke, and Andrew
Watt. Farnham: Ashagate Publishing, pp. 229–52.

Haskel, Jonathan, and Matthew Slaughter. 2002. Does the sector bias of skill-biased technical change explain changing
skill premia? European Economic Review 46:1757–83.

Hillberry, Russell H., Michael A. Anderson, Edward J. Balistreri, and Alan K. Fox. 2005. Taste parameters as model
residuals: Assessing the “fit” of an Armington trade model. Review of International Economics 13: 973–84.

Kahn, James, and Jong-Soo Lim. 1998. Skilled labor-augmenting technical progress in U.S. manufacturing. The Quar-
terly Journal of Economics 113:1281–1308.

Kehoe, Timothy J. 1996. Social accounting matrices and applied general equilibrium models. Federal Reserve Bank of
Minneapolis Working Paper No. 563.

Koren, Mikl�os, and M�arton Csillag. 2011. Machines and machinists: capital-skill complementarity from an interna-
tional trade perspective. IEHAS Discussion Paper No. 1114.

Krugman, Paul. 2000. Technology, trade and factor prices. Journal of International Economics 50:51–71.
Krusell, Per, Lee E. Ohanian, Jos�e V�ıctor R�ıos-Rull, and Giovanni L. Violante. 2000. Capital-skill complementarity and

inequality: A macroeconomic analysis. Econometrica 68:1029–53.
Lindquist, Matthew. 2005. Capital-skill complementarity and inequality in Sweden. Scandinavian Journal of Economics

107:711–35.
Lovasz, Anna, and Mariann Rigo. 2009. Who earns their keep? An estimation of the productivity-wage gap in Hungary

1986-2005. Budapest Working Papers on the Labour Market 2009/2, Corvinus University of Budapest, Budapest,
Hungary.

Magda, Iga, David Mardsen, and Simone Moriconi. 2012. Collective agreements, wages and firms� cohorts: Evidence
from Central Europe. Industrial and Labor Relations Review 65:607–29.

Miller, Ronald E., and Peter D. Blair. 2009. Input-output analysis: Foundations and extensions. 2nd edition. Cambridge,
UK: Cambridge University Press.

Parro, Fernando. 2013. Capital-skill complementarity and the skill premium in a quantitative model of trade. American
Economic Journal: Macroeconomics 5:72–117.

Parteka, Aleksandra. 2012. Skilled-unskilled wage gap versus evolving trade and labour market structures in the EU.
Institute for Development Working Paper No. 004/2012 (008).

Polgreen, Linnea, and Pedro Silos. 2008. Capital-skill complementarity and inequality: A sensitivity analysis. Review of
Economic Dynamics 11:302–13.

Rolleigh, Michael. 2003. Plant heterogeneity and applied general equilibrium models of trade: Lessons from the
Canada-US Free Trade Agreement. Unpublished paper, University of Minnesota.

Romalis, John. 2007. NAFTA�s and CUSFTA�s impact on international trade. The Review of Economics and Statistics
89:416–35.

Ruhl, Kim J. 2008. The international elasticity puzzle. Unpublished paper, University of Texas, Austin.
Sevaldson, Per. 1970. The stability of input-output coefficients. In Applications of input-output analysis, edited by Anne

P. Carter and Andras Brody. Amsterdam: North-Holland, pp. 207–37.
Simonovska, Ina, and Michael Waugh. 2014. The elasticity of trade: Estimates and evidence. Journal of International

Economics 92:34–50.
Wood, Adrian. 1995. How trade hurt unskilled workers. The Journal of Economic Perspectives 9:57–80.
Wood, Adrian. 1998. Globalisation and the rise in labour market inequalities. The Economic Journal 108:1463–82.
World Trade Organization (WTO). 1998. Trade policy review: Hungary. Geneva: World Trade Organization.
Yi, Kei-Mu. 2003. Can vertical specialization explain the growth of world trade? Journal of Political Economy 111:

52–102.

Accounting for Skill Premium Patterns 29


	l
	l
	l
	l
	l
	l
	l
	l
	l

