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This paper develops a dynamic Heckscher Ohlin Samuelson model with sector-specific human capital and over-
lapping generations to characterize the dynamics andwelfare implications of gradual labormarket adjustment to
trade. Ourmodel is tractable enough to yield sharp analytic results, that complement and clarify an emerging em-
pirical literature on labor market adjustment to trade. Existing generations that have accumulated specific
human capital in one sector can switch sectors when the economy is hit by a trade shock. Nonetheless, the
shock induces few workers to switch, generating a protracted adjustment that operates largely through the
entry of new generations. This results in wages being tied to the sector of employment in the short-run but to
the skill type in the long-run. Relative to a world with general human capital, welfare is improved for the skill
group whose type-intensive sector shrinks. We extend the model to include physical capital and show that the
transition is longer when capital is mobile. We also introduce nonpecuniary sector preferences and show that
larger gross flows are associated with a longer transition.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

The growth of North–south trade over the last 15 years—particularly
due to the emergence of China—has sparked renewed interest in the con-
sequences of inter-industry trade and its effects on labor reallocation and
income inequality (Krugman, 2008; Autor et al., 2013, and Haskel et al.,
2012). In addition to the effects of trade on relative factor rewards, con-
cern has been raised over the welfare costs of protracted labor realloca-
tion and of the idle/lost expertise for workers whose sector is hit by
import competition. More generally, the dynamics of an economy's ad-
justment to trade shocks are critical to understanding the benefits and
distributional consequences of both trade liberalizations and trade shocks.

Yet, mostmodels assume perfect factor mobility or complete immo-
bility even though, empirical results suggest that—owing to short- and
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medium-run adjustment costs—both assumptions are too extreme for
analyzing the impact of trade shocks on the labor market. To address
this issue, Matsuyama (1992) analyzes labor reallocation following a
trade shock in an overlapping generations model, assuming that
workers can only choose their sector once in their lives. This implies
that all reallocations occur through the entry of new generations. In
contrast, we allow for labor mobility in a Heckscher Ohlin Samuelson
(HOS) model augmented with sector-specific human capital. This en-
dogenously generates little immediate reallocation of labor in response
to a trade shock and leads to a protracted transition, providing a better
fit with the empirical findings. This more general framework allows
us to investigate additional outcomes of trade shocks, such as the
share of reallocation that happens on impact and the distributional
consequences of trade for workers of different cohorts.

The model is an overlapping generations HOS model in which new
workers of both low- and high-skill types enter the economy each peri-
od as old generations die. Both skill types are essential in both sectors,
but the sectors differ in their skill intensities. Workers accumulate
human capital that is specific to the sector of their employment. The
empirical relevance of sector-specific human capital has been demon-
strated most notably by Neal (1995), Parent (2000), and Kletzer
(2001). Because our focus is on sector-specific human capital and sec-
toral reallocationwe keep the neoclassical assumption of perfectly com-
petitive markets and we consider an economy with homogeneous
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2 In addition, Robertson uses industry-specific tariff reductions. This addresses a poten-
tial bias in the estimation of wage effects from trade liberalizations as tariff reductions are
often larger for low-skill intensive industries.

3 Helpman et al. (2012), however, demonstrate that within occupations inequality (for
which the HOS framework is silent) increased in Brazil after trade liberalization.

4 Dix-Carneiro andKovak (2015) provide empirical evidence on the slow adjustment of
labormarkets in Brazil following trade liberalization. Theirwork focuses on labor realloca-
tion across regions and between the formal and informal sectors, instead of labor realloca-
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firms. This makes our analysis complementary with recent work em-
phasizing within-industry reallocation, such as Helpman et al. (2010).

In steady state, workers never switch sectors and the model
replicates the standard HOS model. Yet when prices and wages adjust
in response to a trade shock, sector-specific human capital generates
endogenous rigidities. Although all workers have the opportunity to
switch sectors, not all do so and wages do not immediately equilibrate
across sectors. Young workers with little accumulated sector-specific
human capital find the higher relative wages of the expanding sector
attractive enough to switch, whereas older workers withmore accumu-
lated human capital find it optimal to stay.

Our main finding is that most of the adjustment occurs not through
immediate labor reallocation but rather through the entry of new
generations of workers. Intuitively, the wage benefits of relocating to
the expanding sector diminish as the economy adjusts to its new steady
state, while human capital accumulated in the sector of previous
employment is permanently idled if a worker switches. Consequently,
even workers with a relatively small amount of accumulated specific
human capital in the shrinking sectorfind it optimal not to switch. Tech-
nically, we use approximation methods to prove that the number of
people who switch in response to a shock is second order in the price
change whereas the length of adjustment is first order in the price
change. Perhaps surprisingly, we show that the transition can be slower
when human capital accumulates faster. Given the small amount of
labor reallocation that occurs upon impact, the immediate effect of a
trade shock on factor rewards is tied to sector of employment and not
(as in the standard HOS model) to skill type. As the economy moves
toward the new steady state, the standard Stolper–Samuelson result
emerges whereby real wage changes are tied to skill type.

To relate our model to the current debate over the consequences of
imports of low-skill labor-intensive products, we consider a shock that
lowers the price of goods produced by the low-skill-intensive sector.
First, although sector specificity prevents some individual low-skill
workers in the shrinking sector from taking advantage of the higher
wages in the expanding sector, overall the slower adjustment benefits
low-skill workers because factors of production are kept longer in
the low-skill-intensive sector. Second, a policy, financed by high-skill
workers, which subsidizes workers of both types who switch sectors
reduces the welfare of some of the low-skill workers who do not move
by accelerating the transition.1 This general equilibrium impact can be
large enough to decrease the aggregate lifetime income of all low-skill
workers alive at the time of the shock. This result continues to hold if
one considers a retraining program that allows workers to keep part of
their sector-specific human capital when switching sectors. Finally,
there are distributional consequences across generations. For instance,
low-skill workers in the high-skill intensive-sector who are old enough
benefit from the decrease in the price of the low-skill-intensive good.

In two extensionswe include physical capital and nonpecuniary sec-
tor preferences. For both extensions, most of the adjustment still occurs
through the entry of new generations. We show that the transition is
slower when physical capital is general instead of sector-specific. We
also show that larger gross flows (generated by nonpecuniary sector
preferences) further delay the transition to the new steady state but
cause more reallocation upon the shock's impact.

To illustrate the workings of ourmodel, we calibrate two versions of
the model to data from the United States. We divide US manufacturing
into two sectors of similar size according to their skill intensity. First, to
stay as close as possible to the theoretical setting, we ignore capital and
simulate a trade shock that reduces the price of the low-skill sector's
product by 1%. The numerical results show a relatively long transition: it
takes 2.11 years for low-skill wages and 7.41 years for high-skill wages
to be equalized again.Moreover, the number ofworkers switching sectors
in response to the trade shock is very small: only low-skill (resp. high-
skill) workers with experience less than 0.04 years (resp. 0.27 years)
1 Because there are no inefficiencies in the economy, such a subsidy also reduces output.
switch sectors. Yet, since the difference in skill intensity across sectors is
small, the reallocation predicted in this Heckscher–Ohlin model for such
a small price change seems counterfactually large. Therefore, we also cal-
ibrate themodel with sector-specific capital. This allows us to study large
price changes and we find that, in this case, even for a 20% price change,
the initial reallocation of workers represent less than a quarter of the
steady-state reallocation.

Our results relate to a large empirical literature, typically based on
the HOS-model, on the distributional consequences of exposure to
international trade, both in developing and developed countries. For de-
veloped countries, Slaughter (2000) surveys an extensive literature of
the 1990s on the role of international trade in explaining rising US in-
equality by correlating changes in the relative producer prices of low-
skill intensive goods with relative wages of low-skilled workers as pre-
dicted by the Stolper–Samuelson theorem. He documents a limited sup-
port for the Stolper–Samuelson predictions especially in the 1970s, but
argues that themethodologyused is too limited tomakefirmconclusions.
Yet, other authors find that trade played amore substantial role in the in-
crease in inequality in developed countries, andWood (1995) argues that
methodology choices in computing the factor content of trade consider-
ably affect the estimated impact of trade on inequality. Goldberg and
Pavcnik (2007) survey the literature on developing countries and docu-
ment that in general labormarket adjustments are sluggish and trade lib-
eralizations have not led to the reductions in income inequality predicted
by factor endowment trade models. Though the limited labor mobility
seems to contradict the central tenets of HOS theory and to undermine
the empirical relevance of the HOS theory, our model suggests that a
lack of labor reallocation and the presence of sector wage premia on
impact are fully consistentwith aHOS framework that incorporates rigid-
ities. In fact, Robertson (2004) shows that the Stolper–Samuelson predic-
tions emerge starting 3–5 years after a trade shock in Mexico.2 Similarly,
Gonzaga et al. (2006) find Stolper–Samuelson effects in Brazil.3 Mayda
and Rodrik (2005) show that both in developed and developing countries
preferences over trade policy are in line with HOS theory, another indica-
tion that in the long-run the Stolper–Samuelson theorem holds. Our
model provides some guidance for evaluating the time horizon at which
Stolper–Samuelson effects might become important.

The model presented here also relates to a literature that examines
the short-run dynamics of trade adjustment (Matsuyama, 1992, as
mentioned, and Mayer, 1974; Mussa, 1978, and Neary, 1978, who ana-
lyze limited capital mobility). Yet only recently have efforts been
made to incorporate sluggish labor adjustment into theoretical trade
models. Most of these efforts – some of which include sector-specific
human capital – focus on structurally estimated or calibrated models.
For instance, Artuç et al. (2010) structurally estimate a dynamic rational
expectations model of labor adjustment in which nonpecuniary idio-
syncratic shocks in moving costs are the sole source of rigidities. Their
model does not feature entering generations and sector-specific
human capital, which (as we show) can endogenously generate rigidi-
ties for pecuniary reasons. Kambourov (2009) shows in a calibrated
model that, in the presence of sector-specific human capital, firing
costs reduce the benefits from trade liberalization. Closer to our work,
Coşar (2013) calibrates a model with overlapping generations, sector-
specific human capital, and job search, and Dix-Carneiro (2014) esti-
mates a structural model with overlapping generations, sector-specific
human capital, and switching costs.4 To complement this literature,
tion across tradeable sectors. Yet, their results are consistent with a model where factors
are initially sector-specific and adjust slowly.
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we focus on deriving sharp analytical predictions from a parsimonious
dynamic HOS model in which the only impediment to labor mobility
is sector-specific human capital. We discuss in more detail how these
two papers compare and relate to our work in the main text.

The paper is organized as follows. In Section 2 we outline the model
and derive the steady-state equilibrium. In Section 3 we analyze the
transitional path, and in Section 4 we discuss the welfare implications
of sector-specific human capital and its impact on the role of a trade ad-
justment policy. Section 5 presents two extensions featuring physical
capital and nonpecuniary sector preferences. In Section 6, we calibrate
and simulate the model, and Section 7 concludes. The main proofs and
details on the calibration can be found in Appendix A, the remaining
proofs are in Appendix B, which is available online.

2. The model

2.1. Production technology

We build a dynamic version of the standard, small open economy,
HOS model. Time is continuous. At each point in time, two goods
(indexed by i = 1,2) are produced competitively using two factors of
production: low-skill and high-skill human capital. We denote the
stock of low-skill and high-skill human capital in sector i by Li and Hi,
with per-unit wages ofwi and vi, respectively.5We assume that the pro-
duction functions Yi = Fi(Li, Hi) are concave, exhibit constant returns to
scale (CRS), are twice differentiable, and haveweakly positive cross par-
tial derivatives (∂2Fi / ∂Li∂Hi ≥ 0). We use FiZ to denote the derivative of
the production function in sector i with respect to factor Z∈{L, H}.

Sector 1 is assumed to be high-skill intensive at every wage ratio. Let
good 1 be the numéraire and let the price of good 2 be p, which is set
exogenously at the world price. Competitive labor markets imply that
human capital is paid its marginal product, and competitive goods
markets imply that prices equal marginal costs.

To this standard framework we add overlapping generations of
workers who accumulate nontransferable sector-specific human capital
in their sector of employment. The stock of specific human capital for an
individualworker in a particular sector is given by the (weakly) increas-
ing function xz(a) ≥ 0, Z∈{L, H}, where a is the amount of time for which
theworker has accumulated human capital in a given sector.6 Note that
the accumulation functions are different across types but the same
across sectors. Our results can be generalized without affecting any of
the qualitative results to accumulation functions which differ across
sectors. The wage of a low-skill worker of experience a in sector
i = 1,2 is thus wixL(a), while the wage of a high-skill worker of the
same experience is vixH(a). Complete nontransferability implies that a
sector switcher must start over from xz(0), although the worker could
employ human capital accumulated in his previous sector if he moved
back. Labor within a given skill type is perfectly substitutable, so the
total stock of human capital is the sum of the human capital for all
workers employed in the sector.

This setup is motivated by findings in the labor economics literature
that sector-specific human capital is important. Neal (1995) uses US
data from displaced worker surveys to compare workers who are
displaced and switch sectors with those who do not. He finds that the
semi-elasticity of the wage loss at displacement with respect to tenure
is 2–3 times as high for industry switchers. Neal also shows thatworkers
who switch jobs but stay in the same sector are rewarded for their
5 Although wi and vi technically denote the returns to a unit of human capital, we will
abuse language slightly and refer to them as “low-skill wages” and “high-skill wages”,
respectively.

6 There is some debate in labor economics over the relative importance of sector and
firm-specific human capital. If wewere to include firm-specific human capital, then issues
of bargainingwould arise. Sincewe deliberately adhere closely to assumptions of the orig-
inal HOSmodel—including that of perfect competition in the labormarket—we focus sole-
ly on sector-specific human capital. Yet the effects derived here would also be present in a
model with firm-specific human capital.
previous tenure as if it were seniority within their new firm, providing
further evidence that an important component of human capital is
sector-specific. Similarly, Parent (2000) demonstrates that much of
the measured return to firm seniority loads on industry tenure when
it is included in a regression, and Kletzer (2001) shows that displaced
workers' earnings losses rise with tenure and age but are lower for
workers who stay in the same sector. In addition, Dix-Carneiro (2014)
structurally estimates that the returns to seniority are imperfectly trans-
ferable across sectors in Brazil.7

Each overlapping generation lives for T periods, and the population
grows at the rate of η N 0. Without loss of generality, we normalize the
size of the population of low-skill and high-skill workers born at time
t = 0 to 1 and H (respectively). For each type of worker Z∈{L, H}, we
denote by Zi(t) the mass of human capital of workers of skill type Z
who work in sector i∈{1,2}. To solve for the model in a convenient
form, we defined the normalized mass of human capital in sector zi(t)
(with z = l for low-skill workers and z = h for high-skill workers) as
the mass of human capital in sector i normalized by the size of the
population of low-skill workers born at time t; thus, z1(t) = Z1(t)/eηt.
Let nz(t) be the fraction of newborn workers of type Z who enter
sector 1 at time t . If nobody has moved during their lifetime, then

l1(t) = ∫0TnL(t − τ)e−ητxL(τ)dτ and h1 tð Þ ¼ H∫T0nH t−τð Þe−ητxH τð Þdτ
andwith analogous expressions for sector 2. Competitive labor markets
and CRS production functions imply that we can write wages as a func-
tion of normalized factors:

w1 tð Þ ¼ F1L l1 tð Þ;h1 tð Þð Þ and w2 tð Þ ¼ pF2L l2 tð Þ;h2 tð Þð Þ; ð1Þ

v1 tð Þ ¼ F1H l1 tð Þ;h1 tð Þð Þ and v2 tð Þ ¼ pF2H l2 tð Þ;h2 tð Þð Þ: ð2Þ

2.2. Preferences

In a natural extension of the static HOS model, all workers have
identical time-separable preferences with discount rate δ. The lifetime
utility of worker i at time t of age α with consumption profile
[C1i(τ), C2i(τ)]τ = t

t + T − α is given by

Z tþT−α

t
e−δ τ−tð Þu C1i τð Þ;C2i τð Þð Þdτ;

where u(C1, C2) is assumed to be homogeneous of degree 1 (aworker is
of age 0 when he enters the labor force). The consumption profile is
indexed by individual i because it can, in principle, depend on the
history of an individual's sectoral employment. Let P(t) be the ideal
price index associated with utility function u(·) and the prices of
consumption goods in period t. Workers choose their sector of
employment each period to maximize lifetime utility, which with
income [Wi(τ)]τ = t

t + T − α is

Z tþT−a

t
e−δ τ−tð Þ Wi τð Þ

P τð Þ dτ:

If prices are expected to be fixed over the lifetime horizon, then this
choice is equivalent to choosing the sector with the highest discounted
lifetime income at labor market entry.8
7 Kambourov andManovskii (2009) find a substantial return to occupational tenure. To
the extent that finely defined occupations differ across sectors, occupation-specific human
capital can be reinterpreted as a form of sector-specific human capital.

8 Our assumption that the utility function is homogeneous of degree 1 simplifies the
analysis by pinning down the interest rate to the pure time-discount rate δ. For small price
changes,which are the focus of our analysis, this assumption is innocuous (provided there
is a domestic assets market). See footnote 11.
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2.3. Steady state

As is standard, we consider only parameters for which there is not
complete specialization. Because the skill accumulation functions are
identical across sectors, incomplete specialization implies that steady-
state wages are equalized across sectors at wss and vss for low-skill
and high-skill workers, respectively. This, in turn, means that workers
never switch sectors, as doing so would result in a loss of human capital
without a higher wage per effective unit (therefore, the experience of a
worker in his sector of employment is the same as his age). The total
stock of normalized human capital is then lmax = ∫

0

Te−ητxL(τ)dτ for

low-skill workers and hmax ¼ H∫T0e
−ητxH τð Þdτ for high-skill workers.

Wage equalization across sectors implies that

wss ¼ F1L nLl
max

;nHh
max� � ¼ pF2L 1−nLð Þlmax

; 1−nHð Þhmax� �
; ð3Þ

vss ¼ F1H nLl
max

;nHh
max� � ¼ pF2H 1−nLð Þlmax

; 1−nHð Þhmax� �
: ð4Þ
9 A positive growth rate is required for mostly technical reasons. After T−max{aL, aH} time
ations takes a discrete jump for which new entering generations must compensate. Some popu
human capital from dying generations) that noworker would want to switch sectors again; in o
the sectors (for instance because of stochastic nonpecuniary sector preferences of workers) co
This steady state of the normalized model is isomorphic to the HOS
model. Hence, the Stolper–Samuelson theorem implies that, if p falls,
then the new steady state will feature an increase in production in
sector 1, an increase in the relative factor rewards to high-skill workers
v/w, and an increase in the relative use of low-skill workers in both
sectors. These results are stated formally as follows.

Lemma 1. The steady state equilibrium described by Eqs. (3) and (4) is
isomorphic to the HOSmodel's equilibriumwith lmax and hmax endowments
of factors. In particular, the Stolper–Samuelson theorem is replicated such
that, for a price change from p to p′ with p′ b p,

wss0−wss

wss b
p0−p
p

b 0 b
vss

0−vss

vss
;

where vss′ and wss′ are the respective steady-state values of high- and
low-skill wages for price p′.
3. Transitional dynamics

3.1. Description

This paper's principal contribution consist of analyzing the transition between the two steady states. For expositional clarity, we consider an
unexpected instantaneous and permanent downward shift (at time 0) in the price of the good produced by the low-skill-intensive sector (sector
2) from p to p'.

We conduct our analysis with the aid of Fig. 1, which plots the isocost curves defined by 1= c1(w1, v1) and p= c2(w2, v2) as implied by the zero-
profit conditions. The initial steady state is at point A, where v1 = v2 = vss and w1 = w2 = wss. A well-known property of such cost curves is that
the perpendicular vector at a given point gives the relative use of factors; the flatter slope of the vector associated with sector 2 reflects this sector's
beingmore low-skill intensive than sector 1. A drop in prices in sector 2 to p′moves the isocost curve associatedwith sector 2's zero-profit condition
southwest; hence, for a given allocation of labor, wages for both types in sector 2 decline proportionally. The eventual steady state is then given by
point C, which implies higher relative wages for high-skill workers (i.e., the standard Stolper–Samuelson theorem described previously).

The following proposition characterizes the transitional phase for a small price change from p to p′.

Proposition 1. For a (small) price drop from p to p′ (with dp ≡ p′ − p b 0), there exists an equilibrium fully described by the wage paths
(w1(t),w2(t), v1(t), v2(t))t = 0

∞ and the tuple {t1, t2, aL, aH}, where the following statements hold.
• There is a worker of age aZ (Z∈{L, H}) in sector 2 who is indifferent between moving and not moving. All workers of type Z who are younger than aZ in
sector 2 move to sector 1; all older workers remain.

• Workers move only on impact of the trade shock at t = 0.
• The time at whichwages are equalized first is given byw1(t1)=w2(t1) and v1(t2)= v2(t2). Moreover, w1(t)=w2(t) for all t ≥ t1 and v1(t)=v2(t) for all
t ≥ t2.

• The equilibrium maximizes the present value of production.
Proof. See Section A.1 in the Appendix. ■

The proof is given formarginal price changes and requires a positive population growth η N 0.9 In Section 6,we establish that the sameequilibrium
exists for reasonable parameter values with nonmarginal price changes. We provide intuition for the structure of the equilibrium here.

First, the transition to the new steady state cannot be immediate. If it were, then a sufficient number ofworkerswould switch sectors forwages to
equalize across sectors. In that case, someworkerswould experience a loss in human capital without an offsetting increase inwages and so themove
for themwould not have been optimal. Second, therewill be some sector switching at time 0. This is because the youngestworkers have little human
capital to lose by switching from sector 2 to sector 1, so a difference inwages, (as implied bynoninstantaneous adjustment)will lead someworkers to
move.

The equilibrium is efficient in the sense that it maximizes the present value of production from time 0 to infinite (if δ N η, this present value of
production is infinite, but the equilibrium still maximizes the present value of production from time 0 up until any time t ≥ T).

These two points can also be illustrated using Fig. 1. As already mentioned, point A gives the original steady state. During the transition, the
economy will be described by two points, one for each sector on its corresponding isocost curve, until wages are again equalized. If there were no
immediate reallocation, then wages in sector 2 would be given by point B and there would be a proportional drop of dp/p in both low- and high-
skill wages in that sector. Instead, since there is some reallocation on impact, the economy jumps to point B′, which is “near” point B in a sense to
periods, when the first movers are dying out, the loss of human capital from dying gener-
lation growth ensures that the entering generation is large enough (relative to the loss of
ur simulations, a growth rate of 2%was sufficient. Alternatively, some gross flow between
uld be used to circumvent the problem.



Fig. 1. Transition paths along the cost curves. Notes: The wage paid to a unit of low-skill human capital isw and the wage paid to a unit of high-skill human capital is v. The economy is
originally in a steady state at point A, at the intersection of the two loci alongwhich price equalsmarginal cost in each sector. Sector 1 is high-skill intensive. A trade shock causes the price
of the good produced by sector 2 to drop. On impact, wages in sector 2 shift to point B′ (andwages in sector 1 to point A′). As new generations enter, the economy transitions along the two
cost curves (as indicated by the arrows) to reach the new steady state at point C.
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bemade precise shortly (although B′ is to the northwest of B in Fig. 1, the opposite positions are possible). Wages in sector 1 are described by a point
A′ near A. The equilibrium wages in the two sectors eventually transition along each sector's respective isocost curve until point C, the new steady
state.10 As neither high-skill nor low-skill wages can be instantaneously equalized, v1(0) N v2(0), w1(0) N w2(0), and B′ lies to the southwest of A′.
Since we consider an equilibrium in which once wages have been equalized they remain equalized, the equilibrium point in sector 2 must always
lie weakly southwest of the equilibrium point in sector 1, and v1(t) ≥ v2(t) and w1(t) ≥ w2(t) at all points.

Define the ages of the low-skill and high-skill workers who are indifferent to moving as aL and aH, respectively. These ages are given by:

Z T−aL

0
w1 τð ÞxL τð Þe−δτdτ ¼

Z T−aL

0
w2 τð ÞxL aL þ τð Þe−δτdτ; ð5Þ

Z T−aH

0
v1 τð ÞxH τð Þe−δτdτ ¼

Z T−aH

0
v2 τð ÞxH aH þ τð Þe−δτdτ; ð6Þ

here the left-hand (resp., right-hand) side equals the lifetime earnings associatedwith switching to sector 1 and (resp., staying in sector 2). Aworker
older than the indifferent worker will lose more sector-2-specific capital and would have fewer years to enjoy the higher wages in sector 1; hence he
will remain in sector 2. Similar logic implies that all workers younger than the indifferent worker will switch.

Becausewages are not completely equalized on impact, all newworkerswill enter sector 1 for some time. Low-skill (resp. high-skill) workerswill
do so untilw1(t) ≥w2(t) (resp. v1(t) ≥ v2(t)) which by definition occurs first at t= t1 (resp. t= t2).Without loss of generality, we consider parameter
values for which t1 b t2. Doing so implies that the normalized stock of low-skill human capital in sector 1 at time t ≤ t1 can bewritten as the sumof the
mass of existing workers prior to time 0 (term 1), the mass of workers that move at time 0 (term 2), and newly born workers who all enter sector 1
until wages are equalized at time t1 (term 3):

l1 tð Þ ¼;nL

Z T

t
e−ητxL τð Þdτ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}
term 1

þe−ηt 1−nLð ÞxL tð Þ
Z aL

0
e−ητdτ|fflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflfflffl}

term 2

þ
Z t

0
e−ητxL τð Þdτ|fflfflfflfflfflfflfflfflfflfflfflffl{zfflfflfflfflfflfflfflfflfflfflfflffl}

term3

ð7Þ

for 0 ≤ t ≤ t1. The mass of low-skill human capital in sector 2 is given by the mass of those who stay, l2 ¼ 1−nLð Þ∫TtþaL e
−ητxL τð Þdτ . Equivalent

expressions hold for high-skill workers whose wages are equalized at t = t2.
The transition can therefore be split into three phases. In phase I (t b t1)we havew1(t) ≥w2(t) and v1(t) ≥ v2(t), and newworkers enter only sector

1. In phase II (t1 ≤ t b t2),w1(t) ≥w2(t) and v1(t) ≥ v2(t); in this phase, low-skill workers enter both sectors (and so keep wages equal across sectors)
while high-skill workers enter only sector 1. In phase III (t2 ≤ t) we havew1(t) ≥w2(t) and v1(t) ≥ v2(t), and the allocation of entering workers across
sectors ensures that wages remain equalized for both types.
10 Point C describes thewages of the new steady-state, but thesewages are reached before all variables reach their new steady state levels. The Rybczynski theoremguarantees that, once
wages are equalized, they will remain so until human capital reaches its maximum level and the new steady state is reached.
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It is worth noting that, in each phase, themodel is isomorphic to a series of well-studiedmodels in trade theory. During phase I, themodel is iso-
morphic to a series of models with completely sector-specific factors. During phase II, it is isomorphic to a series of Jones (1971) models. Finally, in
phase III it is isomorphic to a series of HOS models.

3.2. Adjustment through new generations

To assess the extent to which the adjustment to the new steady state occurs by workers switching sectors versus new generations entering the
workforce in one sector only, we use a Taylor expansion to obtain explicit expressions for the age of the indifferent workers as well as the time until
wages are equalized. We formalize the results as follows.

Proposition 2. Given the price change described in Proposition 1, the following statements hold.
• The times until equalization of wages t1 and t2 are of first order in dp. If t1 b t2, then t1 is given by

t1 ¼ wss

1−nLð ÞxL 0ð Þ w1L þw2L½ � þ 1−nHð ÞxH 0ð ÞH w1H þw2H½ �
dp
p

þ o dpð Þ; ð8Þ

where wiZ denotes the derivative of low-skill wages in sector i = 1,2 with respect to labor type Z∈{L, H}.
• The ages of the indifferent workers aL and aH are of second order in dp. If t1 b t2, then aL is given by:

aL ¼ −
xL 0ð Þt1

2
Z T

0
e−δτx0L τð Þdτ

dp
p

þ o dp2
� �

: ð9Þ
Proof. See Section A.1. ■

Similar expressions hold for the age aH of the indifferent high-skill worker and the time t2 at which high-skill wages are equalized; these expressions
are derived in the Appendix.11 Symmetric expressions hold when t1 N t2. The age of the indifferent worker is of second order whereas the time until
wages are equalized again is of first order, which implies that most of the adjustment is driven by entry. Formally, the total amount of low-skill

human capital reallocated in steady-state is first order in the price change and can be written as dlss1 ¼ v1Hþv2Hð Þwss−vss w1Hþw2Hð Þ
v1Hþv2Hð Þ w1Lþw2Lð Þ− w1Hþw2Hð Þ2

dp
p , while the mass

of low-skill human capital moving upon shock is given by aL(1 − nL)xL(0). Hence the initial adjustment's share of total labor reallocation for low-skill
workers, XL, is given by

χL ¼
−xL 0ð Þwss v1H þ v2Hð Þ w1L þw2Lð Þ− w1H þw2Hð Þ2

� � dp
p

þ o dpð Þ

2
Z T

0
e−δτx0L τð Þdτ v1H þ v2Hð Þwss−vss w1H þw2Hð Þð Þ w1L þw2L þ 1−nHð ÞxH 0ð Þ

1−nLð ÞxL 0ð Þ H w1H þw2Hð Þ
� � ; ð10Þ

which isfirst-order and increasing in the price change (and so is the equivalent term for high-skillworkers). In otherwords,whereasMatsuyama (1992)
exogenously imposes that no workers can reallocate, we endogenously derive that few will do so. The endogenous choice of reallocation has the addi-
tional benefit of enabling us to analyze policy designed to increase the number of workers that reallocate on impact (see Section 4.3).

To understand the intuition behind this result, consider the indifferent low-skill worker's costs and benefits ofmoving to sector 1, which are plot-
ted in Fig. 2. The benefits are a higher wage per unit of human capital until time t1, whenwages are again equalized. Because thewage difference and
the time until wages equalize are both first order in the price change, these benefits will be second order in that price change. The costs are a lower
level of sector-specific human capital, and—since a worker has no incentive to switch back—they represent, in effect, a permanent loss of this human
capital. The costs are thus first order in the age of the worker at the time of the trade shock. The age of the indifferent worker equates costs and
benefits; therefore, whereas t1 is of first order in the price drop, the age of the indifferent worker is second order in that price change.12 The assump-
tion of rational expectation plays a crucial role here: it is because workers correctly anticipate that the wage gap will quickly close that very few
workers move. Alternative assumptions about expectations could make the mass of switchers first order.

Eq. (8) follows from noting that the low-skill worker wage differential created on impact is given bywssdp/p and that the denominator in Eq. (8)
captures the effect on this wage differential of the inflow of new generations. The adjustment time depends on the share of people already allocated
to sector 2, the production function, and the human capital accumulation function.

Perhaps surprisingly, more rapid sector specific human capital accumulation can have a negative effect on the speed of adjustment. This follows
because a faster accumulation of human capital has two opposing effects on the speed of transition. After a move, switchers accumulate new human
capital more quickly. Yet, since all workers accumulate human capital faster, the total stock of human capital in the economy is higher, such that any
given change in human capital has a smaller impact on relative wages. Asmost of the adjustment occurs through entry, the transition periodmust be
longer. To see that the second effect can dominate, consider the special case in which the high-skill and low-skill capital accumulation functions are
proportional—that is, xH = γxL for γ a constant; then replace the low-skill capital accumulation function with some x̂L að Þ≥xL að Þ, where x̂L 0ð Þ ¼ xL 0ð Þ
and x̂L Tð Þ ¼ xL Tð Þ, and replace the high-skill capital accumulation functionwith x̂H ¼ γx̂L. Such a function implies the same initial and terminal levels
of human capital, but faster accumulation. Sincew1L= F1LL(nLlmax, nHhmax) is the second derivative of a CRS production function, it is homogenous of
degree −1. Hence, the change in capital accumulation function from (xL, xH) to x̂L; x̂Hð Þ will increase and lmax and hmax proportionally and thereby
11 With a more general homothetic function and domestic asset markets, the proposition still holds if one replaces δ with the steady-state interest rate in Eq. (9).
12 The result that fewpeoplemovedoesnot dependon thepermanent and unanticipatednature of theprice shockweare considering. If the price changewere perceived to be temporary
then the incentive to move would be even lower.



Fig. 2. Intuition for aL being of second order. Notes: The shaded area in the upper panel shows the benefits of switching (a higherwage in sector 1 relative to sector 2) while the shaded are
in the lower panel shows the costs (forgone accumulated human capital). This explainswhy few individualsmoveon impact: the benefits are secondorder in theprice change but the costs
are first order. For the shaded areas to be equal, the number of switchers must be small.

132 A. Guren et al. / Journal of International Economics 97 (2015) 126–147
decreasew1L, w2L, w1H,w2H and increase the time until wages are equalized. This comparative static extends to t2, the time at which wages of high-
skill workers are equalized.13

Eq. (9) results from noting that a first-order approximation to the accumulated wage difference is 1/2 × t1w
ssdp/p per unit of human capital

(which is close to xL(0) for the indifferent worker) while a first-order approximation to the loss is given by aLw
ss∫

0

Te−δτxL′(τ)dτ since, for every sub-
sequent period, theworker's human capital will be lower by xL′(t)aL. Faster accumulation of human capital has an ambiguous effect on the number of
people moving. As explained previously, it increases t1 but also increases the denominator of Eq. (8) if the time discount rate is positive: ∫

0

Te−δτxL′(τ)′
dτ N ∫

0

Te−δτxL(τ)′dτ if δ N 0. When human capital increases faster, losing a given level of experience represents a bigger loss of human capital in the
short run and a smaller loss in the long run; with positive discounting, the initial bigger loss matters more. Even so, the initial adjustment's share
of total labor reallocation increases when the learning curve becomes steeper.14

Further insight into the transition process can be gained by considering the special case of CES production functions. When the elasticity of
substitution, σ, is the same in both sectors, Eq. (8) can be written as

t1 ¼
−σ

dp
p

1−nLð ÞxL 0ð Þ
lmax

θ1H
nL

þ θ2H
1−nL

	 

−

1−nHð ÞxH 0ð ÞH
hmax

θ1H
nH

þ θ2H
1−nH

	 
þ o dpð Þ; ð11Þ

where θiH is the factor share of high-skill workers in sector i= 1,2. Consider the first term in the denominator. Each period, a fraction (1− nL)
xL(0)/lmax of low-skill human capital is reallocated from sector 2 to sector 1 through the death of old and the entry of new generations. This
reduces low-skill wages in sector 1 and increases them in sector 2. The relative importance of these two effects in closing the low-skill
wage gap across sectors is captured by the relative importance of θ1H/nL and θ2H/(1 − nL). As is standard, the effect on low-skill wages from
changes in relative factors depends on the factor share of high skill workers, θiH, but the original allocation of low-skill workers is crucial: if
nL is close enough to 1 that most low-skill labor was initially allocated to sector 1, then the reallocation from sector 2 has little effect on
sector-1 wages and so most of the adjustment in the wage gap comes from sector 2. The second term in the denominator captures the reallo-
cation of high-skill workers. The interpretation is analogous except that the term is negative because the reallocation of high-skill workers to
sector 1 widens the low-skill wage gap. Since the adjustment transpires through changes in factor intensity, the elasticity of substitution, σ,
plays a crucial role. For higher σ, any change in factor intensity is associated with a smaller change in wages and thus, a longer adjustment time.

Ourmodel shows that the absence of short-run labor reallocation does not mean that Heckscher–Ohlin forces are unimportant. This is consistent
with empirical research such as Revenga (1992) and Artuç et al. (2010)who find substantial inter-industry labor reallocation for the United States at
a 5 years horizon. In developing countries, labor reallocation tends to take more time, as additional sources of rigidities are likely to play a larger
role.15
13 This result is formally proved in Appendix B.2. An analogous argument demonstrates that the length of the transition is decreasing in the rate of population growth ηwhen the accu-
mulation function is identical across sectors.
14 The transformation of xL into x̂L does not affect the second fraction in (10), soχL increases. One can easily demonstrate thatχH also increaseswhen the learning curve becomes steeper.
15 For instance,Wacziarg andWallack (2004) consider 25 episodes of liberalization acrossmany countries andfind, over 2–5 year horizons, no evidence of labor reallocation at the 1-digit
level and onlyweak evidence at the 3-digit level. Topalova (2010)finds very limited labor reallocation in India, partly because of very rigid labor laws.Menezes Filho andMuendler (2011)
study Brazil's trade liberalization using linked employer–employee data and find that trade liberalization induces job displacement; however, exporters in comparative advantage sectors
hire fewerworkers in the short term, which results in a slow labor reallocation process. Goldberg and Pavcnik (2007) review the literature on trade liberalization in the developingworld
and show that, in almost every case, labor reallocation in the short run was extremely limited.
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In addition, the model predicts that young workers are more responsive to trade shocks, which is consistent with the data. Kletzer (2001) shows
thatworkerswith low tenure are considerablymore likely to be displaced as a result of product competition from imports.More generally, ourmodel
predicts that the net flows of workers between sectors is more sensitive to wage differentials for younger workers. Artuç et al. (2010) structurally
estimate a model which does not feature sector-specific human capital; they find cost of switching sectors that are around 30% lower for young
workers than old workers.16

Closer to our work, Dix-Carneiro (2014) structurally estimates a dynamic Roy model with high- and low-skill labor, multiple sectors, capital, a
labor supply decision, moving costs, and human capital that is imperfectly transferable across sectors. He matches gross flows across sectors by in-
cluding idiosyncratic productivity and taste shocks. Themodel is estimated usingmatched employer–employee data from Brazil. He finds a substan-
tial role for sector-specific human capital with yearly accumulation rates of around 4 to 9%. He simulates a trade shock of a 30% reduction in tariffs on
the high-tech industry and finds a relatively large and fast labor reallocation, with 80% adjustment after only three years. Relative to our analysis, two
reasons can explain this quick reallocation. First, the price shock is large (the reallocation is slowerwhen he considers a 10% price shock). Second, the
trade experiment is performed on the sector for which human capital is most easily transferred to other sectors.

Similarly, Coşar (2013) builds an overlapping generationsmodel, which features both search frictions and sector-specific human capital, and then
calibrates this model using aggregate data from Brazil. Coşar's quantitative results suggest that sector-specific human capital is critical to explaining
the sluggishness of the transition.

Note that the result that reallocation on impact is secondorder in the price changewould apply inmore general settings than that of a HOSmodel.
Any model with overlapping generations and perfect foresight where reallocation costs are not proportional to the price change would feature this
result.
4. Welfare implications

The structure of the model allows us to conduct welfare analysis
across sectors, skill types, and generations. We begin in Section 4.1 by
analyzing the effects on real factor rewards. In Section 4.2 we turn to a
welfare analysis that compares our model economy to one in which
human capital is not sector specific. Finally, in Section 4.3, we consider
the role of trade adjustment assistance.

4.1. Real factor rewards

Since few workers switch sectors in the immediate aftermath of the
trade shock and since our model replicates the HOS model in the long
run, the following corollary holds.

Corollary 1. Consider a price change and equilibrium as described in
Proposition 1. Then, for small price changes:

• in the short run, wages are tied to sector of employment and move
proportionally with price;

• in the long run, wages are tied to the type of skill and so the Stolper–
Samuelson theorem applies.

Consequently immediately after a price shock, the real wage of
workers in sector 1 (including those who moved) will be higher than
without the shock, irrespective of their skill level. Similarly, all workers
in sector 2 will have a lower real wage than without the trade shock.
This occurs because the wage change is first order in the price change,
while the reallocation of workers is second order. Therefore, for small
price changes, the direct effect of the price change dominates the
indirect effect going through workers' reallocation. Once wages are
equalized, however, the Stolper–Samuelson result applies; therefore
starting at some time before wages are equalized for both skill types,
all high-skill workers will have a higher real wage than without the
price shock and the opposite will hold for low-skill workers. Hence,
old workers from sector 1 benefit from the price change and old
16 Kambourov (2009) finds that industrymobility decline sharplywith age in theUnited
States: over the time period 1969–1997, they estimate a probability of switching industry
at the 2-digit level of 21.3% per year for 23–28 year old high-skill workers (that is workers
with at least some college education), but a probability of switching of 4% for 47–69 year
old high-skill workers (for unskilled workers the corresponding numbers are 25% and
4.8%). These estimates are for steady-state grossflows though andare therefore not direct-
ly comparable with our analysis.
workers from sector 2 lose from it; whereas whether young workers
lose or gain depends on their skill type. In fact, several papers have re-
ported that real wages do not follow Stolper–Samuelson's prediction
in the short run (see the survey byGoldberg and Pavcnik, 2007). Our re-
sults show that this finding does not preclude the Stolper–Samuelson
theorem from accounting accurately for the welfare consequences of
trade liberalization for most of the population (as mentioned in the
introduction, this is in line with Robertson, 2004, who find Stolper–
Samuelson effects at a 3–5 years horizon, and with Mayda and Rodrik,
2005, who find that political preferences regarding trade policies fall
along Stolper–Samuelson's predictions).

It also follows from the corollary that the skill premium controlling
for the industry of employment does not change on impact, yet the
economy's overall skill premium increases since the trade shock favors
the high-skill intensive sector. As the economy moves towards steady-
state, the aggregate skill premium increases further (the within sector
dynamics are quite complicated, and we will return to them in
Section 6).

Here the supply of skills has been kept exogenous. In a HOS model
where the proportion of high-skill and low-skill workers is endogenous,
for instance because of heterogeneous costs of schooling, an increase in
the skill premium would be associated with an increase in the share of
high-skill workers. This, however, would not affect the steady-state
skill premium, which is entirely determined by international prices,
and therefore is the same whether the supply of skills is endogenous
or not. In our model with sector-specific human capital, similar
dynamicswould apply, but, since the skill premium increases gradually,
the share of high-skill workers would also increase gradually until max
(t1,t2).
4.2. Comparison with a model of general human capital

In order to identify thewinners and losers from the nontransferability
of human capital, we compare our economy with one in which any
accumulated human capital is general and can costlessly be utilized in
both sectors. Such an economy features instantaneous adjustment to
the new steady state and, since all human capital is fully transferable,
the model is isomorphic to the standard HOS model at all times. We de-
fine the aggregate welfare of a generation as the sum of the discounted
lifetime income of all its members. Then, following an unanticipated
and permanent price shock, the aggregate welfare of a given generation
born before the price change must be lower under sector-specific than
under general human capital. In the context of a model with general
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human capital, the allocation of the sector-specific human capital model
is equivalent to a misallocation of factors.17

Proposition 3. For an unanticipated permanent price drop in the low-
skill-intensive sector's product:

• all low-skill workers are better-off in the economy with sector-specific
human capital than in the economy with general human capital; and

• all high-skill workers are worse-off in the sector-specific human capital
economy than in the economy with general human capital.

Proof. See Section A.2. ■

The transition created by the nontransferability of human capital
“protects” low-skill workers.18 It is noteworthy that even the low-skill
workers who switch sectors (and therefore lose sector-specific human
capital) are better-off with sector-specific than with general human
capital. The logic behind this result is based on Corollary 1: in the
sector-specific human capital economy, wages for low-skill workers
are at their lowest point in the long run (when the Stolper–Samuelson
theorem applies); in a general human capital economy, however, the
steady state is reached immediately. Proposition 3 suggests a qualifica-
tion to the typical argument that slow adjustment is costly for those in a
sector adversely affected by trade shocks. If we seek to make this
argument for the low-skill workers, then sector-specific human capital
and other factor rigidities are insufficient. One would need to add
other elements—such as unemployment and search frictions, from
which thismodel abstracts—in order to generate a decline in thewelfare
of low-skill workers due to a slow transition.

4.3. Trade adjustment assistance policy

To build further on this point, we next consider the impact of a relo-
cation program for workers willing to switch to sector 1; similar pro-
grams, which aim at accelerating the transition, are studied in Coşar
(2013) and Dix-Carneiro (2014). More specifically, we assume that
the government distributes some income with a present value SZ
to all workers of type Z who permanently switch from sector 2
to sector 1 at time t = 0.19 For simplicity, we focus on the case
where the accumulation functions are proportional to each other
(i.e. xH(t) = γxL(t)), and we assume that the sum received by both
groups is proportional to their steady-state wages, that is, there is
a subsidy coefficient s such that SL = sxL(0)wss and SH = sxH(0)vss.
The program is financed through lump-sum taxation on high-skill
workers. Because there are no inefficiencies in our economy, such
a program has a negative impact on output and so will hurt the econo-
my as a whole.

Assuming that s is first order in the price change and small enough
that full adjustment is not reached on impact, the structure of the
17 It further holds that the difference in totalwelfare is third order in the price change. By
the envelope theorem, a small factor misallocation has only a second-order effect on the
total value of production, and the factors are misallocated for only a short period of time
(until wages are equalized); hence the overall effect is of third order. The sector-specific
human capital economy suffers also from the loss of effective units of human capital that
results when workers who switch sectors must begin anew to accumulate human capital
in their new sector. However, this loss is only fourth order because themass of switchers is
second order and each switcherwill have accumulated only a second-order amount of hu-
man capital. Therefore, it is the indirect consequence—namely, the lack of mobility across
sectors—that explains most of the cost of human capital's nontransferability.
18 For a specific generation of a given skill type, the difference between its welfare in the
sector-specific human capital economy and its welfare in the general human capital econ-
omy is second order.
19 For simplicity we assume that the government does not differentiate between
workers of different ages, although doing sowouldnot change our results.We assume that
workers who switch back to sector 2 must reimburse the government; we could instead
assume that payments are distributed over time in such a way that workers never want
to move back. Finally, we assume that the income is distributed over time so that old
workers do not move simply to benefit from the subsidy just before dying.
equilibrium will be conserved. However, the number of workers
switching on impact is now first-off wages

aL ¼ aH þ o dpð Þ ¼ ξsþ o dpð Þ; ð12Þ

with ξ≡xL(0)(∫0TxL(τ)′e−δτdτ)−1. At first order, the age of the indifferent
worker is the same for high-skill and low-skill workers. As a result, such
a subsidy program simply shifts the transition process, so that the econ-
omy at time t is identical (at first order) to the economy without the
subsidy at time t+ ξs. Since low-skill wages are higher during the tran-
sition than in steady-state, this subsidy programhurts the group of low-
skill workers who do not directly benefit from it.20 For a small subsidy
only few low-skill workersmove and although the recipients of the pro-
gram benefit, the direct impact of the program on aggregate low-skill
income is small. In spite of the subsidy program being financed entirely
by high-skill workers, the aggregate income of low-skill workers can
suffer from it, as stipulated in the following proposition.21

Proposition 4. Consider a small price change, and assume that the subsidy
coefficient s is first order in the price change and that full adjustment is not
reached. Then the aggregate present value of lifetime income of all low-skill
workers alive at t = 0 is reduced by the subsidy if s is small enough.

Proof. See Section B.3. ■

For CES production functions, with the same elasticity between
high-skill and low-skill workers,22 the proposition can be extended to
a program which subsidizes the reallocation of low-skill workers rela-
tively more than that of high-skill workers, so that the subsidy coeffi-
cients obey sH b sL. In this case, the subsidy program is not equivalent
to a shift in the transition process, and low-skill workers who remain
in sector 2 might benefit from it (as high-skill workers do not leave
their sector as fast as low-skill workers). Yet, the negative impact on
low-skill workers from sector 1 outweighs the possibly positive impact
on low-skill workers from sector 2.

It should be clear that, although this analysis depends crucially on
the relative skill intensities of the two sectors, it does not hinge on
sector-specific human capital being the source of the rigid adjustment.
In a Heckscher–Ohlin framework, any subsidy program that succeeds
in more rapidly shifting the economy's resources to the skill-intensive
sector entails a general equilibrium effect that is detrimental to thewel-
fare of low-skill workers. More generally, this result demonstrates the
importance of bearing in mind the long-term effects of trade shocks
when assessing the implications of a subsidy for switching sectors. In
the United States, where trade shocks are usually considered to be det-
rimental to low-skill workers in the long-run, such programmight have
negative distributional consequences.

Both Dix-Carneiro (2014) and Coşar (2013) consider the welfare ef-
fects of a similar subsidy program in numerical models. Dix-Carneiro
(2014) finds that, although a switching subsidy reduces overall welfare
by introducing distortions, it does increase the welfare of low-skill
workers. This is line with our analysis because he considers a negative
price shock to high-tech manufacturing—a sector that is relatively high-
skill intensive—whereas we consider a shock to the low-skill-intensive
sector. If we had considered a negative price shock to the skill-intensive
sector, then the analogue of Proposition 4 would likewise have carried
through; we would have found a negative effect on high-skill workers
and a positive effect on low-skill workers, just as Dix-Carneiro does.
20 A small number of old low-skill workers who retire during the transition may benefit
from the program, as wages in sector 2 may be increasing during (0, min (t1, t2)).
21 Interestingly, the logic of this analysis can be extended to a retraining program that al-
lows workers to transform their sector 2-human capital into sector 1-human capital up to
some experience level ā. In contrast to the subsidy, the retraining program increases the
present value of production. However, beneficiaries from the program themselves might
lose from it since in the limit where ā is large enough, the economy is identical to the gen-
eral human capital case.
22 A weaker sufficient condition is that (1 − nL)w2L − nLw1L N 0 for t1 ≤ t2 or (1 = nL)
v2L − nLv1L b 0 otherwise.



23 Dix-Carneiro (2014) finds that the adjustment takes about the same amount of time
whether physical capital is mobile or sector specific. This case, however, involves full spe-
cialization. In an exercise with a lower price change of 10%—WebAppendixM— he finds
that perfect capital mobility implies a longer transition, as we do here.
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Coşar (2013) finds positive welfare effects for two reasons. First, he
does not consider the distinction between low- and high-skill workers,
so the unintended distributional consequences at the heart of ourmodel
are absent. Second, his model features an externality whereby workers
do not capture the full social benefit of their human capital. This makes
workers inefficiently reluctant to accept jobs,which slows down the ad-
justment period following a trade shock. This inefficiency can be partly
overcomeby the switching subsidy, which implies an increase in overall
efficiency. This rationale for a subsidy is not, however, specific to trade-
displaced workers; it applies equally to any subsidy that encourages
more search, a general point that is emphasized by Kletzer (2001).

5. Extensions

In this section we show that our results are robust to introducing an
additional factor of production, or nonpecuniary sector preferences that
generate bilateral flows of workers across sectors.

5.1. Physical capital

In this extension we allow for physical capital as a factor of produc-
tion. The production functions are now given by

Yi ¼ Fi Li;Hi;Kið Þ for i∈ 1; ;;2f g;

where Ki is the physical capital employed in sector i. We assume that
both functions are CRS with positive cross partial derivatives. The total
amount of physical capital increases proportionally with population.
We study two different cases, onewhere physical capital is entirely sec-
tor specific and one where it is fully transferable. In addition, Appendix
A.4 studies the case where capital is slowly movable between the two
sectors.

An equilibrium analogous to the one studied so far still exists in both
cases. In particular, the number of workers switching sectors upon im-
pact is second order whereas the time at which wages are equalized is
first order. When physical capital is sector specific, the expressions de-
rived in the case with no physical capital for the time t1 of adjustment
(8) and for the mass aL of low-skill workers who switch sectors (9)
are still valid, and so are the expressions derived for t2 and aH. When
capital is fully transferable, these expressions become (respectively)

t1 ¼
1−

w1K þw2Kð Þ
r1K þ r2Kð Þ

rss

wss

� �
wss dp

p
þ o dpð Þ

w1L þw2L−
w1K þw2Kð Þ
r1K þ r2Kð Þ r1L þ r2Lð Þ

� �
1−nLð ÞxL 0ð Þ

þ w1H þw2H−
w1K þw2Kð Þ
r1K þ r2Kð Þ r1H þ r2Hð Þ

� �
1−nHð ÞxH 0ð ÞH

0BB@
1CCA

;

ð13Þ

aL ¼ −
xL 0ð Þ 1−

w1K þw2Kð Þ
r1K þ r2Kð Þ

rss

wss

� �
t1

2
Z T

0
x0L τð Þe−δτdτ

dp
p

þ o dp2
� �

: ð14Þ

Here rss denotes the rental rate of capital in steady state, and r1X ¼
∂2 F1

∂K1∂X1
and r2X ¼ p∂2 F2

∂K2∂X2
for X ∈ {L, H, K} are the derivatives of the rental

rate of capital in each sector.
When the allocation of capital prior to the price shock is identical

in the sector-specific and fully transferable cases, comparing
Eqs. (8) and (13) shows that the transition time is longer when capital
is transferable. Since r1K+ r2K b 0 andw1K+w2K N 0, the term in paren-
thesis in the numerator of Eq. (13) is greater than 1. Moreover, as
r1L + r2L, r1H + r2H N 0, the denominator is less negative in Eq. (13).
Both imply a higher t1. Comparing Eqs. (9) and (14) also shows that
more low-skill workers switch sectors immediately after the trade
shock (and one can similarly show that more time is required for
high-skill wages to equalize). It is intuitive that the transfer of capital
from sector 2 to sector 1 increases the marginal product of the other
factors, so more high-skill and low-skill workers need to reallocate in
order to equalize wages. This directly increases the length of the transi-
tion period and the number of low-skill workers who switch sectors
upon impact of the trade shock.23

With more inputs than goods, the strict version of the Stolper–
Samuelson theorem (as in Lemma 1) no longer holds. However, when
physical capital is sector specific, we still get that low-skill workers are
hurt relatively more than high-skill workers when the price of good 2
decreases (wss/vss changes in the same direction as p). When physical
capital is mobile, then, if its intensity is the same in both sectors, low-
skill workers lose relative to high-skill workers when the price of good
2 decreases.

5.2. Nonpecuniary sectoral preferences

There is empirical evidence that gross flows across sectors—that
is, flows in both directions between sectors in the absence of
trade shocks—significantly outweigh net flows (see e.g. Davis and
Haltiwanger, 1992). In this section we augment our model with
nonpecuniary sector preferences that generate gross flows and show
that doing so does not significantly affect our qualitative results.

Workers of both types can be in one of three different “states”: bi-
ased states 1 and 2 and a normal state 0. Workers in the biased state i
receive a nonpecuniary benefit b N 0 per unit of time from working in
sector i (these nonpecuniary benefits may originate, for instance, from
geographical preferences if the two goods are produced in different
places). We assume that workers in state 0 move to either of the biased
states according to a Poisson process at a rate of λ/2 for each state;
workers in a biased state (1 or 2) move to the normal state at a Poisson
rate 1/2. To keep the problem tractable, we change the specification
slightly. First, workers do not have a fixed lifetime and do not discount
the future, but die at the Poisson rate δ. Second, workers who switch
sectors lose all the sector-specific human capital accumulated so far;
for example, if a worker from sector 2 with an accumulated experience
equal to a in that sectormoves to sector 1 and latermoves back to sector
2 then his sector-2 human capital reverts to nothing. There is no popu-
lation growth, theflowof newbornworkers is of size 1, and the accumu-
lation functions are such that xZ(t)e−δthas afinite integral over [0,∞) for
Z ∈ {H, L}. We also assume that the economy is initially in a steady state
in which the fraction of people in each state (normal or biased) is the
same across ages. This assumption implies that the share of entrants
in the normal state 0 is given by 1/(1 + 2λ) and the share in each of
the biased states by λ/(1 + 2λ). Finally, we assume that the
nonpecuniary benefits b are large enough that—in the equilibrium con-
sidered—all workers in state 1work in sector 1 and allworkers in state 2
work in sector 2.

In steady state, workers in the normal state choose a sector at birth
and remain in that same sector until they die or reach the biased state
corresponding to the other sector. The share of workers switching sec-
tors per unit of time is given byλ/(2(1+2λ)), so a higherλ is associated
with larger gross flows. Following a small one-time, unanticipated price
change, the equilibriumdescribed in Proposition 1 still exists butwith aL
and aHnow referring to the experience of the indifferentworker (instead
of to the age, since the two can now differ). It is still the case that if
workers in the normal state switch they will do so only at the time of



2�;

25 The analytical expressions given in Eqs. (8) and (9) for the timeuntil thewages of low-
skillworkers are equalized again (at t1) and for the sector-specific human capital of the in-
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the shock. The full solution to the problem is given in Appendix B.4.
When t1 b t2, the time until wages are equalized is given by

t1 ¼ wss 1þ 2λð Þ
1−nLð ÞxL 0ð Þ w1L þw2L½ � þ 1−nHð ÞxH 0ð ÞH w1H þw2H½ �

dp
p

þ o dpð Þ:

ð15Þ

This expression is identical to Eq. (8) except for the term (1 + 2λ).
The direct effect of a greater likelihood ofmoving from one sector to an-
other for nonpecuniary reasons is an increase in the transition time t1.
The reason is that only workers in the normal state can respond to the
incentive of awage differential, and the share of suchworkers decreases
with the rate λ at which workers leave the normal state.24 This analysis
also applies to the expression for t2 and the case where t2 b t1.

When t1 b t2, the experience of the indifferent low-skill worker is
given by

aL ¼ −
xL 0ð Þt1Z ∞

0
x0L sð Þ 1þ 1þ 4λ2

� �−1
2

� �
e−λ1s þ 1− 1þ 4λ2

� �−1
2

� �
e−λ2s

� �
ds

dp
p

þ o dp
�

ð16Þ

where λ1≡ 1
4 þ δþ 1

2λ−
1
4 1þ 4λ2
� �1

2 and λ2≡ 1
4 þ δþ 1

2λþ 1
4 1þ 4λ2
� �1

2.

The denominator of this expression is decreasing in λ, so a higher prob-
ability of switching sectors plays a role similar to a higher death rate (or
discount rate in the previous exercise): the loss of human capital
resulting from a sector switch is less costly when the worker is likely
to switch sectors again for nonpecuniary reasons. Thus the experience
of an indifferent worker necessarily increases in the frequency of
nonpecuniary shocks when t1 is increasing in λ. Overall, this exercise
suggests positive associations between larger gross flows (a large λ),
slower transitions (higher t1 and t2), and more workers reallocating
upon impact (greater aL and aH). Crucially, however, this extension
does not alter our conclusion that the number of workers who switch
sectors due to the price change is of second order in the price change.

In our set-up, an increase in λ is associatedwith a larger likelihood of
being in a biased state, which leads to larger intersectoral gross flows. It
is possible to dissociate the two by assuming thatworkers leave a biased
state at a Poisson rate λ/2, in which case, the share of workers in each
state is independent of λ in steady-state. Eq. (15) holds but replacing
(1 + 2λ) by 3, so that an increase in λ only affects the time until
which wages are equalized indirectly through its impact on nL and nH.

6. Simulations

6.1. Calibration

We supplement our analysis of a marginal price change by parame-
terizing the model to fit US data and then simulating the effects of a
non-marginal price change. For the quantitative analysis, it is important
to recognize that not all human capital is sector specific. Therefore, in
this section, we incorporate accumulation of general human capital
into the model by generalizing the human capital accumulation func-
tions to xL(a, θ) and xH(a, θ), both of which are functions of a (aworker's
experience in her current sector) and θ (her general experience). Both xL
and xH are weakly increasing in both arguments. An equilibrium analo-
gous to the one described previously exists and is characterized by a
24 There are indirect effects of λ as well which operate through its influence on the
steady-state allocation nL and nH of newborn workers and on the steady-state mass of
workers in each sector. Typically, an increase in λ means that a larger share of entrants
needs to be allocated to the larger sector so as to compensate for the future sector switches
caused by preference shocks.
cutoff value of sector-specific human capital aL (i.e., for low-skill
workers) given by

Z T−aL

0
w1 τð ÞxL τ; τ þ aLð Þe−δτdτ ¼

Z T−aL

0
w2 τð ÞxL τ þ aL; τ þ aLð Þe−δτdτ;

this equality replaces Eq. (5), with a similar expression for aH (the cutoff
for high-skill workers). Our previous analysis generalizes to this case.25

Before proceeding, we briefly describe our calibration (see Appendix
A.3 for additional details). To identify a high-skill-intensive and a low-
skill-intensive sectors we rank each two-digit-SIC US manufacturing in-
dustry by the share of its total wage bill accruing to college-educated
workers (which we identify as high-skill workers) based on data from
EU KLEMS (March 2008 release) for 2000. We define the industries
with the highest wage bill share for high-skill workers as sector 1 and
those with the lowest share as sector 2; the cutoff is chosen so that the
two sectors generate approximately the same value added. The gross out-
put of sector 1 is $2.27 trillion (US)with an averagewage bill share of 0.49
for high-skill workers, while the total output of sector 2 is $2.19 trillion
with an average high-skill wage bill share of 0.24. We obtain the ratio of
high-skill workers to low-skill workers (H) from the same data.

First, to remain close to the theory, we calibrate the initial
model without physical capital. However, with no long-run source
of rigidity and since the difference in skill intensity between the
two sectors is limited, this model (or a version with general physical
capital) would predict a counterfactually large amount of labor real-
location following moderate price-shocks, quickly leading to full
specialization. Therefore to study price shocks of 10 or 20%, we also
calibrate a version with sector-specific physical capital. The produc-
tion functions are assumed to be CES between low-skill and high-
skill workers in both sectors with the same elasticity of substitution
but different factor intensities, and, when present, physical capital
is combined with the labor aggregate using a Cobb–Douglas

aggregator, that is F1 ¼ A1K
β1
1 α1H

σ−1
σ

1 þ 1−α1ð ÞLσ−1
σ

1

� � σ
σ−1 1−β1ð Þ

and

F2 ¼ A2K
β2
2 α2H

σ−1
σ

2 þ 1−α2ð ÞLσ−1
σ

2

� � σ
σ−1 1−β2ð Þ

, with α1 N α2 since we have

assumed that sector 1 is high-skill intensive, and βi denotes the capital
share in production (0 in the baseline model). Without loss of generality,

we normalize A1 such that A1 K1 0ð Þð Þβ1 ¼ 1, assume that the total capital
stock at time 0 is equal to 2 and imposes that the rental rates of capital are
equal at time0 between the two sectors.We chooseσ=2,which is in the
range of commonly estimated values for the elasticity of substitution
between high-skill and low-skill workers in the United States (for
instance, Card and Lemieux, 2001, estimate an elasticity of substitution
between 2 and 2.5 for the US and the UK for men only and between 1.1
and 1.6 when men and women are combined).

We assume that the flow utility function is Cobb–Douglas,
u(C1, C2)= C1

νC2
1− ν, and define a unit of good aswhat can be purchased

for $1 trillion dollar in each sector (therefore p = 1 initially). We iden-
tify v from the ratio of these two goods' consumption (we derive con-
sumption in each sector by combining output data in EU KLEMS with
trade data for 2000by SIC fromSchott, 2010). A unit of time corresponds
to a year, and we fix T (the length of a lifetime of work) to be 40 years.
Finally, we set the discount rate δ=0.05 and the growth rate η=0.02.

For the human capital accumulation functions, we assume that
xL(a, θ) and xH(a, θ) are proportional to each other; we base our
different worker (aL) must be updated as follows:

t1 ¼ wss

1−nLð ÞxL 0; ;;0ð Þ w1L þw2L½ � þ 1−nHð ÞxH 0; ;;0ð ÞH w1H þw2H½ �
dp
p

þ o dpð Þ;

aL ¼ −
xL 0; ;;0ð Þt1

2
Z T

0
e−δτ ∂xL

∂a
τ; τð Þdτ

dp
p

þ o dp2
� �

:



Table 1
Parameters.

Parameters η δ v σ H φa φa2 φθ φθ2

Both cases 0.02 0.05 0.5087 2 0.286 0.03 −0.0007 0.027 −0.0007

Parameters a1 a2 xLO xHO A1 A2 β1 β2

Baseline 0.705 0.5779 0.2537 0.0878 1 0.07089 0 0
With capital 0.5952 0.4567 0.3262 0.2985 0.9705 0.8222 0.3678 0.3212
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parameterization on Neal (1995), who estimates wages both for
displaced workers who stay in the same industry and for those who
switch industries based on worker experience and tenure. More specif-
ically, we assume that

xZ a; θð Þ ¼ xZ0expðφamin a;mað Þ þ φa2min a;mað Þ2 þ φθmin θ;mθð Þ
þφθ2min θ;mθð Þ2Þ for Z∈ L;Hf g;

ð17Þ

whereφa,φa2,φθ andφθ2 are obtained usingNeal's (1995) regressions as
described in the Appendix.ma is the sector-specific experience level for
which φaaþ φa2a

2 is maximized (and similarly for mθ), so that we
flatten the accumulation functions once they reach their maxima. This
defines the accumulation functions up to the constants xL0 and xH0.

To derive α1;α2;β1;β2;A2K2 0ð Þβ2 ; xL(0, 0) and xH(0,0), we use the
following moments and constraints: the share of capital costs in the
sum of capital and labor costs for both sectors (only in the case with
capital), the share of labor costs associated with high-skill workers in
the total labor costs for both sectors, the share of high-skill and of
low-skill workers in sector 1 (both from EU-KLEMS), the output in
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Fig. 3. Simulated transition after trade shock. Cas
each sector, and the constraints of wage equality for both high-skill
and low-skill workers. There are ten moments and constraints for nine
unknowns (the parameters plus the initial values for nL and nH), so we
choose the parameters that come closest to fulfilling the constraints as
measured by an equally weighted distance function (there are 8 mo-
ments for 7 unknowns in the case with no capital). Table 1 reports the
parameters.

6.2. Simulation results without physical capital

We simulate a trade shock by considering a 1% price drop in sec-
tor 2. The transition path is illustrated in Fig. 3. Upon impact, low-
skill and high-skill workers (respectively) younger than 0.041 and
0.27 years move from sector 2 to sector 1. Since only few workers
switch and since these workers have hardly any sector-specific
human capital, the initial loss of low-skill (respectively high-skill)
human capital in sector 2 is only 0.1 (respectively 0.62) percent
and the gain in sector 1 is only 0.14 (respectively 0.3) percent; the
total loss in human capital of either type is even smaller (less then
a hundredth of a percent). Because of this minuscule amount
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of immediate reallocation, wage changes are initially sector-
dependent, as illustrated in Fig. 3A. New incoming generations will
all enter sector 1 (as can be seen in Fig. 3.C) and human capital in
this sector grows as shown in Fig. 3.B. Low-skill wages are equalized
after 2.11 years and high-skill wages after 7.4 years. Eventually, the
total stock of human capital in sector 1 will have increased by 18.6
and 9.3% for (respectively) low-skill and high-skill workers. As pre-
dicted by our approximation method, the initial adjustment's share
of total labor reallocation for low-skill workers, XL, is quite small:
0.74% and similarly XH is equal to 3.16%, which, in return, explains
why the transition is so protracted.

Fig. 3.D studies the evolution of the skill premium, bothwithin sector
and at the aggregate level. The skill premium here is defined as the av-
erage pay of a low-skill worker divided by the average pay of a high-skill
worker (not controlling for industry-tenure or age). The evolution at the
aggregate level follows exactly the analysis in Section 4.1: thewage pre-
mium increases on impact as the price shocks negatively affects the
low-skill intensive sector and then keeps increasing smoothly to its
steady-state value. More surprising is the behavior of the within sector
skill-premium. In sector 1, the skill premium increases quickly as initial-
ly all incoming generations enter sector 1 (so that the ratio of low-skill
human capital over high-skill human capital increases). When low-skill
workers start entering sector 2, the skill premium keeps increasing but
slower (as the generations with a high ratio of low-skill over high-skill
workers accumulate more human capital). The skill premium over-
shoots its steady-state value (which is equal to the aggregate value)
and starts declining once high-skill workers enter both sectors. In sector
2, the skill premium initially jumps asmore high-skill workers leave the
sector than low-skill ones do, it stays essentially flat until t1, and in-
creases sharply thereafter, as only low-skill workers restart entering
sector 2. It also overshoots its steady-state value. The figure demon-
strates that the full impact on wage premia from changing producer
prices is only reached after several years. This is consistent with the
findings of Robertson (2004) and suggests that it might be difficult to
find Stolper–Samuelson effects when using contemporaneous changes
in wages and producer-prices.

We investigate numerically how the speed of human capital
accumulation affects the transition by using the accumulation functions
~xZ a; θð Þ ¼ xZ a=2; θ=2ð Þ, so that specific human capital is accumulated
half as fast as in the baseline scenario. As previously discussed,we indeed
find that the transition is slightly shorter: it takes 2 years for low-skill
wages to equalize (instead of 2.11) and 7.24 years (instead of 7.4) for
high-skill ages. More workers switch sectors on impact—namely, low-
skill workers whose age is less than 0.053 (instead of 0.041) and high-
skill workers whose age is less than 0.32 (instead of 0.27). The discount
rate is sufficiently large to ensure that, in the long-run, the smaller cost of
switching dominates the impact of a shorter period of wage differences
on the number of workers switching sectors.

Next we turn to the welfare implications. Because the immediate
wage impact is tied to sector of employment, the oldest workers in sec-
tor 1 gain from the drop in sector 2-prices; in contrast, the effect of a
trade shock on the youngest workers will be dominated by standard
HOS effects in the long run. Fig. 4 shows thewelfare gains from trade lib-
eralization for low-skill workers for each generation alive at t = 0, in
the aggregate and for each initial sector of employment, it also shows
thewelfare gains in the alternative case where human capital is general
(so that welfare is the same regardless of the initial sector of employ-
ment). Welfare gains are expressed according to the equivalent varia-
tion measure in percentage gains in consumption (that is the figure
displays for each type of worker the percentage change of consumption
without the trade shock which yields the same welfare as the trade
shock). The gradual reallocation of factors towards the skill-intensive
sector means that the youngest low-skill workers lose the most from
the trade liberalization. In addition, although all low-skill workers are
better-off than they would have been in a fully flexible world, only
the oldest low-skill workers in sector 1 benefit from the trade shock. A
corresponding graph for high-skill workers would demonstrate that, al-
though all high-skill workers are worse-off than they would be in a
world of complete capital mobility, only the oldest high-skill workers
in sector 2 are hurt by the trade shock.

We examine the effects of a subsidy program (as in Section 4.3) that
taxes high-skill workers to subsidize all workers who switch sector. We
do indeed find that this program reduces the aggregate income of all
low-skill workers alive at t = 0. For instance if the ratio s between the
subsidy and the pay of a new worker is equal to 10%, the payment of
the subsidy itself represents a direct transfer from high-skill to low-
skill workers equivalent to 0.006% of the lifetime income of all low-
skill workers (alive at t = 0). Yet, the negative general equilibrium ef-
fect is sufficiently large, that overall the loss for low-skill workers alive
at t = 0 is equal to 0.028% of their lifetime income.

Finally, to illustrate the accuracy of our approximation technique,
Fig. 5.A shows the numerically computed values for t1, t2, aL, and aH
and compares them to the values obtained with the Taylor approxima-
tions for different price changes. In all cases, an equilibrium of the type
described in Proposition 1 exists. The approximation does quite well for
aL, t1, and aH. For t2, the fit worsens significantly as the price change in-
creases and t2 becomes a relatively large number. As shown in Fig. 5.B,
the initial share of adjustment increases with the size of the price
change, but all along, the adjustment largely occurs through the incom-
ing generations. As already discussed, this version of themodel predicts
large labor reallocations even for small price changes, and the fit
worsens significantly from 2.5%. The economy specializes quickly (it is
specialized at 10%), and at that point an equilibrium of the type de-
scribed in Proposition 1 ceases to exist.

6.3. Simulation results with sector-specific physical capital

We now turn to the case with sector-specific physical capital. With
sector-specific physical capital, the model predicts much less reallocation
so that with a 1% price shock, the times until wages are equalized
are given by t1 = 0.45 and t2 = 0.79 while the ages of the indifferent
workers are t2 = 0.79 for low-skill and aH = 0.017 for high-skill. We
focus on a 10% price drop in sector 2. An equilibriumof the type described
by Proposition 1 exists. As described below, the qualitative features are
similar to the baseline model, the major difference being that the
Stolper–Samuelson theorem does not apply.

The transition path is illustrated in Fig. 6. Fig. 6.A looks similar to
Fig. 3.A (we omit the panels on the allocation of human capital, the
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allocation of entering generations and on the skill premium as they look
similar26). We find that low-skill and high-skill workers (respectively)
younger than 0.64 and 1.12 years move from sector 2 to sector 1.
Low-skill wages are equalized after 4.01 years and high-skill wages
after 6.21 years. Therefore, most of the adjustment happens through
the entry of new generations since the initial adjustment's shares XL

and XH are equal to 12.3 and 13.7% respectively.27

As already mentioned, a major difference with Fig. 3.A is that the
Stolper–Samuelson theorem no longer applies. High-skill wages still
increase relatively more from the price change than low-skill wages;
but here, steady-state high-skill wages are lower in nominal terms after
the price shock and nominal low-skill wages decrease less than the
price of good 2. Low-skill wages in sector 2 drop on impact with the
price shock. Then, up to t1, incoming generations enter sector 1, and
some low-skill and high-skill workers employed in sector 2 retire, as a re-
sult, low-skill wages increase in sector 2 as the ratio of physical capital per
low-skill workers increases. Between t1 and t2, low-skill workers start
reentering sector 2, but not high-skill workers, the wage of low-skill
workers drops but not enough to compensate the increase between t1
and t2. After t2, workers of both types enter both sectors and wages are
roughly constant. This different dynamic forwages has importantwelfare
consequences. As shown in Fig. 6.B, older low-skill workers in sector 2
lose more than younger ones, and in fact they would be better off if
human capital were general instead of sector-specific (however, aggre-
gating sector 1 and sector 2, each generation of low-skill worker still
loses relative to the general human capital case).28
26 Although in sector 1 the skill premium now decreases between t1 and t2 because the
mass of low-skill workers entering sector 1 is quite low.
27 One can show that for marginal price changes a slower accumulation of human capital
leads to a slower transition when xL and xH are proportional and physical capital enters the
production functions in a Cobb–Douglas waywith the same share in both sectors. In our cal-
ibrations, the shares are quite close, and therefore we still find that if human capital is accu-
mulated half as fast, t1 and t2 decrease to 3.72 and 5.95 years (aL and aH increase to 0.73 and
1.27).
28 For the parameter values considered, a subsidy as in Section 4.3, does not decrease the
aggregate income of low-skill workers as the negative general equilibrium effect is not
strong enough to overturn the positive transfer from high-skill to low-skill.
As before, we compare the theoretical resultswith the numerical ones
by studying price changes of 5, 10, 15 and 20%. Contrary to the cases with
no or general physical capital, an equilibrium with the characteristics of
Proposition 1 exists even for a 20% price change (as the new steady-
state does not feature full specialization). Fig. 7.A shows that the approx-
imation does verywell for a 5% price change, but thefit worsens for t2 and
aH for price changes above 15%. In Appendix B.5 we shows that, in this
case, extending our approximation technique to include one additional
order can significantly improve the precision of the analytical approxima-
tions. As before, the share of labor reallocation occurring on impact still
increaseswith the size of the price change (Eq. (10) still holds). Neverthe-
less, Fig. 7.B shows that even at 20%, the adjustment mostly occurs
through the incoming generations (XL and XH are equal to 21.3 and
23.9% respectively). Therefore, even though at large price changes, the
gap between the values given by the approximation method and the ac-
tual values increases, the shape of the equilibrium is conserved, and so
are the insights brought about by our analysis.

A drawback of this specification is that the allocation of new
investment is exogenous and constant, even though the interest rates
are permanently different in both sectors (we assumed that the capital
stockwas growing at the same rate as the population,which iswhynew
investments take place). To address this concern, Appendix A.4 presents
an extension of the model where in each sector a fraction of capital is
fully sector specific (this may represent physical capital but also natural
resources orworkerswith a very strong link to a particular sector)while
the rest of capital is slowly transferable (installed capital is fixed but
new investments are fully mobile). Quantitatively, the quality of the ap-
proximation for aH and t2worsens for large price changes as the share of
slowly transferable capital increases. Yet, qualitatively the results are
similar as long as the new steady-state does not feature full specializa-
tion and the population growth rate η is large enough.29 The youngest
29 As specified in footnote 9, a sufficiently large η is necessary to ensure that at the time
where the switchers die, the drop in the mass of workers in sector 1 is not too large. For a
large price change, where the share of workers allocated to sector 1 is very large, a η N 0.02
may be necessary. The equilibrium is more likely to break down if the new steady-state
features full specialization (which can only occur asymptotically andwhen there is no fully
sector-specific capital) as then the share of incomingworkers allocated to sector 1must be
close to 1.
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workers are reallocated on impact,while themajority of the reallocation
happens through incoming generations. After a periodwherewages are
higher in sector 1 (with new workers all entering sector 1), wages get
equalized and new workers start entering both sectors.

7. Conclusion

The mobility of factors is crucial for understanding the welfare ef-
fects of trade shocks. This paper adds sector-specific human capital to
an otherwise classic dynamicHOSmodel. Ourmodel replicates the stan-
dard HOS model in steady state but it differs during the transitional
phase. In particular, our model endogenously generates (i) low levels
of worker reallocation immediately after a trade shock and (ii) a
protracted period of adjustment before wages reequilibrate. The
model replicates previous empirical findings that mostly young people
switch sectors, that most of the adjustment happens through the
entry of new generations, and that wages after the shock are tied to sec-
tor and not to skill type. We also show that the model's qualitative pre-
dictions are unaltered by the inclusion of either general human capital,
physical capital or gross flows from nonpecuniary sectoral preferences.

Moreover, the model delivers some surprising results: a faster accu-
mulation of human capital can make the transition longer and low-skill
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workers benefit from rigid labor markets when the low-skill-intensive
sector is hit by anegative price shock. This last point is crucial for assessing
the welfare effects of a subsidy for switching sectors. Although such a
moving subsidy directly benefits the low-skill workers who receive it,
the subsequent faster reallocation of resources to the high-skill-intensive
sector hurts low-skill workers as a group. For a wide range of parameter
values, this latter effect dominates. The intuitions of the model are illus-
trated with a calibration, which reveals that an equilibrium with the
same structure still exists and that the approximation methods are accu-
rate for discrete price changes. The calibration shows in particular that the
initial adjustment's share in total labor reallocation is small, which ex-
plains why the transition is protracted. The quantitative predictions of
the approximation method do, however, worsen when the trade shocks
leads to large labor reallocation in the long-run.

This paper employs the analytical approach of extending a classic
trade model to analyze the interaction between labor market rigidities
and international trade; it therefore complements the literature that
studies similar questions using estimated and numerically solved
models. The analytical approach has several virtues: it allows for greater
generality, it provides linkages to well-understoodmodels in trade, and
it is easy to extend. These advantages open up several paths for future
research. For instance, one could add firms and firm-specific human
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capital (or occupations and occupation-specific capital) to the model as
a means for assessing the importance of the type of human capital
specificity. Such models might build on the literature that addresses
firm heterogeneity and the intraindustry reallocations triggered
by trade liberalization and perhaps could illuminate why little interin-
dustry labor reallocation is observed in the short run despite substantial
intraindustry reallocations.
30 An economic variable that is “at most nth order” in the price change is one that can be of o
31 Assume that this is not the case then both F1LH þ pF2LHð Þ 1−nLð ÞxL 0ð Þ≥− F1HH þ pF2HHð Þð
inequality for at least one of the two expressions. This implies, since F1 and F2 are CRS, that F1HH F2

F1
L2
H2

H1
L1
, which is strictly greater than 2 if F1 and F2 have different factor intensities.
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Appendix A

A.1. Existence of the equilibrium

This section proves Propositions 1 and 2. First we derive the times until equalization of high-skill wages and of low-skill wages aswell as the ages
of the indifferent high-skill and low-skill worker (t1, t2, aH, and aL, respectively) in an equilibriumwhich has the structure described in Proposition 1.
Second, we show that workers switch sectors only at time 0. In the online Appendix B, we show that for η sufficiently large, it is possible to keep
wages equalized forever once they have been equalized once; and we show that the equilibrium maximizes the present value of production.

A.1.1. Ages of the indifferent workers and times until wage equalization
Eqs. (5) and (6) pin down the indifferent workers. For a marginal price change, the difference between w1 and w2 is at most first order,30 and

workers whose age is nonmarginal will not switch sector (for these workers, w1(τ)xL(τ) b w2(τ)xL(a + τ)). Hence only the workers whose age is
at most first order in the price change may be willing to move. We can therefore take a first-order expansion of Eq. (5) with respect to
(aL, w1(t), w2(t)) around aL = 0 and w1(t) = w2(t) = wss and then simplify to obtain

aL ¼

Z t1

0
dw1 τð Þ−dw2 τð Þð ÞxL τð Þe−δτdτ

wss
Z T

0
x0L τð Þe−δτdτ

þ o t1dpð Þ; ðA:1Þ

where dwi(t)≡wi(t)−wss and analogous definitions are used for high-skill wages. Since t1 and dwi(t)will both be of atmostfirst order in dp, it follows
that aL is at most second order. An analogous expression holds for aH.

Now define gH(t)≡dv1(t) − dv2(t) and gL(t)≡dw1(t) − dw2(t) such that t1 (resp. t2) denotes the lowest t for which gL(t1) = 0 (resp. gH(t2) = 0).
Define dli(t) = li(t) − lss. Given that aL is at most second order, one can differentiate Eq. (7) and an analogous expression for l2 to obtain:

dl1 tð Þ ¼ −dl2 tð Þ ¼ 1−nLð ÞxL 0ð Þt þ o dpð Þ for 0 ≤ t ≤ t1; t2; ðA:2Þ

similarly,

dh1 tð Þ ¼ −dh2 tð Þ ¼ 1−nHð ÞxH 0ð ÞHt þ o dpð Þ for 0 ≤ t ≤ t1;t2: ðA:3Þ

Taking a first-order expansion of gH(t) around dp = 0 and then using Eqs. (A.2) and (A.3), we find that

gH tð Þ ¼ t v1L þ v2Lð Þ 1−nLð ÞxL 0ð Þ þ v1H þ v2Hð Þ 1−nHð ÞxHH 0ð Þ� �
−

vss

p
dpþ o dpð Þ for 0≤t≤t1;t2;

where viZ ¼ ∂vi
∂Z at the steady-state value (prior to the price change), and similarly that

gL tð Þ ¼ t w1H þw2Hð Þ 1−nHð ÞxH 0ð ÞH þ w1L þw2Lð Þ 1−nLð ÞxL 0ð Þ� �
−

wss

p
dpþ o dpð Þ for 0≤t≤t1;t2;

where wiZ ¼ ∂wi
∂Z . Since both F1 and F2 are CRS, it follows that v1L þ v2Lð Þ 1−nLð ÞxL 0ð Þ þ v1H þ v2Hð Þ 1−nHð ÞxH 0ð ÞH or w1H þw2Hð Þ 1−nHð ÞxH 0ð ÞH þ

w1L þw2Lð Þ 1−nLð ÞxL 0ð Þ (or both) must be strictly negative.31 Consider the case where

1
vss

v1L þ v2Lð Þ 1−nLð ÞxL 0ð Þ þ v1H þ v2Hð Þ 1−nHð ÞxH 0ð ÞH� �
N

1
wss

w1H þw2Hð Þ 1−nHð ÞxH 0ð ÞH þ w1L þw2Lð Þ 1−nLð ÞxL 0ð Þ� �
;

ðA:4Þ
rder mth for m ≥ n.
1−nHÞxH 0ð ÞH and F1LH þ pF2Hð Þ 1−nHð ÞxH 0ð ÞH≥− F1LLþð pF2LLÞ 1−nLð ÞxL 0ð Þ; with strict
LLþ F2HH F1LL
LH F2LH

b 2. However the properties of CRS functions dictate that F1HH F2LLþ F2HH F1LL
F1LH F2LH

¼ H2
L2

L1
H1

þ
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which implies w1H þw2Hð Þ 1−nHð ÞxH 0ð ÞH þ w1L þw2Lð Þ 1−nLð ÞxL 0ð Þb0.32 Then gL is positive but decreases over time until t1 N 0; over the
same time period, gH remains strictly positive (and may increase or decrease). Therefore, if Eq. (A.4) holds then wages are equalized for
low-skill workers first: t1 N t2. The Appendix focuses on this case; if t1 N t2 then symmetric expressions would obtain.

For t ∈ (t1, t2), low-skill workers are allocated such that their wages are equalized across sectors but Eq. (A.3) still holds. At first order, dl1 + dl2=
0 + o(dp) because the number of low-skill workers who switch is of second order at most; therefore, dw1 = dw2 implies that

dl1 tð Þ ¼ −
w1H þw2H

w1L þw2L
1−nHð ÞxH 0ð ÞHt þ wss

w1L þw2L

dp
p

þ o dpð Þ for t1≤t≤t2: ðA:5Þ

Using this equation and (A.3), we can write gH(t) as

gH tð Þ ¼ v1H þ v2H−
v1L þ v2Lð Þ w1H þw2Hð Þ

w1L þw2L

� �
1−nHð ÞxH 0ð ÞHt þ v1L þ v2L

w1L þw2L
wss−vss

� �
dp
p

þ o dpð Þ;

for t1 ≤ t ≤ t2, which is decreasing in t (using the properties of CRS functions) and positive when Eq. (A.4) holds. Hence t2 is defined by

t2 ¼
vss−

v1L þ v2L
w1L þw2L

wss

1−nHð ÞxH 0ð ÞH v1H þ v2H−
v1L þ v2Lð Þ w1H þw2Hð Þ

w1L þw2L

� �dp
p

þ o dpð Þ: ðA:6Þ

Using Eqs. (A.2), (A.3), and that dw1= dw2 for t N t1, we can rewrite Eq. (A.1) as Eq. (9). Since z on (0, t1) and dw1= dw2 from t1, the only low-skill
workers who switch from sector 2 are thosewho are younger than aL. In an analogousmannerwe can use Eqs. (A.2), (A.3), (A.5), and the counterpart
of (A.1) for high-skill workers to solve for aH as follows:

aH ¼ −
xH 0ð Þ

2
Z T

0
x0H τð Þe−δτdτ

dp
p

t2−
wss v1L þ v2Lð Þ
vss w1L þw2Lð Þ t2−t1ð Þ

� �
: ðA:7Þ

Similarly, the only high-skill workers who switch from sector 2 are those who are younger than aH.
Note that, in the opposite case where wages of high-skill workers are equalized first (t1 N t2), one can analogously derive the following expressions:

t1 ¼
wss−

w1H þw2H

v1H þ v2H
vss

1−nLð ÞxL 0ð Þ w1L þw2L− w1H þw2Hð Þ v1L þ v2L
v1H þ v2H

� � dp
p

þ o dpð Þ;

t2 ¼ vss

1−nLð ÞxL 0ð Þ v1L þ v2L½ � þ 1−nHð ÞxH 0ð ÞH v1H þ v2H½ �
dp
p

þ o dpð Þ;

aL ¼ −
xL 0ð Þ

2
Z T

0
x0L τð Þe−δτdτ

dp
p

t1−
vss w1H þw2Hð Þ
wss v1H þ v2Hð Þ t1−t2ð Þ

� �
þ o dp2
� �

;

aH ¼ −
xH 0ð Þt2

2
Z T

0
e−δτx0H τð Þdτ

dp
p

þ o dp2
� �

:

To establish that Proposition 1 describes an equilibrium, we must still show that (i) workers will switch sectors only once and only time t = 0,
and (ii) after t1 (resp. t2) it is always possible to adjust the flow of entrants such that wages of low-skill (resp. high-skill) workers remain equalized.
We focus on low-skill workers below in what follows but the same reasoning applies as well to high-skill workers.

A.1.2. Workers switch only once
We begin by noting that low-skill workers who enter sector 1 will never switch because this sector always has wages that are weakly higher than

those of sector 2. Furthermore, workers will not switch after time t1 because then wages are equalized; workers will always remain in the sector
where they have accumulated themost experience until time t1. Therefore, the only workers whomay switch are those born before t=0who entered
sector 2, and theymay switch only during the time period [0, t1]. Let us consider such a worker.We denote her age by a, the time she spends in sector 1
during the time period [0, t1] by μ1, and the time spent in sector 2 during that same time period by μ2 = t1− μ1. We seek to show that if such a worker
were to stick to the same sector during the time period [0, t1], she would be better-off.

First consider the casewhere, at time t1, the total experience accumulated in sector 1 is weakly greater than the total experience accumulated in sec-
tor 2, that is μ1 ≥ μ2 + a (which implies that a is at most of first order since t1 is first order). Therefore from time t1 onward, this worker would (weakly)
preferworking in sector 1.We compare thewelfare of thisworker under this strategy to herwelfare under the alternative strategywhere she switches to
sector 1 at time 0 (when the trade shock hits). During the time interval [0, t1], the worker benefits from a higher wage under the alternative strategy for
periods where she works in sector 2 in the original strategy, but she suffers from a lower level of human capital. The loss in human capital is bounded
above by xL(μ2 + a)− xL(0), and it is suffered during a time period of length μ2; hence this loss is at most of the same order as (μ2 + a)μ2. For periods
where sheworks in sector 1 in the original strategy, she benefits from a higher level of human capital under the alternative strategy. The gain is equal to
xL(τ)− xL(τ− μ2). This gain is endured for a nonnegligible period of time and so is of the same order as μ2. Hence the gain is of a higher order than the
lower, and this worker would be better-off switching to sector 1 upon impact.
32 We rule out the case where Eq. (A.4) holds with equality. The same logic would apply, but then t1 and t2 would differ only at second order.
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Now consider the opposite case where μ1 b μ2 + a (at time t1 the total experience accumulated in sector 1 is smaller than the total experience
accumulated in sector 2) and the alternative strategy where the worker stays in sector 2 forever. During the time interval [0, t1], when the worker
is employed in sector 1 under the original strategy, she suffers from a lower wage in the alternative strategy; the resulting welfare loss is at most
of the same order as μ1dp. For time periods where she works in sector 2 in the original strategy, she benefits from a higher level of human capital
under the alternative strategy. In particular, from period t1 onward, her human capital is higher by xL(τ + a) − xL(τ + a − μ1). This gain lasts a
nonnegligible period of time, so that thewelfare gain is of the sameorder as μ1. In this case, then, the gains are larger than the losses and so theworker
is better-off under the alternative strategy, staying in sector 2 all along. This establishes point (i).

In Appendix B.1.1, we show that nL(t) and nH(t) are in (0, 1) for η sufficiently large, which achieves the proof of existence of the equilibrium.

A.2. Proof of Proposition 3

The argument is most easily made with reference to Fig. 1. Along the transition path, wages in sector 1must remain weakly higher than wages in
sector 2 (w1(t) ≥ w2(t) and v1(t) ≥ v2(t)). From the figure it follows thatw1 tð Þ;w2 tð Þ≥wss0 and v2 tð Þ; v1 tð Þ≤vss0 ; therefore, any low-skill worker who
does not switch industries (and so does not lose any human capital) will benefit from the rigidity engendered by sector-specific human capital.

Consider, moreover, a low-skill worker of t̂≤aL who switches from sector 2 to sector 1. The lifetime income of this worker obeysZ T−t̂

0
w1 τð ÞxL τð Þe−δτdτ≥

Z T−t̂

0
w2 τð ÞxL t̂ þ τ

� �
e−δτdτ≥

Z T−t̂

0
wss0xL t̂ þ τ

� �
e−δτdτ:

Here the first inequality follows from Eq. (5) and the second fromw1 tð Þ≥wss0 . Since lifetime income is higher under the rigid regime yet prices are
the same, even those workers who switch are better-off. An analogous argument demonstrates that all high-skill workers would be better-off if
human capital were not sector-specific.

A.3. Calibration details

In this appendix we provide some details on our calibration: the list of industries in each group, howwe parameterize the accumulation function
from Neal (1995), and how we derive the parameters α1, α2, β1, β2, A2, xL (0, 0), and xH (0, 0).

As described in themain text, we split the 2-digit industries from EU KLEMS for 2000 into a high-skill group and a low-skill group of equal value-
added size. “High skill” is defined as college graduate or above, and “low skill” is defined as some college or below (i.e., the sum of low andmedium
skills in the EU KLEMS's US classification). The high-skill industries—in decreasing order of their wage bill devoted to high-skill workers—are: office,
accounting and computingmachinery;medical, precision, and optical instruments; chemicals and chemical products; transport equipment; printing,
publishing and reproduction, electrical engineering; and coke, refinedpetroleum, andnuclear fuel. The low-skill industries (in decreasing order of the
wage bill share of high-skill workers) are tobacco; manufacturing not otherwise classified; food and beverage; pulp and paper; machinery not oth-
erwise classified; textiles; rubber and plastics; nonmetallic minerals; basic metals; fabricated metal; wood; and leather and footwear. The high-skill
wage bill share for the cutoff industries is 40.2% and 34.4%.

We base our estimate for the human capital accumulation function on columns 2 and 3 of Table 4 in Neal (1995). Neal regresses the log wage of
displaced workers on experience (pre-displacement), experience squared, tenure (in the firm prior to the displacement), and tenure squared (plus a
constant and some control variables that include education). He runs this regression separately for displaced workers who switch 2-digit industries
and for displaced workers who stay in the same 2-digit industry. We reproduce the coefficients of interest from his table below (specifying notation
in parenthesis).

The relationship between wages and job tenure: Men (Neal, 1995).
Log postdisplacement wage

Switchers Stayers

Experience (predisplacement) 0.016 (γe
a) 0.027 (γe

s)
Experience2 −0.0003 γa

e2
� �

−0.0004 γs
e2

� �
Tenure (predisplacement) 0.011 (γt

a) 0.030 (γt
s)

Tenure2 −0.0004 γa
t2

� �
−0.0010 γs

t2

� �
Since ourmodel does not distinguish between experience in a sector and experience in a specific firm in a given sector, we add up the coefficients
for experience and tenure. Thenwe identify the coefficient for switchers as the impact of general human capital onwages, and identify the difference
between the coefficients for stayers and switchers as the effect of sector-specific human capital on wages. Following the specification of this regres-
sion, we posit capital accumulation functions of the form given by Eq. (17). We obtain

φa≡γ
s
e þ γs

t− γa
e þ γa

t

� � ¼ 0:03;

φa2≡γ
s
e2 þ γs

t2− γa
e2 þ γa

t2

� �
¼ −0:0007;

φθ≡γ
a
e þ γa

t ¼ 0:027;

φθ2≡γ
a
e2 þ γa

t2 ¼ −0:0007;

ma ¼ 21:42;

mθ ¼ 19:28:

In this specification, nearly half of total human capital is sector specific.
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We find that the consumption share for sector 1 is given by v=0.5087v=0.5087 and thatH ¼ 0:286. The capital shares are empirically given by

β̂1 ¼ 0:358 in sector 1 and β̂2 ¼ 0:329 in sector. The empirical estimate for the wage bill in sector 1 is given by cα1 ¼ 0:487 and in sector 2 by cα2 ¼
0:242. The estimates for output—where oneunit of good in each sector corresponds to $1 trillion of output in the data—arecY1 ¼ 2:275andcY2 ¼ 2:194
in sectors 1 and 2, respectively. The estimates of the share of high-skill and low-skill workers are cnH ¼ 0:618 and bnL ¼ 0:341.

Let FL≡∫
40
0 e−ηt xL t; tð Þ

xL0
dt and FH≡∫

40
0 e−ηt xH t; tð Þ

xH0
dt (therefore FL = FH). Then we can express steady-state (that is, time 0) output in the model as:

Y1 ¼ α1 nHxH0HFH
� �σ−1

σ þ 1−α1ð Þ nLxL0 FLð Þσ−1
σ

� � σ
σ−1 1−β1ð Þ

;

Y2 ¼ ~A2 α2 1−nHð ÞxH0HFH
� �σ−1

σ þ 1−α2ð Þ 1−nLð ÞxL0 FLð Þσ−1
σ

� � σ
σ−1 1−β2ð Þ

;

where nH and nL denote the endogenous steady-state allocations of workers of each type in sector 1 and ~A2 ¼ A2 K2 0ð Þð Þβ2 . Moreover, wage equali-
zation in both sectors imposes that

CH≡

α1 1−β1ð Þ nHxH0HFH
� �−1

σ α1 nHxH0HFH
� �σ−1

σ

þ 1−α1ð Þ nLxL0 FLð Þσ−1
σ

 !σ 1−β1ð Þ
σ−1 −1

α2 1−β2ð Þ~A2 1−nHð ÞxH0HFH
� �−1

σ α2 1−nHð ÞxH0HFH
� �σ−1

σ

þ 1−α2ð Þ 1−nLð ÞxL0 FLð Þσ−1
σ

 ! 1−β2ð Þσ
σ−1 −1

−1 ¼ 0;

CL≡

1−α1ð Þ 1−β1ð Þ nLxL0 FLð Þ−1
σ α1 nHxH0HFH

� �σ−1
σ

þ 1−α1ð Þ nLxL0 FLð Þσ−1
σ

 !σ 1−β1ð Þ
σ−1 −1

1−α2ð Þ 1−β2ð Þ~A2 1−nLð ÞxL0 FLð Þ−1
σ α2 1−nHð ÞxH0HFH

� �σ−1
σ

þ 1−α2ð Þ 1−nLð ÞxL0 FLð Þσ−1
σ

 ! 1−β2ð Þσ
σ−1 −1

−1 ¼ 0:

For the version with no capital, we impose β1 = β2 = 0 and we pin down the parameters α1, α2, xL0, xH0, and A2 = Ã2 by solving for

min
α1 ;α2 ;xL0 ;xH0 ;nL ;nH ;A2

M0 α1;α2; xL0; xH0;nL;nH ;A2ð Þ;

where M0 is the following distance function:

M0≡ α1−cα1
� �2 þ α2−cα2

� �2 þ nH−cnH
� �2 þ nL− bnL

� �2 þ Y1cY1

−1

 !2

þ Y2cY2

−1

 !2

þ C2
H þ C2

L :

This results in:

α1 ¼ 0:705; α2 ¼ 0:5779; xL0 ¼ 0:2537; xH0 ¼ 0:0878 and A2 ¼ 0:7089:

With these parameters, the model predicts a steady-state allocation of nH = 0.68 and nL = 0.41.
In the presence of sector-specific capital, we pin down the parameters a1, a2, β1, β2 xL0, xH0, and Ã2 by solving for

min
α1 ;α2 ;β1 ;β2 ;xL0 ;xH0 ;nL ;nH ;A2

M α1;α2;β1;β2; xL0; xH0;nL;nH;A2ð Þ;

where M is the distance function:

M≡M0 þ β1−cβ1

� �2
þ β2−cβ2

� �2
:

We thus obtain the following parameters:

α1 ¼ 0:5952; α2 ¼ 0:4567; xL0 ¼ 0:3262; xH0 ¼ 0:2985; ~A2 ¼ 0:7991; β1 ¼ 0:3678 and β2 ¼ 0:3212:

With these parameters, the model predicts a steady-state allocation of nH = 0.66 and nL = 0.39. We then use the value of Ã2, the normalization

A1K1 0ð Þβ1 ¼ 1, the assumption that the total capital stock at t=0 is equal to 2 and the equality in the rental rate of capital to derive A1 = 09705 and
A2 = 0.8222.

Note that since the system is overidentified, one cannot pinpoint exactly which moment determines which parameter. Yet, the capital shares in
the data are directly linked to the βi coefficients, the high-skill cost shares depend on the coefficient αi as well as the ratio of low-skill to high-skill
human capital in the sector (that is nHxH0H=nLxL0 in sector 1 and 1−nHð ÞxH0H= 1−nLð ÞxL0 in sector 2). The output levels depend on the low-skill
and high-skill steady-state allocations (nL, nH), as well as on the levels of human capital xH0 and xL0, the capital shares β1 and the productivity coef-
ficient Ã2. The constraints that wages must be equalized and that the steady-state allocations must be close to the ones observed in the data further
constrain the values for α1, α2, β1, β2, xL0, xH0 and Ã2.
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A.4. Slowly transferable capital

A.4.1. Analytical results
We now assume that while old capital cannot move, new investments can be freely allocated between the two sectors. We denote by Δ the de-

preciation rate of capital, and sincewe assume a constant capital–labor ratio (at the level of the economy), the exogenous total investment flowmust
be given by I(t) = (η + Δ)eηtK0 (with K0≡K(0)). As a result the normalized stock of capital in sector 1 obeys

k
�

1 tð Þ ¼ ηþ Δð Þ nI tð ÞK0−k1 tð Þð Þ;

where nI is the share of investment going to sector 1. Similarly, the normalized stock of capital in sector 2 obeys

k
�

2 tð Þ ¼ ηþ Δð Þ 1−nI tð Þð ÞK0−k2 tð Þð Þ:

We assume that at time t=0, the economy is in a steady-state so that the rental rate of capital is equalized in the two sectors. As the price of good
2 drops, the interest rate in sector 2 drops below that in sector 1. Old capital cannot be reallocated, but new investments get reallocated to sector 1.
Over time, the gap in the interest rates narrows and just as for wages, there exists a time tK fromwhich, interest rates are equalized and new invest-
ments get allocated to both sectors (this is only the case if the long-run steady-state does not feature full specialization, otherwise, new investments
never get allocated to the shrinking sector). Except for this, the structure of the equilibrium is similar to the baseline case.

Using the same type of analysis as in Appendix A.1, we can derive first-order approximations for the time atwhich low-skill wages (t1), high-skill
wages (t2) and capital are equalized and second order approximations for the ages of the low-skill (aL) and high-skill (aH) workers who are indiffer-
ent between switching sectors or not at the time of the shock. More specifically, if t1 b t2, tK, we can derive

t1 ¼
wss dp

p
þ o dpð Þ

w1H þw2Hð Þ 1−nHð ÞxH 0ð ÞH þ w1L þw2Lð Þ 1−nLð ÞxL 0ð Þ þ w1K þw2Kð Þ 1−nIð Þ ηþ Δð ÞK0
:

Using this expression, it is easy to show that in this case, t1 is between its valuewhen capital is completely fixed andwhen capital is fully flexible.
In this case, the age of the indifferent low-skill worker aL is given by Eq. (9), and we have that the mass of low-skill workers switching sectors on
impact is greater than in the case of sector-specific capital but smaller than in the case where capital can immediately be transferred across sectors.

When t1 b t2 b tK, we can further derive the following expressions:

t2 ¼
vss−

v1L þ v2Lð Þwss

w1L þw2Lð Þ
� �

dp
p

þ o dpð Þ

v1H þ v2H−
v1L þ v2Lð Þ w1H þw2Hð Þ

w1L þw2L

� �
1−nHð ÞxH 0ð ÞH

þ v1K þ v2K−
v1L þ v2Lð Þ w1K þw2Kð Þ

w1L þw2L

� �
1−nIð Þ ηþ Δð ÞK0

2664
3775
;

tK ¼
det

w1L þw2L w1H þw2H wss

v1L þ v2L v1H þ v2H vss

r1L þ r2L r1H þ r2H rss

0@ 1Adp
p

þ o dpð Þ

1−nIð Þ ηþ Δð ÞK0det Hessianð Þ :

where Hessian is the Hessian matrix of F1 + pF2:

Hessian ¼
w1L þw2L w1H þw2H w1K þw2K
v1L þ v2L v1H þ v2H v1K þ v2K
r1L þ r2L r1H þ r2H r1K þ r2K

:

The age of the indifferent high-skill worker aH is still given by Eq. (A.7).
When t1 b tK b t2, we instead get (we present both cases because in our simulations we encountered both situations):

tK ¼
rss−

r1L þ r2Lð Þwss

w1L þw2Lð Þ
� �

dp
p

þ o dpð Þ

r1H þ r2H−
r1L þ r2Lð Þ w1H þw2Hð Þ

w1L þw2L

� �
1−nHð ÞxH 0ð ÞH

þ r1K þ r2K−
r1L þ r2Lð Þ w1K þw2Kð Þ

w1L þw2L

� �
1−nIð Þ ηþ Δð ÞK0

;

t2 ¼
det

w1L þw2L wss w1K þw2K
v1L þ v2L vss v1K þ v2K
r1L þ r2L rss r1K þ r2K

0@ 1Adp
p

þ o dpð Þ

1−nHð ÞxH 0ð ÞHdet Hessianð Þ ;
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Fig. A.1. Simulated transition after trade shock. Case where half of the physical capital stock is slowly transferable and half is fixed. 10% price drop in sector 2.
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and the age of the indifferent high-skill worker obeys:

aH ¼
−xH 0ð Þdp

p

2
Z T

0
x0
H τð Þe−δτdτ

�
t2− tK−t1ð Þ v1L þ v2Lð Þwss

w1L þw2Lð Þvss
þwss v1L þ v2Lð Þ r1K þ r2Kð Þ− v1K þ v2Kð Þ r1L þ r2Lð Þð Þ þ rss w1L þw2Lð Þ v1K þ v2Kð Þ− w1K þw2Kð Þ v1L þ v2Lð Þð Þ

r1L þ r2Lð Þ w1K þw2Kð Þ− r1K þ r2Kð Þ w1L þw2Lð Þð Þvss t2−tKð Þ

0BB@
1CCA:

This analysis straightforwardly extends to the casewhere theproduction functions dependbothon a stockof slowly transferable capital and a stockof
fully sector-specific capital (which grows at rate η): all expressions are identical (with the derivatives taken with respect to the transferable capital).

A.4.2. Simulations
The calibration is donewith the same parameters as in the casewhere capital is entirely fixed, but we assume that half of the capital stock in each

sector is fully fixed while the other half is modeled as above. The depreciation rate is null (Δ = 0) and we focus on a 10% price change.
For price changes larger than12%, anequilibriumakin to that described inProposition1 ceases to exist for the reasondescribed in footnote 9 (however

such an equilibriumwould exist for a higher level of the population growth rateη). Similarly as the share of fully sector-specific capital shrinks,more labor
must reallocate in the long-run. This shrinks the range of price changes and population growth rates η forwhich an equilibrium as in Proposition 1 exists.

Fig. A.1 reproduces Fig. 6 for this scenario. Initially all factor prices are higher in sector 1 than in sector 2. As a result, all new workers and all in-
vestments are allocated to this sector until the relevant factor prices are equalized. Low-skill wages are equalized at t1 = 5.18, then high-skill wages
are equalized at t2 = 8.68 and finally the rental rates of transferable capital are equalized at tK = 16.5. Low-skill workers younger than aL = 0.82
switch sectors on impact, while high-skill workers younger than aH = 1.59 do so. As expected from the theoretical analysis, the reallocation takes
longer and more worker switch on impact relative to the case where capital is fully fixed. The share of reallocation which happens on impact for
low-skill workers is given by χL = 14.98 %, while for high-skill workers it is given by χH = 20.17 %. Fig. A.1.B shows that the welfare consequences
are similar to the casewhere all capital is fixed (when the share of fully fixed capital shrinks, thewelfare consequences lookmore like that in the case
with no capital—Fig. 4—with low-skill workers in sector 2 gaining relative to the case with general human capital).

Fig. A.2 reproduces Fig. 7.A albeit for price changes of 0.1 to 10%. Quantitatively, the quality of the approximation is in between the case where
capital is entirely fixed and that where there is no capital. In particular the approximations for t1 and t2 are not too far off, but the approximations
for aL and aH are less good for price changes over 5%.
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Appendix B. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jinteco.2015.04.003.
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