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Abstract

We unify two approaches towards identifying the welfare and wage e¤ects of immigra-

tion, one emphasizing the immigration surplus (Borjas, 1995,1999), the other identifying

a welfare loss due to terms-of-trade e¤ects (Davis&Weinstein, 2002). Using a setup with

maximum generality, we decompose the native welfare e¤ect into a standard complemen-

tarity e¤ect, augmented by a Stolper-Samuelson e¤ect, and a terms-of-trade e¤ect. We

illustrate the welfare and wage e¤ects of endogenous goods prices in a stylized speci�c-

factors model. Finally, we calibrate this model to a generic OECD economy and provide

simulation results. The key insight is that endogenous goods prices play a quantitatively

important role in shaping the welfare and wage e¤ects of immigration, sometimes even

over-turning received results.
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1 Introduction

In immigration research, economists have concentrated on two questions. How does im-

migration a¤ect the income distribution in the receiving country? And how does it a¤ect

aggregate welfare of the incumbent population? The �rst question has been tackled in

a rich econometric literature which tends to agree that immigration lowers the wages of

competing native workers. In a recent study, Borjas (2003) argues that immigration to the

US from 1980 to 2000 has depressed wages of competing workers by 3 to 4 percent. The

estimates are smaller when the analysis focuses on local instead of nation-wide e¤ects,

see, e.g., Card (2001).1 There is wide cross-country/cross-study variance, see the survey

by Poot and Longhi (2005).

On the second question, the consensus view has it that immigration yields a positive

aggregate welfare e¤ect in the host country, based on technological complementarity be-

tween immigrants and some domestic factors. Typically, this �immigration surplus� is

demonstrated in a stylized two-factor, one-sector model, and its magnitude derived by

means of calibration-based simulations. For the US, Borjas (1995,1999) calculates that

a stock of immigrants equal to 12 percent of the total work force yields a native welfare

gain between 0.1 and 0.5 percent of GDP.2

While Borjas�model has been extended to small open economies, endogenous adjust-

ment of goods prices has received little attention. The paper by Davis and Weinstein

(2002), henceforth D&W, is a recent exception. They use a two-country Ricardian model

to argue that immigration into the US has led to a loss in real native income of about 0.8

to 0.9 percent of GDP via a deterioration of the terms-of-trade. This possibility has been

stressed earlier, see e.g. Ethier (1985), but D&W are the �rst to provide a quantitative

welfare assessment.

1See the surveys by Borjas (1994), Friedberg & Hunt (1995), Borjas (1999), and Hanson et al. (2002)
for the US and DeNew & Zimmermann (1994) for Europe.

2For similar exercises, see the surveys by Borjas (1994), Friedberg & Hunt (1995), Borjas (1999), and
Hanson et al. (2002). For Europe, see DeNew & Zimmermann (1994).
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These two strands of theory are extreme, both in terms of modeling and message. The

positive Borjas-type welfare e¤ect builds on a technological complementarity relationship

between immigrant labor and domestic factors, ignoring endogenous goods prices. In

contrast, the negative e¤ect in D&W derives from an immigration-induced worsening of

the terms-of-trade in a setup that downplays complementarity e¤ects.

Given the fact that immigration tends to reduce native workers�wages, and given

wide-spread concern about its �scal costs,3 advocates of labor immigration bear a heavy

burden of political justi�cation. Indeed, a positive immigration surplus seems like a

necessary condition for a liberal immigration policy based on economic arguments. Once

the importance of welfare considerations is recognized, opposing views, as re�ected by the

Borjas-tradition and the D&W-result, certainly warrant further investigation.4

This paper proposes an encompassing theoretical framework where the Borjas- and

the D&W-results emerge as special cases. Indeed, the D&W-result re�ects a more gen-

eral concern about endogenous goods price adjustment, including non-tradable goods.5

We identify several channels responsible for the native welfare e¤ect of immigration and

gauge their relative quantitative importance. We allow for di¤erent degrees of tradability

in factors and goods, ranging from non-tradable goods to perfect integration of capital

markets, and we generalize the complementarity-based approach of the Borjas-type to a

setting with many types of labor and endogenous goods prices. And �nally, we evalu-

ate the role of immigrant income repatriation, whose quantitative importance has been

stressed by Glytsos (2001) and Chami et al. (2003).

Following Borjas (1995), Davis and Weinstein (2002) and Ottaviano and Peri (2005),

our paper abstracts from the welfare-state and all labor market imperfections. It is well

3Welfare-state issues are discussed in Borjas (1994), and more recently in Hanson et al. (2002, ch.12).
4In a similar vein, Borjas (2002, p.298) states that �... the immigration literature has paid remarkably

little attention to the source and magnitude of the economic gains from immigration. This is one area of
study that clearly requires much additional research�.

5The special role of non-tradable goods in the context of immigration is stressed, among others, by
Ottaviano and Peri (2005).
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understood, that these imperfections are important. However, the aim of the present

paper is to analyze the interaction between complementarity e¤ects in production and

endogenous goods price adjustment. We show that this may overturn received results on

the welfare and wage e¤ects of immigration. This is crucial for a better understanding of

immigration policies as well as for policy advice, alongside the more familiar e¤ects from

labor market imperfections and welfare state repercussions.

Our argument follows a top-down logic. In section 2, we propose a general model with

many di¤erent types of labor, which allows to decompose the welfare e¤ect of immigration

into a technological complementarity e¤ect and e¤ects deriving from endogenous adjust-

ment of the terms-of-trade and non-tradable goods prices. We derive a set of su¢ cient

conditions under which the native welfare e¤ect of immigration is positive. In section

3 we sharpen our results within a modi�ed speci�c-factors model featuring three skill

levels for labor. In this setting, we analyze the interaction of demand elasticities with

factor substitution, retrieving the models by Borjas (1995), as well as Ethier (1985) and

Davis&Weinstein (2002) as special cases. In section 4, we calibrate our speci�c factors

model to gauge the quantitative importance of our mechanisms for realistic parameter

values, focusing on the skill-content of the labor in�ow. We show that endogenous goods

prices matter for welfare and wage e¤ects. Moreover, our simulation indicates that the

welfare e¤ect will typically be non-monotonic in the size of the in�ow, and that it depends

on the degree of immigrant income repatriation. Stressing the role of observable country

characteristics, such as openness or export elasticities, our results may pave the way for

a better understanding of the cross-country variance in immigration policies.

2 Immigration, domestic wages and native welfare:

a general treatment

This section strives at maximum generality, while respecting a set of stylized facts on the

degree of international integration of markets. First, since capital movements are largely
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frictionless �at least amongst OECD countries �we allow for perfect international capital

mobility. Second, multilateral trade negotiations and technical progress have reduced the

scope for commercial policy and led to falling transportation costs. However, the share of

non-traded goods is still substantial in many economies. Hence, we assume free trade in

tradeable goods but allow for non-tradable goods as well. Finally, labor markets remain

largely national, with immigration governed by skill-speci�c quotas. We therefore treat

the volume and skill composition of immigration as exogenous.6 To capture the complex

immigrant skill distributions found in empirical research, we allow for an arbitrary degree

of skill heterogeneity.7

2.1 The basic model structure

We assume an arbitrary number of goods (indexed by i = 1; : : : ; I), with linearly homoge-

neous production functions qi(Li1; : : : ; Lij; : : : ; LiJ ;Ki), where Lij denotes labor input of

skill-type j (j = 1; : : : ; J), and Ki indicates the stock of capital installed in sector-i. We

assume capital to be homogeneous across sectors: Immigrants and natives are perfect sub-

stitutes. This is in line with the research tradition orginating from Borjas (1995).8 Total

supply of skill type j is given by Lj = �Lj +L
�
j , where �Lj is native and L

�
j is foreign labor.

Labor market equilibrium requires
PI

i Lij = Lj. The overall stock of capital is denoted

by K = �K +K�, where �K and K� denote domestic and foreign ownership, respectively.

While �K is assumed given and constant, the net foreign capital stock K� adjusts endoge-

nously, governed by perfect international capital mobility.9 Wage rates and the capital

6Endogenous immigration does not qualitatively change our key results, as long as immigrant labor
supply at domestic equilibrium wages is larger than the desired quota. Since we observe rationing in
many skill classes, exogenous immigration seems a reasonable research strategy, imperfect enforceability
of quota notwithstanding.

7Empirical research has consistently found evidence of bimodal skill distributions. See OECD (2001a,
table 5.8) for evidence based on educational categories, and Jasso et al. (2002) on US bimodality.
Bimodality is also observed for some EU countries; see Brücker et al. (2002, p. 24).

8Ethier (1985), Angrist and Kugler (2003) or Ottaviano and Peri (2005) assume that immigrants and
natives are imperfect substitutes in production.

9K� < 0 describes foreign investment in the host economy.
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rental are denoted by Wj and R: Importantly, while Wj is determined endogenously, the

rental rate R is given exogenously from the world capital market.

We assume uniform preferences across all domestic households (native and foreign),

represented by a homothetic and quasi-concave utility function u(D1; : : : ; Di; : : : ; DI)

where Di denotes consumption of good i. Hence, the distribution of factor ownership

across households does not matter for aggregate demand. We parametrize immigrant

income repatriation by � 2 [0; 1] with � = 1 implying that all immigrant income is spent

in the countries of origin. The budget constraint of the representative household is
IX
i

PiDi �
JX
j

Wj

�
�Lj + (1� �)L�j

�
+R

�
�K + (1� �)K�� ; (1)

where Pi is the price of good i: If there are strictly foreign goods, we treat them as a

composite good whose price is chosen as the numéraire. Otherwise, the choice of numéraire

is arbitrary.

It is well known that with concave production functions, perfect competition, and

absent any externalities decentralized pro�t maximization by �rms under perfect com-

petition leads to maximization of the value of domestic production (GDP), given goods

prices and factor endowments. With international capital mobility, �rm behavior leads

to endogenous adjustment of the domestic capital stock K; subject to a given world-

capital-rental R: In this case, Neary (1985) shows that the supply side of the economy is

summarized by a price-constrained revenue function

g(P1; : : : ; Pi; : : : ; PI ;R;L1; : : : ; Lj; : : : ; LJ) �

max
Lij ;Ki

nXI

i
Piqi(Lj1; : : : ; Lji; : : : ; LjI ;Ki)�R

XI

i
Ki

��� XI

i
Lij � �Lj + L

�
j

o
; (2)

which di¤ers from the usual GDP-function in that it considers the value only of production

which is attributable to labor (the quantity-constrained factor). Clearly, the �rst order

conditions to this problem correspond to the optimality conditions of competitive �rms.

For ease of exposition, we use vectors P = (P1; : : : ; Pi; : : : ; PI) ; L = (L1; : : : ; Lj; : : : ; LJ),

and similarly for other magnitudes. Moreover, we use subscripts to indicate partial deriv-
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atives. The revenue function g (:) has a number of useful features. It is convex in prices

(Pi; R) and concave in endowments (Lj). Applying the envelope theorem, we may write

Q = gP (P;R; L): (3)

which is to be read as an I � 1-vector of supply functions. Similarly, labor and capital

demands are implicitly given by

W = gL(P;R; L); and K = gR(P;R; L): (4)

Assuming that the number of factors is at least as large as the number of goods, the above

derivatives exist and are unique. The second expression in (4) captures the aforementioned

endogenous adjustment of the capital stock installed in the domestic economy. Domestic

ownership of capital stocks, �K, is no longer relevant for production. The net foreign

capital stock is K� = K(P;R; L)� �K:

From the envelope property, it follows that the revenue function of this capital-price-

constrained economy has the same properties with respect to goods prices and labor en-

dowments, inclusive of foreign workers, as the GDP-function for an exogenous capital en-

dowment. In particular, gL(P;R; L) is homogeneous of degree zero in L, and gLL(P;R; L)

is negative semi-de�nite. In other words, we may analyze the qualitative e¤ects of immi-

gration without having to pay attention to the role of capital stocks, provided that the

world-capital-rental remains constant. However, from the Le Chatelier-Samuelson prin-

ciple, it follows that in quantitative terms the price-constraint on capital stocks makes a

di¤erence. More speci�cally, endogenous wage reactions are dampened in a capital-price-

constrained economy, relative to an economy which is closed on capital markets; see Neary

(1985).

To set the stage for welfare analysis, we de�ne a native-income-function10

Y N = yN(P;R; �L;L�; �K) = g(P;R; L) +R �K �WL� (5)

10Welfare analysis of migration is complicated by the fact that immigration changes the domain of
people whose welfare may be considered. Following established tradition, we assume that foreign worker-
residents are part of foreign welfare; see Bhagwati and Srinivasan (1983).
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Notice that yN(�) inherits the envelope properties of g(�). Notice also the asymmetry

between foreign labor and foreign capital. If positive, K� is a truly foreign factor whose

income is always repatriated, while foreign worker-residents are national factors and there-

fore part of GNP. Their income may be remitted, but even if it is not, we do not consider

it as native income. This will be important when we turn to the welfare measure below.

Native income depends, separately, on domestic and foreign labor, �L and L�, and on

domestic capital ownership �K:

Turning to the demand side, we now distinguish between traded and non-traded goods,

decomposing P = fP n; P tg and D = fDn; Dtg ; where n and t denote non-tradable and

traded goods. The indirect utility function then emerges as

V = v(P n; P t; E) = max
Dn;Dt

u(Dn; Dt) s.t. P nDn + P tDt = E; (6)

where E denotes domestic expenditure by natives and immigrants

E = Y N + (1� �)WL�: (7)

Y N denotes native income as de�ned in (5), and (1� �)WL� is the share of immigrant

income spent in the host economy; see (1) above. Applying Roy�s identity to derive

commodity demand, the goods market equilibrium conditions can be written as

yNPn(P;R; �L;L
�; �K) = �vPn(P n; P t; E)=vY (P n; P t; E); (8)

yNP t(P;R; �L;L
�; �K) = �vP t(P n; P t; E)=vY (P n; P t; E) +M�(P t; �); (9)

where M�(P t; �) is foreign excess demand with a shift-parameter �.11

The two equilibrium conditions (8) and (9), together with (7) and the native income

function (5), alongside the associated envelope properties (4), determine goods prices P n

and P t; as well as wage rates and W and net foreign capital stocks K�: Native welfare is

then determined via (6). The exogenous variables are world capital rental rate, R, native

11We thus assume that foreign excess demand is independent on immigration. This greatly simpli�es
the analysis. It is fully justi�ed if in their home countries immigrants have not contributed in any
signi�cant way to market production, or where the country of origin is of minor importance as a trading
partner for the immigrant country.

7



factor ownership �L and �K, and the stock of foreign labor L�:

2.2 Native welfare and immigration

We can now turn to the welfare and wage implications of immigration. A key aspect of

our analysis is that we identify the e¤ects of marginal in�ows of foreign labor, dL�, given

certain levels of L� from past immigration. With many di¤erent (skill-)types of labor,

there is a vast variety of di¤erent wage e¤ects, depending on the exogenous skill structure

of the immigrant in�ow. It is well known, that the gain accruing to natives from the so-

called immigration surplus comes with the pain of wage adjustments.12 Can we separate

wage e¤ects that improve native welfare from those that don�t? Can we do so taking into

account potential terms-of-trade e¤ects?

Proposition 1 If dW is the wage e¤ect from a marginal �ow of immigration dL�, then

native welfare improves if and only if (L�+F )dW < 0, where F is the labor-content-vector

of net commodity imports.

The proof follows from totally di¤erentiating (6), making use of the envelope property of

the native income function

dV = vPndP n + vP tdP t + vEdY N (10)

where dY N = yNPndP
n + yNP tdP

t + yNR dR + y
N
L dL� d(WL�)

= QndP n +QtdP t �K�dR� L�dW (11)

hence dV = (Qn �Dn)dP n + (Qt � �Dt)dP t �K�dR� L�dW (12)

By de�nition, we have (Qn�Dn) = 0, and by assumption dR = 0: Introducing minimum

unit cost functions ct(W ) for tradable goods, the zero pro�t condition implies

12The literature usually looks at the immigration surplus as an inframarginal e¤ect, jumping from
L� = 0 to some �large�L� > 0. It normally uses simple models with only one or two types of labor,
whence there is an easy conclusion that the aggregate welfare gain for natives as a whole is the larger,
the larger the wage e¤ect; see Borjas (1995,1999). We try to explore this nexus in a more general way,
and we want to do so for marginal e¤ects.
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dP t = ctW (W )dW = AtdW (13)

where ctW (W ) = A
t is a matrix of cost-minimizing input-coe¢ cients for tradable goods.13

Thus, (Qt �Dt)dP t = �FdW and

dV = �(L� + F )dW (14)

which completes the proof.

Proposition 1 looks at distributional and welfare e¤ects in factor price space. In

the standard case, any positive welfare e¤ect from immigration at the margin derives

from a loss of income su¤ered by the pre-existing stock of foreign labor L�. However,

with a terms-of-trade e¤ect the �welfare leverage� is extended to include F , which is

the labor embodied in net commodity imports: The proposition thus reveals a normative

interpretation of the factor content of trade which is a key magnitude used in tests of

the factor endowments theory of comparative advantage. Natives gain from immigration

if the attendant wagece¤ects imply that the stock of foreign labor used in the domestic

economy plus the factor content of net imports falls in value. In what follows, we call

L� + F the overall (net) labor import.

Wage e¤ects from immigration are, of course, subject to the factor price frontier. It is

well known that this frontier is convex, supported from below by a hyperplane LdW = 0;

see Dixit & Norman (1980). Hence, provided that L� 6= L; the pre-existing stock of

foreign labor L� gives rise to a marginal welfare e¤ect which may be positive or negative,

according to whether or not the condition of proposition 1 is met. This is in contrast to

the traditional view, where the immigration surplus is a strictly infra-marginal concept,

and where the e¤ect is positive, no matter how the in�ow is structured with respect to

skills.

For a small economy, since dP t = 0; we have FdW = 0. For a large economy, a terms-

of-trade e¤ect from immigration implies FdW 6= 0. At the same time, goods price changes

13Notice that if there are pure import goods (with no domestic production) these are treated as a
composite good which is taken as the numéraire; see above.
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shift the factor price frontier, whence LdW 6= 0: As a result, immigration has a �rst order

welfare e¤ect, even if L� = L, or L�+F = L. For the sake of illustration, we may look at

the two factor case with skilled and unskilled labor. Suppose that there is a pre-existing

stock foreign labor for unskilled labor only, L�u > 0; and L
�
s = 0: Suppose, moreover, that

L�u + Fu < 0; with Fs > 0:14 Then, the condition of proposition 1, L�udWu + FudWu <

FsdWs, will hold whenever the wage rate for unskilled labor increases. This is in stark

contrast to Borjas (1995, 1999), where the domestic wage must fall for native welfare to

increase.15 Somewhat paradoxically, a terms-of-trade deterioration (fall in the price of

the unskilled-labor-intensive good) caused by immigration of unskilled labor is associated

with a welfare increase for natives. The intuition is that a large indirect use of unskilled

foreign labor, through the labor content of commodity imports Fu, over-compensates the

e¤ect that arises from the direct use of immigrant unskilled labor, L�u.

Given the structure of the domestic economy, the wage e¤ects of immigration depend

on the pattern of labor in�ows. Thus, proposition 1 puts an implicit restriction on dL�,

for the attendant wage e¤ects to be associated with an improvement of native welfare. To

obtain further insights, we need to trace the wage e¤ects dW back to the in�ow of foreign

labor dL�.

According to (4), domestic wage rates follow

dW = gLLdL� + gLPndP n + gLP tdP t (15)

where gLL = gLL(P n; P t; R; L) is negative semi-de�nite, due to concavity of g in L. The

term gLPn = gLPn(P
n; P t; R; L) is a matrix of Stolper-Samuelson e¤ects of goods prices

on wages, and analogously for gLP t = gLP t(P n; P t; R;L). The next section will introduce

a stylized model which facilitates explicit solution, taking account of endogenous price

14Notice that Fu and Fs might well both be negative, even in the steady state, if there is outward
investment, K� < 0; whence there is net capital income from abroad.
15It is worth pointing out here that, with a traded good as the numéraire, it is impossible for all wages

to simultaneously fall or rise. This follows from the enemy and friendship relationships derived in Ethier
(1984).
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adjustments dP t and dP n. At this stage, we simply write dP n = 'nLdL
� and dP t =

'tLdL
�, where 'nL and '

t
L are matrices of reduced form, general equilibrium derivatives

of commodity prices with respect to labor endowments. Inserting back into the welfare

di¤erential (14), we obtain

dV = �(L� + F )(gLL + gLPn'nL + gLP t'tL)dL� (16)

Equation (16) is a general representation of the Borjas-type complementarity e¤ect plus

the D&W-type goods price e¤ect on native welfare. The complementarity e¤ect is cap-

tured by the matrix gLL, which is a matrix of own and cross labor demand elasticities.16

Loosely speaking, this channel is governed by elasticities of substitution between various

kinds of labor in production of traded and non-traded goods. In (16), this e¤ect is aug-

mented by a Stolper-Samuelson-mechanism, according to which endogenous goods price

adjustments feed back into wage e¤ects. As usual, this is governed by the labor intensi-

ties of traded and non-traded goods production, captured by gLP t and gLPn. Finally, the

matrices 'nL and '
t
L include demand elasticities, and in particular the price elasticity of

foreign excess demand M�(P t; �).

The notion of a positive Borjas-type complementarity e¤ect relies on the presumption

that the term L�gLLdL� is negative. It is a general analogue to the notion that employment

of immigrant labor occurs along a downward-sloping marginal product (demand) curve.

We can state this in terms of the following proposition:

Proposition 2 i) For a small economy, the generalized Borjas-type complementarity

e¤ect, �L�gLLdL�, is strictly positive only if it alters the composition of domestic labor

endowment L = �L+ L�. ii) It is guaranteed to be positive, if the in�ow of immigrants is

such that it leaves the composition of L� unchanged and g is strictly concave in L.

16When considering the role of non-traded goods and income repatriation, we will distinguish between
technical complementarity (the term gLL) and demand-based complementarity driven by di¤erences in
preferences between natives and immigrants.
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The proof is as follows. For a small economy, we have dP t = 0; and hence FdW = 0. If

immigration leaves domestic labor endowment ratios unchanged, we have dL� = �(�L+L�),

where � is a positive scalar. Since gL(P n; P t; R; L; �K) is homogeneous of degree zero in

labor endowments, we have gLLdL� = �gLL(�L + L
�) = 0. This establishes part (i) of

the proposition. On the other hand, for immigration to leave the skill composition of

foreign workers unchanged we must have dL� = �L� for some positive scalar �. In this

case we have L�gLLdL� = �L�gLLL�, which is negative if g is strictly concave in L: This

establishes part (ii) and thus completes the proof.

The standard approach pursued by Borjas (1995, 1999) identi�es the immigration

surplus as the e¤ect of a discrete in�ow of labor. The innovation in the above proposition

2 is that it looks at a marginal in�ow, with a pre-existing stock of foreign workers already

present in the economy. In principle, the standard surplus may be recovered from the

proposition by integrating over L�, but the marginal perspective gives rise to a new

element. Thus, in contrast to the discrete case, (i) alone is not su¢ cient for the existence

of a positive immigration surplus, due to pre-existing foreign worker-residents L�. On

the other hand, while (i) plus (ii) together constitute a su¢ cient condition, condition

(ii) is not necessary for the complementarity e¤ect to arise. It merely rules out that

additional immigration boosts wage payments to the existing stock of immigrants via

complementarity, thereby reducing the surplus available to natives. In contrast to the

results in Borjas, the term �L�gLLdL� can be negative (negative immigration surplus),

even if gLL is strictly concave and the in�ow does change the composition of the total

labor force.

Notice that Rybczynski-type internal reallocation of labor may allow the economy to

absorb dL� at unchanged marginal value productivities gL, in which case L�gLLdL� = 0.

Hence, proposition 1 requires strict concavity in (ii), as this rules out such �at segments

of the general equilibrium labor demand functions. The next section will turn to a special

model where strict concavity is guaranteed through sector-speci�city of factors.
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The generalized Borjas-type complementarity e¤ect does not capture the full native

welfare e¤ect, even for a small economy. The reason is that there are non-traded goods,

whence the pure complementarity e¤ect is augmented by the wage implications of non-

traded goods price adjustment. Since gPnL gives the Rybczynski-e¤ect of endowment

changes on the outputs of non-tradable goods, we may call P ngPnLL� the value of non-

tradable goods production which is �Rybczynski-equivalent�to foreign labor L�. It is a

scalar measure of the extent to which the pre-existing stock of foreign labor (as opposed

to the marginal in�ow dL�) is biased towards production of non-traded goods. Young�s

theorem implies that L�gLPn'nLdL
� = L�gLPndP n = dP ngPnLL�, which leads to the

following proposition on the augmented complementarity e¤ect.

Proposition 3 For a small economy, the complementarity-based immigration surplus is

reinforced (mitigated) by non-tradable goods, if non-tradable goods price adjustment lowers

(increases) the value of non-traded goods production which is �Rybczynski-equivalent� to

the stock of foreign workers.

Notice that the change in �Rybczynski-equivalent�production depends on the aforemen-

tioned demand elasticities via the matrix 'nL. It is therefore important to what extent

income of marginal migrants is repatriated or spent domestically; see the parameter � in

(7) above. This will be highlighted further in our simulations below.

Non-traded goods price adjustment has an e¤ect on native welfare only through the

Stolper-Samuelson factor price e¤ect highlighted by the preceding proposition. There is

no �rst-order e¤ect of goods price changes, since by de�nition Qn = Dn; see equation

(12). By way of contrast, terms of trade changes have a �rst-order e¤ect on welfare,

which is re�ected by the fact that the complementarity e¤ect operates on overall labor

imports, including F , instead of the stock of migrants L� alone. Moreover, the Stolper-

Samuelson augmentation of this e¤ect now includes traded goods production, in addition

to non-traded goods. We can summarize this in the following proposition.
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Proposition 4 i) For a large economy, the generalized Borjas-type complementarity ef-

fect, �L�gLLdL�, is strictly positive only if it alters the composition of domestic labor en-

dowment L = �L+L�. ii) It is guaranteed to be positive, if the in�ow of immigrants takes

place in equal proportions to the overall import of labor, L� + F: iii) The complementar-

ity e¤ect is reinforced through endogenous goods price adjustments via Stolper-Samuelson

e¤ects on wages, if the value of domestic output which is �Rybczynski-equivalent� to the

overall (net) labor import, L� + F; is increased.

Part i) of this proposition is exactly as for the small economy above, and parts ii) and iii)

follow by analogy.

Propositions 1 through 4 highlight three di¤erent channels for wage and welfare e¤ects

of immigration that have so far been emphasized in separate strands of the literature: the

Borjas-type complementarity e¤ect, the D&W terms of trade e¤ect, and the non-traded

goods price e¤ect. The pure complementarity e¤ect is captured by the term L�gLLdL�

where the crucial point is the composition of the labor in�ow dL�; relative to endowment

L and the pre-existing stock of foreign labor L�: Notice that this e¤ect is of second-

order, disappearing whenever L� = 0: The terms of trade e¤ect changes the leverage of

complementarity to include the labor content of net imports F; in addition to the stock of

foreign labor L�: What matters now is the composition of dL�, relative to L and overall

labor imports L� + F: Notice that the e¤ect has become �rst-order in nature; a non-zero

e¤ect may arise at the margin, even if L� = 0: The terms of trade e¤ect also augments

the scope of complementarity through the Stolper-Samuelson e¤ect on wages, captured by

gLP t : Finally, a Stolper-Samuelson-type augmentation of complementarity obtains even

for a small economy through the term gLPn in equation (16) above. However, since for

a small economy we always have FdW = 0; non-traded goods prices as such give rise

only to a second-order e¤ect.17 But in general, the coexistence of �rst- and second-order

e¤ects suggests that the welfare e¤ect of immigration may be non-monotonic in the size

17In equation (12), this is seen from the condition that Qn = Dn:
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of the in�ow. This expectation is borne out by the simulation exercise below.

3 A speci�c-factors model

3.1 Setup

Keeping the general assumptions as above, this section moves to a modi�ed speci�c factors

model that allows to sharpen our results and to generate additional insights.18 In this

section, the model is solved in log-linear form. In the subsequent section, a calibration-

based numerical solution will provide a quantitative assessment of the channels discussed

above.

It was mentioned above that international migration often exhibits a bimodal skill

distribution. To model this, we set L = fH;M;Ug, where H is high-skilled labor, M

is labor with a medium skill level, and U is unskilled labor, with associated wage rates

W =
�
W h;Wm;W u

	
. As above, we denote native quantities with bars and immigrant

stocks with asterisks. We assume three goods, an export good X, an import good Z, and

a non-tradable good N . Residents (native or foreign-born) consume all of these goods

while production is specialized in the exportable and the non-tradable good.19

In many OECD countries, the market based non-tradable sector20 is less skill-intensive

than the export sector; see e.g. Dimaranan and McDougall (2002). We therefore assume

that exportables use high-skilled labor, alongside medium-skilled labor which is also used

in the non-tradable sector, together with unskilled labor. Opposite skill-intensity assump-

18The speci�c-factors structure has been used extensively in the study of international migration; see
Jones (1979), Srinivasan (1983), Razin & Sadka (1997,2001), and Bilal et al. (2003).
19This assumption re�ects specialization driven by product di¤erentiation and endowments- and

technology-based comparative advantage. This implies that production is specialized on a subset of
goods, the demand of which is �nitely elastic; see Marquez (2002).
20As opposed to those non-tradable goods that have public good character, such as health, education,

security, public administration, etc.
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tions can be easily implemented by simply relabeling factors.21

Outputs in the N - and the X-sector are generated according to CES production

functions

qn (Un;Mn) =
h
anU

�n�1
�n + (1� an) (Mn)

�n�1
�n

i �n

�n�1
; �n > 0; (17)

qx (Hx;Mx) =
h
axH

�x�1
�x + (1� ax) (Mx)

�x�1
�x

i �x

�x�1
; �x > 0; (18)

where �n and �x denote elasticities of substitution, and 0 < ax < 1; 0 < an < 1 are

parameters governing labor intensities. Natives and immigrants have identical Cobb-

Douglas utility functions.22 They solve

max
Dx;Dn;Dz

A (Dx)�
x

(Dn)�
n

(Dz)1��
x��n s.t. PDn + P xDx +Dm � E (19)

where Dj indicates consumption of good j and P j are the associated goods prices (by

choice of numéraire P z = 1). This leads to Marshallian demand functionsDn = �nE=P n; Dx =

�xE=P x and Dz = (1� �n � �x)E: We add a foreign demand function for good X,

Dx� =  (P x)��
x�
Y �, with price elasticity �x� and unitary income elasticity. Using �

to denote the share of domestic demand, the overall price elasticity of demand for the

exportable is � � �+(1��)�x�: As in chapter 2 above, domestic expenditure E is income

of natives plus the non-repatriated share of immigrant income:

E = W h
�
�H + (1� �)H��+Wm

�
�M + (1� �)M��+W u

�
�U + (1� �)U�

�
+R �K: (20)

3.2 Equilibrium conditions

Pro�t maximizing behavior of �rms implies that factors are paid their marginal value

products. Full employment of labor requires Mn +Mx = M , Un = U; Hx = H: Hence,

sectoral factor use is determined by the following conditions:

21The fundamental assumption is that extreme skill classes exhibit sector-speci�city, whereas medium-
skill labor moves freely between sectors.
22The use of Cobb-Douglas preferences rules out cross-price-e¤ects in demand, which facilitates inter-

pretation of subsequent simulation results.
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Wm

W u
=

1� an
an

�
U

Mn

�1=�n
; (21)

Wm

W h
=

1� ax
ax

�
H

M �Mn

�1=�x
: (22)

The zero pro�t conditions are

P n =

�
W u

an1

�"
1 +

�
Wm

W u

an

1� an

�1��n# 1
1��n

; (23)

P x =

�
W h

ax1

�"
1 +

�
Wm

W h

ax

1� ax

�1��x# 1
1��x

: (24)

These two equations jointly describe the factor price (wage) frontier mentioned in the

preceding section. Together, equations (21) to (24) describe the supply side of the model

and pin down wage rates and the allocation of medium-skilled labor as a function of goods

prices and labor endowments.

Market clearing conditions for non-traded and export goods are

qn (U;Mn) = �nE=P n; (25)

qx (H;Mx) = �xE=P x +  (P x)��
x�
Y �; (26)

where qn (:; :) and qx (:; :) ; and E have been de�ned in (17), (18) and (20). Given

(25) and (26), balanced trade follows from Walras� law.23 Hence, equations (20), (21),

(22), (23), (23), (25), and (26) form a system of seven equations in seven unknowns

(W u;Wm;W h;Mn; P n; P x; E): The model exhibits the regularity conditions that guaran-

tee existence of a unique equilibrium.

We now characterize comparative static properties of this equilibrium by means of

log-linearization, using �hats� to denote changes from initial equilibrium values: ŷ =

ln
�
y+dy
y

�
'dy=y: Allowing for exogenous marginal changes M̂; Û ; and Ĥ; and writing

� =Mx=M; conditions (21) and (22) imply

23Speci�cally, goods market equilibrium implies current account balance P xDx��Dz = �E�; the value
of exports is equal to the value of imports plus repatriated income of immigrants.
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Ŵm � Ŵ u =
1

�n

�
Û � M̂n

�
; (27)

Ŵm � Ŵ h =
1

�x

�
Ĥ � 1

�
M̂ +

1� �
�

M̂n

�
: (28)

These equations establish a link between wage e¤ects and endowment changes, as well

as reallocation of medium-skilled labor. Substituting the zero pro�t conditions (23) and

(24) into the market clearing conditions (25) and (26), we obtain

�nÛ + (1� �n) M̂n = Ê �
h
�nŴ u + (1� �n) Ŵm

i
; (29)

�xĤ + (1� �x)
�
1

�
M̂ � 1� �

�
M̂n

�
= �Ê + (1� �) Ŷ �

��
h
�xŴ h + (1� �x) Ŵm

i
; (30)

where � is the price elasticity of demand for the exportable, and �n and �x are the cost

shares of low-skilled and high-skilled labor, respectively, in the non-traded and the export

sectors.24 Finally, linearization of (20) yields

Ê = h
�
Ŵ h + �Ĥ

�
+ u

�
Ŵ u + �Û

�
+
�
1� h � u

� �
Ŵm + �M̂

�
; (31)

where j denotes the share of factor j 2 fu;m; hg in total labor income. For simplicity,

initial stocks of immigrant labor are set to zero.

Inserting domestic expenditure from (31) into the goods market clearing conditions

renders a system of four equations, (27) through (30), that determines the wage and re-

allocation e¤ects, Ŵ h; Ŵm; Ŵ u and M̂n; from labor in�ows Ĥ; M̂ and Û : Notice that

goods prices adjust endogenously in the background, whereby Ê in equations (29) and

(30) generates considerable complexity. A full analytical solution of the model, including

the native welfare e¤ect, is given in the appendix. Section 4 presents numerical solutions

for various immigration scenarios. The next subsection illustrates the interaction of sub-

stitution and demand elasticities under the assumption that Ê = 0: We also hold foreign

24The appendix provides the details of the derivation. Notice that the cost shares are identical to the
output elasticities.
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income constant.25

3.3 Wage e¤ects of immigration under endogenous goods prices

Setting Ê = 0 renders the model tractable enough to derive a number of interesting

propositions that complement the general results of section 2. The key forces driving

immigration e¤ects are conveniently identi�ed by focusing on demand for mobile (medium-

skilled) labor in the non-tradable and export sector, and on the wage frontiers emerging

from the zero pro�t conditions. The novel feature is that these forces appear in augmented

forms, incorporating endogenous goods price adjustment. Using (27) to substitute for Ŵ u

in (29), and similarly combining (28) and (30) gives rise to augmented mobile labor labor

demand schedules in the two sectors:

Ŵm = Ê + �n
1� �n
�n

Û ��
n + �n (1� �n)

�n| {z }
"n

M̂n; (32)

Ŵm = �x
� � �x
�x�

Ĥ���
x + �x (1� �x)

�x�| {z }
"x

� 1
�
M̂ � 1� �

�
M̂n| {z }

�M̂x

�
: (33)

Endogenous goods prices notwithstanding, the inverse labor demand elasticities "n and

"x are always negative, ensuring a unique equilibrium allocation Mn: However, endoge-

nous goods prices make a di¤erence for cross-elasticities Ŵm=Û and Ŵm=Ĥ, their sign

depending on � � �x and 1� �n:26 For instance, � � �x < 0 implies that the price e¤ect

dominates the complementarity e¤ect, whence the marginal value productivity ofMx falls

as H increases. Given � � �x > 0, the increase is the larger, the higher the degree of

complementarity (measured by �x) and the smaller the price elasticity of demand.27

25Assuming Ê = 0 is valid if preferences are quasilinear in the imported good. It is also valid if domestic
expenditure is held constant by macroeconomic policy, in which case the current account endogenously
adjusts to non-zero values.
26Due to Cobb-Douglas preferences, demand for non-tradable goods exhibits unitary price elasticity.
27In a similar vein, Wm is non-decreasing in domestic or foreign income, since higher prices mandate

higher wage rates. This e¤ect is zero if � !1; whence higher income is absorbed on the goods market
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For given goods prices, a lower wage for mobile (medium-skilled) labor would always

mandate a higher wage for speci�c (high- or low-skilled) labor. With goods prices ad-

justing endogenously, this is no longer true. Our model implies augmented wage frontiers

which are found by combining equations (27) with (29) and (28) with (30).28

Ŵm = ��
x + ��x=(1� �x)

� � �x| {z }
!x

Ŵ h � Ĥ

(1� �x) (� � �x) ; (34)

Ŵm = ��
n + �n=(1� �n)

1� �n| {z }
!n

Ŵ u � Û

(1� �n) (1� �n) : (35)

In these expressions, !n and !x indicate generalized elasticities between the medium-

skilled wage rate Wm and sector speci�c wage rates in the non-tradable and exportables

sector, respectively: The slope of the augmented wage frontiers depend on the signs of

� � �x and 1� �n, respectively. Two opposing forces are at work. The complementarity

e¤ect is responsible for the traditional immigration surplus which decreases with �, while

the price-sensitivity of demand governs the goods price e¤ects of immigration. A low

value of �� in � � � + (1� �) �� works towards a deterioration of the terms-of-trade,

potentially o¤setting the complementarity e¤ect. For a small country, � !1; and !x is

equal to ��x= (1� �x) : On the other hand, if �x ! 1, then !x is 1, and if �x ! 0 it is

equal to ��x= (1� �x). Similar results obtain for �n: If �x = �; then any value of Wm is

compatible with a given W h:

Relying on this parameterization of technological complementarity and goods price

endogeneity, we now identify certain important cases with clear predictions regarding the

wage and welfare e¤ects of immigration. The propositions derived also retrieve existing

results as special cases within our more general framework

Proposition 5 If the economy is small and all goods are tradable (�x !1; �n !1) ;

without pressure on prices. In the remainder, we set Ŷ � = 0.
28The working paper version of this paper draws on a generalized version of Mussa�s scissors diagram

to illustrate the recursive nature of the solution.
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and if the economy is fully diversi�ed, then immigration has the following implications:

(i) Immigration of whatever pattern is devoid of wage- or welfare e¤ects, if either �x or

�n is in�nite.

(ii) If �x and �n are �nite, sector-speci�c immigration bene�ts mobile labor, while hurting

both types of sector-speci�c labor. Immigration of mobile labor bene�ts sector-speci�c

labor at the expense of mobile labor.

(iii) If �x and �n are �nite and L� 6= ��L, with � a constant scalar, immigration generates

a positive native welfare e¤ect (Borjas).

The proof follows from solving (27) to (30) under the above parameter restrictions, see

the appendix for details. Part (i) generates a case with an equal number of goods and

factors, where the zero pro�t conditions alone determine factor rewards, independently on

endowments. The crucial point in (i) is that a low elasticity of substitution within a sector

receiving industry-speci�c migration is not enough to establish a complementarity-based

immigration surplus. If the industry faces perfectly elastic domestic supply of intersec-

torally mobile labor, then the immigration surplus vanishes as well. More generally,

reallocation of the mobile factor erodes complementarity in general equilibrium and alle-

viates the wage pressure in the receiving sector, but only to have it re-appear in the other

sector which does not receive any immigration. And, as we have shown in proposition 1,

barring wage e¤ects there cannot be any native welfare e¤ect.

Next, we turn to a �nite price-elasticity of export demand, �rst assuming that good

N is tradable as well, with a given world price. Now we must distinguish between native

income and native welfare. A lower price of the export good hurts labor income, but

lower prices bene�t consumers so that the net e¤ect on welfare is ambiguous a priori.

Equation (33) reveals how high-skilled immigration, Ĥ > 0, a¤ects domestic wages. While

complementarity drives up Wm according to �=�x > 0, the attendant reduction in P x

exerts downward pressure on W n in line with ��=� < 0. This latter e¤ect involves

Ricardo-Viner-type real income changes: Wm falls, but less than proportionally with P x,

and W h falls more than proportionally with P x. A worsened terms-of-trade is shouldered
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by domestic and foreign high-skilled labor, �H andH�, and domestic medium-skilled labor.

Unskilled natives unambiguously gain from Ĥ > 0; not because of direct technological

complementarity, but because the price e¤ect triggers reallocation of mobile labor into

their sector. This same price e¤ect erodes direct complementarity for medium-skilled

workers. They su¤er a real income loss unless � � �x > 0.

Proposition 6 If both X and N are tradables and both goods are produced domestically,

and if X is an export good with �nite elasticity � and N is an imported good with a given

world price, then the following holds:

(i) If �� �x > 0, then the distributional consequences of immigration of whatever pattern

are as in proposition 5 (ii) above.

(ii) If � � �x < 0 and �n is �nite, and if X is a pure export good, then immigration of

(sector�X-speci�c) high-skilled labor leads to a negative welfare e¤ect (Davis-Weinstein).

The immigration loss is accompanied by a reverse internal reallocation of mobile labor

into the N-sector, and the loss is more than fully accommodated by a real income loss to

H-type labor and mobile M-type labor, with a real income gain for unskilled labor.

Assuming a given world price of N implies �n ! 1. Part (i) of the proposition then

follows from the previous paragraph, with wage rates for high-skilled and unskilled labor

falling. Note that statement (i) involves no prediction on native welfare. Even if the

complementarity e¤ect dominates, � � �x > 0, native income may fall, since the terms-

of-trade deterioration negatively a¤ects H-type labor income.

Statement (ii) is a welfare statement, focusing on the case where X is a pure export

good; see Ethier (1985). This implies Dx = 0 and � = ��. Then, any native income

gain is equivalent to a welfare gain, and vice versa. In the limit where � � �x ! 0, the

complementarity and the terms-of-trade o¤set each other and demand for mobile labor in

the export sector remains unchanged. There is no reallocation of mobile labor, and GDP

before and after immigration are the same, hence GDP per capita falls. As immigrant

wages are paid out of an unchanged GDP, immigration thus reduces native income. A
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fortiori, native income is lowered if � � �x < 0. With �n ! 1 and Dx = 0, domestic

consumer prices remain constant, and lower native income implies an immigration loss.

Next, we turn to the core interpretation of our model, where N is a non-tradable good,

with a unitary price elasticity of demand. There is now a borderline given by �n = 1. It

is straightforward that part (i) of proposition 5 is upheld if �n < 1. But the price e¤ect

for the non-tradable complicates the welfare analysis.

Proposition 7 If the domestic economy produces a non-tradable good N and a pure

exportable X with �nite demand elasticity �, and if there is a pre-existing stock of foreign

unskilled labor (U� > 0), then, marginal immigration of (X-speci�c) high-skilled labor

entails a native welfare loss, if � � �x < 0 and �n is �nite.

This follows from the previous proposition and section 2, where we have shown that at the

margin there is no direct welfare e¤ect from any change in P n, while the terms-of-trade

deterioration constitutes a �rst-order welfare loss. Notice, however, that for a discrete

in�ow of high-skilled labor the ensuing fall in the price of the non-tradable good becomes

welfare-relevant. The proposition highlights a further case which is in the spirit of the

D&W-result, although complementarity is not ruled out a-priori.

If 1 � �n < 0 and � � �x < 0, there is complete dominance of price e¤ects. From

equations (29) and (30), we have !n > 0 and !x > 0 so that all wage rates are positively

correlated. Since Û > 0; Ĥ > 0 and M̂ > 0 independently all result in a lower Wm; all

nominal wage rates have to fall, irrespective of the exact skill pattern of immigration.

However, looking at nominal wages is not enough for welfare conclusions. Changes in real

wages are found by setting the full solutions for Ŵ h, Ŵm and Ŵ u against price changes

according to �xP̂ x + �nP̂ n = �x[�xŴm + (1 � �x)Ŵ h] + �n[�nŴm + (1 � �n)Ŵ u]. Price

e¤ects �and hence real wage e¤ects �will be larger the larger the share of export sales in

X-output, 1��, the larger the shares of good X and N in domestic expenditure, �x and

�n; and the higher �; the share of immigrant income that is repatriated. With high �; low-

skilled immigration boosts the supply of the non-tradable good, while immigrant income
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does not contribute to domestic demand. Hence, there is strong downward pressure on

P n, which may show up in a lower aggregate price index. On the other hand, if � is low

and immigration is speci�c to the export-sector, then the expansionary demand e¤ect may

lead to in�ationary pressure on P n and the price index; see (20) above. The quantitative

importance of such price changes for the native welfare e¤ects of immigration will become

apparent in the next section.

4 A numerical perspective

Do the channels discussed above make a di¤erence also in quantitative terms, relative

to what has been pointed out in the literature? What are the structural characteristics

of an immigration country that make them particularly important? In this section, we

focus on the �rst question, but also provide some evidence on the second. We pursue a

calibration-based numerical solution of our speci�c-factors model for certain immigration

scenarios, which allows us to extend the focus beyond the con�nes of analytical tractability.

We depart from the simplifying assumption of constant domestic expenditure (Ê = 0),

whence income repatriation becomes important, as argued above. Moreover, we may

look at discrete labor in�ows of varying size, in order to see if the potential for non-

monotonicity that we have pointed out in section 2 is likely to be important empirically.

And �nally, we re-introduce capital in our production relationships. This is warranted by

the Le Chatelier-Samuelson principle which implies that the wage e¤ects are less severe,

quantitatively, for an economy which is open to world capital markets than for an economy

where capital plays no role, even though the results that we have derived so far are upheld

in qualitative terms; see Neary (1985).

The aim of this section is not to evaluate existing immigration policies, or policy pro-

posals, for certain countries. More modestly, the aim is simply to gauge the quantitative

importance of the mechanisms for welfare and distribution e¤ects highlighted above, and

to do so for realistic parameter values and immigration scenarios. In this way we may
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also relate variations in country characteristics to variations in wage and welfare e¤ects.

We hope that our theory will prove useful towards a better understanding of the political

economy of immigration policies.

4.1 The calibration approach

We use extraneous information on elasticity values to parameterize our model. If such

data is not available, we determine model parameters from equilibrium conditions, such

that the model replicates key empirical magnitudes, such as the degree of openness or the

distribution of wage income over skill classes. More speci�cally, we take �� from recent

econometric evidence on trade elasticities. For domestic demand we assume budget shares

for tradables and non-tradables from observations for a typical OECD (immigration-)

country. We nest the production functions speci�ed in (17) and (18) into a more general

CES-function which includes capital as an additional factor. We use econometric evidence

for elasticities of substitution between capital and labor and between di¤erent types of

labor. Production and cost-shares are calibrated from stylized observations for a typical

OECD country, such as the importance of non-tradable goods in production or the share

of exports over GDP. As regards the native skill distribution, we rely on OECD labor

force data. And �nally, in order to calibrate benchmark equilibrium wage rates, we

utilize observations on the distribution of labor income over skill classes. This calibration

strategy makes sure that our benchmark equilibrium resembles a generic OECD economy.

The appendix describes further details, including sources, and presents the full benchmark

data set in table A.2.

4.2 Simulation results

We present scenarios that di¤er in the assumed skill content of immigration, as well

as in the degree of immigrant income repatriation. We consider (1) a perfectly balanced

in�ow, where the immigrant and native labor force share the same skill-composition, (2) a
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simultaneous immigration of high- and unskilled workers (�in�ow at tails�), whereby 80%

of the in�ow are unskilled workers and 20% is skilled labor, (3) an in�ow of high-skilled

workers only, and (4) an in�ow only of unskilled workers. To ensure comparability with

the results obtained by Borjas (1995,1999) and Davis&Weinstein (2002), our base-case

simulation assumes that d(H�+M�+U�)=( �H+ �M+ �U) = 0:12, where H� =M� = U� = 0

initially.29 Scenario (2) is the most realistic one, as it features bimodality as well as

dominance of unskilled immigrants in OECD countries. We present the polar cases where

� = 0 and � = 1. Note that if � = 0, scenario (1) is similar to section II in Davis&Weinstein

(D&W) in that it precludes complementarity e¤ects between di¤erent types of labor. It

is, however, di¤erent from D&W where all goods are tradable.

Table 1 reports the base-case for each scenario, panel a) assuming � = 0 and panel b)

assuming � = 1. Figures 1 through 4 illustrate how the welfare e¤ect varies with the size

of the in�ow and the degree of immigrant income repatriation, comparing the base-case

where �� = 2 with the small country case where �� =1. The central magnitude reported

is the welfare e¤ect, measured by the equivalent variation. This is the additional income

that would be necessary �at initial prices �for natives to achieve their post-immigration

level of welfare. It can be written as EV = e(P n0 ; P
x
0 ; 1) � [Y n1 =e(P n1 ; P x1 ; 1)] � Y n0 , where

subscripts 0 and 1 indicate pre- and post-immigration values and and e(�) denotes the

unit expenditure function (the true price index). EV is an exact measure of the change

in native real income. In percent of initial native income, we have

EV

Y N0
=

Y N1
e(P n1 ; P

x
1 ; 1)

�
Y N0

e(P n0 ; P
x
0 ; 1)

� 1: (36)

Native income Y N is as de�ned in (5). Since all types of labor have the same pref-

erences and labor supply is perfectly inelastic, we may compute skill-speci�c EV s by

using the respective wage rates of the pre-immigration and the post-immigration situa-

29In scenarios that focus on the in�ow of a single factor, the proportional change in the stock of that
factor may be dramatic. For example, if low-skilled labor accounts for 30% of the total native labor force,
an immigration-driven increase of the total labor force of 12% increases the stock of low-skilled labor by
100(0:12=0:3)% = 40%:
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tion instead of Y n: The real wage e¤ects reported in table 1 may thus be interpreted as

EV -based welfare assessments for separate groups of labor. Notice, however, that overall

welfare includes welfare of capital owners. We also report the Gini coe¢ cient, the general

equilibrium labor demand elasticities, and the percent changes in real wages. We organize

the discussion of our �ndings around three core results.

Result 1: Non-tradable goods strengthen the complementarity e¤ect. They lead to a

larger degree of income redistribution among factors, but also entail a larger overall welfare

gain. However, the welfare e¤ect is non-monotonic in the size of the in�ow.

D&W �nd that an immigration-induced increase in overall endowment of about 12% re-

sults in a 0.8% loss in native real income, due to a terms-of-trade deterioration. Column

(1) of table 1 covers the corresponding case of proportional immigration where the com-

plementarity term �L�gLLdL� in proposition (2) is zero. Although we have chosen the

same trade elasticity as D&W, the welfare loss is down to 0.55%. The reason is that a

lower export price is coupled with a falling price of non-tradables, which increases the real

value of interest earnings; hence the di¤erence between real wage e¤ects and overall wel-

fare. The loss is further reduced if immigration is bimodal, with a bias towards unskilled

workers (column 2). Exports expand at a lower rate, with a less severe terms-of-trade

deterioration. Combined with a bene�cial complementarity e¤ect, this brings the welfare

loss down to a mere 0.15%. If all immigration is speci�c to the non-tradable sector (i.e.,

unskilled labor), then the welfare e¤ect turns positive, with a sizable gain of 0.82%. While

D&W(section V.B) argue that labor heterogeneity makes little di¤erence for the welfare

e¤ect of immigration, our results indicate that, with non-tradable goods in the picture, it

does.

We have argued in section 2 that the �rst-order terms-of-trade e¤ect, coupled with

a second-order complementarity e¤ect, may give rise to non-monotonicity in the size of

the in�ow. Figure 1 shows that this is more than a theoretical possibility. For export-

sector-speci�c (i.e., high-skilled) immigration, the welfare e¤ect reaches a minimum of
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about -3.15% of GDP with an in�ow of 24%. This is, of course, well beyond realistic

proportions. But the bimodal scenario features a much lower point of turnaround at 12%,

which is roughly equal to the D&W-magnitude. This �nding has normative implications:

While the D&W result might suggest a restrictive policy to redress native welfare, our

framework suggests similar bene�ts could be achieved by an opposite policy.

Result 2: If � = 1 and �� =1, an unbalanced in�ow need not be bene�cial for natives,

while a perfectly balanced in�ow always is. Moreover, the welfare e¤ect of immigration

increases with the degree of immigrant income repatriation.

Setting �� = 1 makes our framework comparable to Borjas (1995,1999) and Bauer &

Zimmermann (1997), who consistently predict a non-negative welfare e¤ect. In our setup,

a welfare loss may arise even for a small economy, with �� = 1. This is explained by

the �rst term of equation (16). Due to non-tradables, this term can be negative, even if

conventional complementarity holds (gLLdL� < 0), due to repercussions from non-tradable

goods price adjustment. Any in�ow which leads to an excess demand for non-tradables

drives up P n, with two consequences. The �rst is a Stolper-Samuelson e¤ect on wages

via the augmentation term in equation (16), as explained in proposition 4. The second

relates to capital income which is tied down in nominal terms to the given world capital

rental and is therefore eroded in real terms by an increase in P n.Taken together, these

two e¤ects may dominate the standard technology-based complementarity, as evidenced

by �gure 3 for the case of export-sector-speci�c immigration under the assumption that

� = 0. However, if high-skilled immigrants repatriate their income, as in �gure 4, demand

for non-tradables is driven by native income alone, with a much lower increase in P n.

With �� !1, a balanced in�ow is devoid of native welfare gains if immigrants spend

their income in the host country (� = 0), as in �gure 1. Figure 4 reveals that with non-

tradable goods income repatriation is quantitatively important: A 12% balanced in�ow

yields a 2% gain. This result is easily understood: A positive welfare e¤ect occurs only

if real wages change. If � = 0, a balanced in�ow leads to a proportional expansion of

production and demand, hence marginal productivities, prices, and real wages need not
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change. However, if � = 1, a proportional expansion of outputs causes excess supply of

non-tradables, triggering a relative price adjustment and a change in real wages which, in

turn, facilitates a welfare increase. We call this a demand-based complementarity e¤ect, as

opposed to the technological complementarity e¤ect, captured by gLLdL� < 0 in equation

(16).

Figure 3 suggests a clear ranking of scenarios: The more immigration is speci�c to the

non-tradeable sector, the larger the native welfare gain, at least for realistic magnitudes

of the in�ow. This is in contrast to Borjas (1995, 1999), and it works through the price of

non-tradable goods. For instance, a 12% �in�ow at tails�leads to a 0.15% gain, which is

considerably lower than the measure obtained by Borjas (1995) in an otherwise comparable

setting. Hence, the additional adjustment mechanisms emphasized in our model �labor

re-allocation, endogenous goods prices �make a substantial quantitative di¤erence.

Result 3: The welfare ranking of di¤erent scenarios crucially depends on the degree of

income repatriation and on the size of the in�ow.

Comparing �gures 1 and 2 for the case where �� = 2, as well as 3 and 4 for �� = 1,

shows that the welfare ranking of scenarios depends on whether immigrants spend their

income in the host country (� = 0) or abroad (� = 1). If � = 0; non-tradable sector-

speci�c immigration is most bene�cial because it generates a reduction in the overall

price level which augments the technical complementarity e¤ect. Moreover, export sector-

speci�c immigration tends to be worst (at least for small to medium-size in�ows), as this

deteriorates the economy�s terms-of-trade. If � = 1, however, balanced immigration

dominates all other scenarios. In this case, output expansion is largest, mandating large

changes in relative prices and therefore substantial welfare gains. Our �gures illustrate

that the scenario ranking also depends on the size of the in�ow. Consider, for instance

a situation where � = 1 with �� = 2: For small and medium-sized in�ows, unskilled

immigration (speci�c to non-tradable goods) dominates, while for larger in�ows perfectly

balanced immigration proves better.
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4.3 Cross country variation in outcomes

Countries di¤er with respect to the magnitudes whose role we stress in our theoretical and

empirical analysis. Accordingly, our model suggests that immigration should have di¤er-

ent e¤ects across countries, which could, in turn, help explain the variance in real-world

immigration policies. Indeed, this o¤ers a way for empirically validating our approach. If

the model is correct, then observed inter-country di¤erences in attitudes and policies to-

wards immigration should be related to variation in structural characteristics in a speci�c

way as suggested by our model. A serious attempt in this direction is beyond the scope

of this paper, but as a �rst step we explore whether realistic variations in key country

characteristics trigger enough variation in outcomes, to explain why di¤erent countries

have di¤erent immigration policies.

An important message of the simulation exercise is that immigrant income repatriation

matters. The repatriation coe¢ cient �; however, is not exogenous to policy. Countries

may lower, or foster, repatriation by favoring permanent, or temporary, labor in�ows.

This has received considerable attention in the recent years; see OECD (2001b). It is

therefore particularly interesting to �nd out how the sensitivity of immigration e¤ects

with respect to structural characteristics of the host country itself depends on income

repatriation.

A key parameter for which substantial cross-country variance is measured, is the price

elasticity of export demand. Our base-case in table 1 assumes �� = 2 which is an un-

weighted average taken from a survey by Marquez (2002), who �nds an interval for long-

run econometric estimates ranging from 1 to 3.30 Another important magnitude is the

degree of openness. Our base-case features a ratio of exports plus imports to GDP which

is equal to 0.5. From the Penn World Tables 6.0, we observe a lower end of 20 percent

for Japan and 26 percent for the US, while the corresponding �gure for large European

30Using direct estimates of this elasticity is a notable di¤erence between our empirical strategy and
Davis & Weinstein (2002) who use estimates of GDP-responsiveness to terms-of-trade changes in order
to infer a value for the trade elasticity.
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countries (say Germany, France or the UK) is around 60 percent, and at the upper end

small countries (like Austria, Belgium or the Netherlands) exhibit openness beyond 100

percent.

We have re-calibrated our model to re�ect such cross-country variation in trade elas-

ticities and openness, jointly with the trade elasticity. Tables 2 and 3 provide evidence

on the sensitivity of welfare e¤ects for the for the �in�ow at tails�scenario. While table

2 looks at independent variations of each parameter for alternative sizes of the in�ow,

table 3 allows for simultaneous variations in both, the trade elasticity and openness. As

expected, a larger value of �� reduces the welfare loss (increases the gain) for all sizes

of the in�ow considered, and regardless of �. Interestingly, it also mitigates the non-

monotonicity, as evidenced by line 3 of table 2. A similar pattern emerges if we reduce

the degree of openness. This amounts to increasing the importance of non-traded goods,

which, in turn reinforces the positive welfare e¤ects of an �in�ow at tails�, which in our

case is biased towards the non-tradable goods sector. Here it is particularly interesting

to note that the sensitivity is more pronounced for a system where income is repatriated,

since this features a more pronounced price-reaction for non-tradable goods.

Table 3 further testi�es to the importance of openness. For instance, increasing the

export price elasticity to �� = 3 improves the welfare e¤ect compared to the base-case,

but if this higher value applies to a more open economy, with 1 � �n increasing to 0.6,

the welfare gain is reduced below the base-case. Conversely, if �� is reduced to 1, the

scenario is less favorable to natives, but if the economy also becomes less open, then this

deterioration is mitigated, particularly for high levels of �, although the loss still prevails.

If � = 1, a sizable gain emerges for countries that are at the same time less open and face

a higher trade elasticity. Again, a notable feature of the results is that the sensitivity with

respect to both, the trade elasticity and the degree of openness, is much more pronounced,

if income is repatriated than if migrants become true residents.
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5 Conclusions

International labor movements are important long-term challenges for economic policy

in many OECD. Observed immigration policies are mostly restrictive, re�ecting alleged

negative e¤ects of immigration on wages and, possibly, host-country welfare. Existing

literature seems to o¤er little guidance. In particular, the canonical model of the immi-

gration surplus has recently been challenged on the grounds that it downplays goods price

adjustments.

This paper o¤ers theoretical and calibration-based empirical investigation of the wage

and welfare e¤ects of immigration, whereby endogenous goods price adjustment is at the

core of the analysis. We emphasize endogeneity of prices not only for tradable goods, but

also for nontradables. Re�ecting key concerns of policy makers, we focus on immigrant

heterogeneity with respect to the level of skills.

Our modeling setup consolidates two opposing views that have appeared in recent

literature, one emphasizing the immigration surplus coupled with wage e¤ects (Borjas,

1995,1999), the other identifying an aggregate native welfare loss due to a terms-of-trade

e¤ect (Davis&Weinstein, 2002). We �rst develop a general model allowing for an arbitrary

number of factors and goods, in order to derive propositions that highlight the driving

forces behind the native welfare gain from immigration. In addition to endogenous terms

of trade and non-tradable goods, the model allows for endogenous capital stocks, and

a varying degree of immigrant income repatriation. We derive a simple equation which

decomposes the change in native welfare into the technological complementarity e¤ect that

drives the conventional immigration surplus, a Stolper-Samuelson-type e¤ect operating

through goods price endogeneity, and a terms-of-trade e¤ect. The �rst two channels are

of second-order, while the latter is a �rst-order e¤ect, hence its detrimental impact on

welfare dominates if the immigrant in�ow is small.

Second, we illustrate our general results in a stylized speci�c-factors model. The aim

is to better understand the role of endogenous goods prices on factor prices and inter-
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industry reallocation. We retrieve the models used by Borjas (1995, 1999) and Ethier

(1985), as well as the Davis&Weinstein (2002) result as special cases of our more general

approach. We derive important cases where our parameterization allows clear predictions

for wage and welfare e¤ects of immigration.

Third, we calibrate our speci�c-factors model towards a generic OECD economy. The

aim is to explore the quantitative importance of endogenous goods prices for wage and

welfare e¤ects of immigration. We show that our mechanisms are quantitatively relevant

for realistic parameterizations of the model. The numerical exercise also reveals that the

native welfare e¤ect is non-monotonic in the size of the labor in�ow, and that repatriation

of immigrant income may substantially alter the results of the analysis. In particular, if

immigrants o¤er skills that are speci�c to the non-tradable goods sector, then repatriation

of immigrant income works to the advantage of natives.

Finally, our analysis reveals that even small cross-country variations in the price elas-

ticity of export demand and the degree of openness on goods markets have considerable

consequences for the wage and welfare e¤ects of immigration. We view this result as a

promising way to understand why di¤erent countries pursue di¤erent immigration poli-

cies. Countries with a lower degree of openness and a larger price elasticity of export

demand appear better positioned to reap welfare gains from immigration, particularly if

immigrant income is remitted.

A natural next step on the research agenda is to calibrate our model in a detailed

cross-country study, so as to capture the observed variation in the degree of openness and

the price elasticity of demand, as well as the skill-distribution of labor in�ows. Comparing

the simulated wage and native welfare e¤ects might then help to explain the cross-country

di¤erence in opinion polls and policies pursued. Research in this direction, combined with

a richer framework concerning labor market imperfections should also play an important

role for a more explicit normative underpinning of immigration policies.

33



Table 1: Simulated labor market and welfare e¤ects of immigration

(1) (2) (3) (4)
perfectly in�ow high-skilled unskilled
balanced at tails only only

Change in labor supply (%) Ĥ 12.0000 8.0000 40.0000 0.0000
M̂ 12.0000 0.0000 0.0000 0.0000
Û 12.0000 32.0000 0.0000 40.0000

Shares in total labor H=L 30.0000 28.9286 28.9286 28.9286
supply (%) (a) M=L 40.0000 35.7143 35.7143 35.7143

U=L 30.0000 35.3571 35.3571 35.3571

Case a): No immigrant income repatriation (� = 0)

Labor reallocation (%) M̂x 11.6192 -0.4930 -7.1631 1.1469

Change in real wages (b) Ŵm � P̂ -1.2768 4.2752 12.1556 2.2789
Ŵ h � P̂ -1.4661 -1.5296 -19.1936 3.2987
Ŵ u � P̂ -1.2590 -16.9725 12.6766 -21.9203

Change in outputs (%) Q̂x 11.8595 6.3838 36.2743 -0.0283
Q̂n 11.8998 5.7208 0.3592 6.7124

Change in price level (%) (b) P̂ -3.9494 -1.8000 3.9538 -3.0002

Rel. price (benchm.: 1.4281) P x=Pn 1.4282 1.4188 1.0515 1.5238

Change in welfare (%) EV=Y0 -0.5485 -0.1460 -2.6585 0.8170

Gini index (bench.: 0.2600) 0.2600 0.2972 0.2198 0.3142

Labor demand elasticities own -0.4798 -0.5480
medium 0.3039 0.0570
opposite 0.3169 0.0825

Case b): Full immigrant income repatriation (� = 1)

Labor reallocation (%) M̂x 41.5944 12.7626 31.0348 7.7965

Change in real wages (b) Ŵm � P̂ -11.6549 -1.7494 -4.3289 -0.8078
Ŵ h � P̂ 6.6559 2.5450 -9.1912 5.4166
Ŵ u � P̂ -13.1887 -22.4466 -6.2771 -24.6067

Change in outputs Q̂x 13.6539 7.2655 39.2515 -0.4033
Q̂n 9.9217 4.8100 -2,1619 6.2591

Change in price level (%) (b) P̂ -18.3662 -10.1160 -17.2717 -7.3702

Rel. price (benchm.: 1.4281) P x=Pn 1.7116 1.5605 1.3682 1.5994

Change in welfare (%) EV=Y0 0.5936 0.1950 -2.6723 1.0188

Gini index (benchm.: 0.2600) 0.3003 0.3175 0.2366 0.3345

Labor demand elasticities own -0.2298 -0.6152
medium -0.1082 -0.0202
opposite -0.1569 0.1354

Legend: For easy comparison, we specify all scenarios such that the overal size of the
in�ow is 12% of the original native labor force. The underlying elasticity of export demand
is �� = 2, and the benchmark degree of openness is 0.5. See the main text and table A.2
for more details on the calibration procedure. (a): L = H +M + U . (b): P denotes the
unit-level of the expenditure function.
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Table 2: Sensitivity analysis for �in�ow at tails�
Equivalent variation (in %)

Size of in�ow (%)

6% 12% 18% 24%

� = 0 � = 1 � = 0 � = 1 � = 0 � = 1 � = 0 � = 1

Openness: 1� �n = 0:5
Export elasticity: �� = 1 -0.36 -0.74 -0.61 -1.11 -0.80 -1.27 -0.94 -1.30

�� = 2 -0.12 0.01 -0.15 0.19 -0.13 0.46 -0.08 0.79

�� = 3 -0.05 0.21 -0.03 0.55 0.01 0.94 0.10 1.36

Export elasticity: �� = 2

Openness: 1� �n = 0:6 -0.15 -0.18 -0.27 -0.22 -0.32 -0.17 -0.35 -0.07

1� �n = 0:5 -0.12 0.01 -0.15 0.19 -0.13 0.46 -0.08 0.79

1� �n = 0:4 -0.06 0.22 -0.03 0.65 0.06 1.17 0.20 1.75

Legend: �in�ow at tails": 80% unskilled and 20% skilled labor; size of total in�ow
measured in % of native labor force. � denotes the degree of immigrant income
repatriation. Boldfaced entries indicate base-case results. �n is the share of expen-
diture (and production) that falls on non-tradable goods. Assuming that half of
the expenditure on tradables is spent on imports and imposing balanced trade, the
degree of openness, which is de�ned as total trade over GDP, corresponds to 1��n.

Table 3: Sensitivity Analysis for �in�ow at tails�
Equivalent variation (in %)

Openness: 1� �n

0.6 0.5 0.4

� = 0 � = 1 � = 0 � = 1 � = 0 � = 1

Export elasticity: �� = 1 -1.01 -1.87 -0.61 -1.11 -0.56 -0.68

�� = 2 -0.27 -0.22 -0.15 0.19 -0.03 0.65

�� = 3 -0.23 0.07 -0.03 0.55 -0.05 0.88

Legend: Simulations for base-case size of the in�ow: 12% of total native
labor force. � denotes the degree of immigrant income repatriation.
Boldfaced entries indicate base-case results. On �n, see the previous
table.
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Figure 1: Welfare e¤ects for di¤erent parameter values:� = 0; �x = 2:

Figure 2: Welfare e¤ects for di¤erent parameter values:� = 1; �x = 2:
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Figure 3: Welfare e¤ects for di¤erent parameter values: � = 0; �x =1:

Figure 4: Welfare e¤ects for di¤erent parameter values: � = 1; �x =1:
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Appendix: Details and solution of the log-linear model

Details on equations (29) and (30)

The CES production functions speci�ed in (17) and (18) can be log-linearized as

Q̂n = �nÛ + (1� �n) M̂n; (37)

Q̂x = �xĤ + (1� �x)
�
1

�
M̂ � 1� �

�
M̂n

�
; (38)

where �x is an output elasticity, de�ned as

�n =

�
Wm

an2

�1��n
�
Wu

an1

�1��n
+
�
Wm

an2

�1��n (39)

and

�x =

�
Wm

ax2

�1��x
�
Wh

ax1

�1��x
+
�
Wm

ax2

�1��x : (40)

Note that in these output elasticities marginal productivities have been substituted by

factor prices. In the CES case, output elasticities coincide with each factor�s income shares

in total sectoral output, and also with each factor�s share in total sectoral costs.

Given the CES production functions speci�ed in (17) and (18), zero-pro�t conditions,

which set output prices equal to minimum unit cost functions, can be expressed as follows:

pn =

"�
W u

an

�1��n
+

�
Wm

1� an

�1��n# 1
1��n

; (41)

px =

"�
W h

ax

�1��x
+

�
Wm

1� ax

�1��x# 1
1��x

: (42)

In log-linear form, these conditions become

ĉn = �nŴ u + (1� �n) Ŵm; (43)

ĉx = �xŴ h + (1� �x) Ŵm: (44)
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Linearized demand for non-tradable goods is D̂n = Ê � p̂n: In equilibrium, D̂n =

Q̂n:Using (37) and (43), expression (29) in the text is found.

Total (domestic plus foreign) demand for the export good is

�Dx = �xE=P x +  (P x)��
x�
Y �: (45)

Let � = Dx= �Dx and 1� � = Dx�= �Dx: The linearized version of (45) is then

^
�Dx = �Ê + (1� �) Ŷ � � �xp̂x; (46)

where � = � + (1� �) �x�: For goods market equilibrium, we require
^
�Dx = Q̂x. Using

(38) and (44), equation (30) in the text is found.

Solution of the system (27) to (31)

It proves convenient both for derivation and interpretation to decompose the general

equilibrium elasticities according to

�nx = 
nx + 
nE�Ex; (47)

where n indicates an endogenous variable, with n =Mn;W h;Wm;W u, and x indicates an

exogenous variable, whereby we focus on immigration of high- and unskilled labor only,

i.e., x = H;M;U . The elasticities 
nx emerge from solving the subsystem (27) through

(30). They are the ones that we focuse on in the text. Here derive the terms 
nE�Ex which

capture the added interdependence arising from endogenous expenditure. 
nE measures

the dependence of factor prices on aggregate expenditure, derived by complete analogy

to 
nx from (27) �(30). �Ex measures the e¤ect of exogenous endowment changes on

aggregate expenditure. If � = 0, this combines the direct e¤ect from an immigration-

induced increase in the work force, and the indirect e¤ect of an immigration-induced

change in domestic factor prices. Under � = 1, domestic expenditure is a¤ected via factor

price changes alone; see equation (31). Since domestic expenditure, in turn, a¤ects factor

prices, this generates complex interdependence.
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In matrix form, we may write the full system as

266666664
M̂n

Ŵ u

Ŵm

Ŵ h

377777775
= [
nx] �

26664
Û

M̂

Ĥ

37775+ [
nE] �
8>>>>>>><>>>>>>>:
[�En] �

266666664
M̂n

Ŵ u

Ŵm

Ŵ h

377777775
+ [�Ex] �

26664
Û

M̂

Ĥ

37775

9>>>>>>>=>>>>>>>;
; (48)

where [
nx] (4�3) and [
nE] (4�1) are elasticities emerging from the solution of (27)

through (30), and [�En] (1�4) and [�Ex] (1�3) are elasticities obtained from the di¤er-

entiated equation (31). If � = 1; we have �Ex = 0: Notice the di¤erence between �Ex and

�Ex which captures the full general equilibrium interdependence. The solution is then

obtained as266666664
M̂n

Ŵ u

Ŵm

Ŵ h

377777775
= fI� [
nE] � ([�En] + [�Ex])g�1 � [
nx] �

26664
Û

M̂

Ĥ

37775 = [�nx] �
26664
Û

M̂

Ĥ

37775 ; (49)

where [�nx] � fI� [
nE] � ([�En] + [�Ex])g�1 � [
nx] is the matrix of general equilibrium

elasticities according to the decomposition in (47). Focusing on a bimodal in�ow (M̂ =

0); table A.1 presents [
nx], [
nE] and [�En], which allows derivation of the general

equilibrium elasticities [�nx]. The additional interdependence generated by endogenous

expenditure, relative to the simple case of section 3 where E is treated as exogenous, i.e.

the terms 
nE�Ex in (47), can then be identi�ed by comparing elasticities �nx with 
nx.

Given solutions Ŵ l = �W lU Û + �W lHĤ, l = (h;m; u), we may �nally turn to native

welfare. Using (10), we write V̂ = Ŷ n � �nP̂ n � �xP̂ x, where Y n is native income as

de�ned in (5), and �n and �x are budget shares in domestic consumption. These emerge

from (10), invoking Roy�s identity, and normalizing vE = 1. Notice that in our case good

X is the only tradable good which changes in price. In turn, the change in native income

may be written as Ŷ n = �hŴ h + �uŴ u + �mŴm, where �h = W h �H=Y n is the share of
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native high-skilled labor income in Y n, and analogously for l = m and l = u. Inserting the

above solutions for Ŵ l we would �nd out that V̂ = 0, if there are no pre-existing stocks

of foreign labor, H� = M� = U� = 0, which rules out any marginal complementarity

e¤ect, and if there is no terms-of-trade e¤ect. The magnitude of welfare e¤ects from

terms-of-trade changes, if any, depends on the share of exports in Y n. All of this has

already been shown for a much more general case in section 2 above and need not be

reiterated for this special model. For discrete labor in�ows, complementarity e¤ects do

arise and changes in the non-tradable goods price obtain welfare signi�cance, in addition

to the �rst-order terms-of-trade e¤ect. Section 4 which takes a numerical perspective pins

down these welfare e¤ects by means of the usual equivalent variation measure.
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Table A.1: Decomposition of general equilibrium elasticities Γnx = Ωnx + ΩnEΞEx

[Ωnx] [ΩnE] [ΦEn] [ΦEx]

RIS∗ TRS

Û Ĥ Û , Ĥ Û Ĥ

M̂n θn
1− σn

σn
Z1 θx

η − σx

σxη
Z1

η − α

η
Z1 0 0 0 0

Ŵ u 1− σn

ωx

∙
θnZ2
σn

+ νn
¸

θx
η − σx

σxη
(1− Z2)

1
ωn

∙
α

η
(1− Z2) + Z2 − ανn

¸
1

ωn
γ̄u 0 γ̄u 0

Ŵm θn
1− σn

σn
Z2 θx

η − σx

σxη
(1− Z2) 1− η − α

η
Z2 γ̄m 0 0 0

Ŵ h θn
1− σn

σn
1

ωx
Z2

η − σx

ωx

∙
θx (1− Z2)

σxη
+ νx

¸ ∙
α

η
(1− Z2) + Z2 − ανx

¸
1

ωx
γ̄h 0 0 γ̄h

Z1 =
σxσnη

µσxσnηθx + µσxσn (1− θx) + σxηθn + σxσnη (1− θn)
> 0.

Z2 =
ηθx + σx (1− θx)

σxη
µZ1, where 0 < Z2 < 1; ν

n =
£
(1− θn) (1− σn)2

¤−1
, νx =

£
(1− θx) (1− σx)2

¤−1
γ̄u =W uM/E, γ̄m =WmM/E, γ̄h = 1− γ̄u − γ̄m.

n: endogenous variables, n =Mn,W h,Wm,W u. x: exogenous variables, x = H,U. *: [ΦEx] = 0 for both U and H.
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Table A.2: Calibration and benchmark equilibrium

functional forms quantities prices empirical restriction

and parameters or source

household utility u = (Dx)β
x
(Dn)β

n
(Dz)β

z
e(P x, P n, P z, 1) = 0.9978 (a)

non-tradable good βn = 0.5 Dn = 0.4315 P n = 0.8849 βn (b); Dn, P n calibrated

exportable good βx = 0.25 Dx = 0.1508 P x = 1.2661 βx (b); Dx, P x calibrated

Dx∗ = Dx∗
0 (P

x)−η
∗

Dx∗ = 0.1508 calibrated

η∗ = 2 taken from Marquez (2002)

imported good βz = 0.25 Dz = 0.1909 P z = 1 βz, P z by normaliz., Dz calibr.

trade-openness (Dx∗P x +Dz)/E = 0.5

technology: nested CES
exportable good Qx = F x[Kx, Lx(H,Mx)] Qx = 0.3016 P x = 1.2661 calibrated, Qx net of deprec.

med.-skilled wage share θx = 0.8489 calibrated

non-tradable good Qn = F n[Kn, Ln(U,Mx)] Qn = 0.4315 P n = 0.8849 calibrated, Qn net of deprec.

med.-skilled wage share θn = 0.1523. calibrated

capital share θnK = θnK = 0.3 based on Backus et al. (1994)

capital-labor-substitution σxKL = σnKL = 0.7 based on Abreu et al. (2003)

labor-skill-substitution σx = σn = 1.242 calibrated (c)

GDP (d) GDP = P xQx + P nQn = 0.7636 net of deprec.
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Table A.2: Calibration and benchmark equilibrium (continued)

functional forms quantities prices empirical restriction

and parameters or source

capital endowment and allocation
capital, non-tradable sector P nF n

K(·) = R Kn = 1.5272 R = i∗ + δ = 0.15 (e) R specified, Kn calibrated

capital, exportable sector P xF x
K(·) = R Kx = 1.5272 R = i∗ + δ = 0.15 (e) R specified, Kx calibrated

foreign capital Kn∗ = Kx∗ = 0 assumption

labor endowment and allocation
work force H +M + U = 1 normalization

foreign resident workers H∗ =M∗ = U∗ = 0 assumption

high-skilled labor H = 0.30 W h = 0.9853 γh = 0.47 (f)

medium-skilled labor M = 0.40 Wm = 0.6761 γm = 0.43 (f)

M-allocation Mx = 0.03 calibrated

unskilled labor U = 0.30 W u = 0.2096 γu = 0.10 (f)

(a): e(·) denotes the expenditure function. (b): based on Penn World Tables Mark 6; the implication is that α = 0.5 (share of X-
production exorted). γh: share of high-skilled labor income in aggregate labor income: WhH/(WhH+WmM +WuU); analogously
for γm and γu = 1− γh − γm − γk, where γk indicates the capital income share determined from K̄ and R̄; see above. (c): σn and
σx calibrated to ensure an overall general equilibrium elasticity of substitution between H and U equal to σHU = 1.4; see Katz &
Autor (2000). (d): net of depreciation δK. (e): i∗: world interest rate; δ: rate of capital depreciation. (f): labor endowments H,
M and U , as well as wage rates have been calibrated simultaneously, using information on the skill distribution of the labor force,
the functional distribution of wage income (γh, γm, γu) and a Gini-coefficient equal to 0.26; see OECD (2001a). The calibration
procedure is similar in many respects to Davis & Weinstein (2002), a notable difference being that we use direct estimates for the
export demand elasticity, while D&W infer this paramter from evidence on the terms-of-trade responsiveness to variations in GDP.
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