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1. Introduction

Why do some people move? And what happens when they do? The study of labor flows
across labor markets—whether within or across countries—is a centra ingredient in any
discussion of |abor market equilibrium. These labor flows help markets reach amore efficient
allocation of resources. Asaresult, the questions posed above have been at the core of labor
economics research for many decades.

At the end of the 20" Century, about 140 million persons—or roughly 2 percent of the
world’ s population—reside in a country where they were not born.1 Nearly 6 percent of the
population in Austria, 17 percent in Canada, 11 percent in France, 17 percent in Switzerland, and
9 percent in the United States is foreign-born.2 These sizable labor flows have dtered economic
opportunities for native workersin the host countries, and they have generated a great dedl of
debate over the economic impact of immigration and over the types of immigration policies that
host countries should pursue.

This chapter surveys the economic analysis of immigration.3 In particular, the sudy
investigates the determinants of the immigration decison by workers in source countries and the
impact of that decison on the labor market in the host country. There dready exist a number of
surveys that gress the implications of the empiricd findings in the immigration literature,
particularly in the U.S. context [Borjas (1994), Friedberg and Hunt (1995), Lal. onde and Tope
(1996)]. Thissurvey dso reviewsthe empirica evidence, but it differs by stressng the ideas and
modd s that economigts use to andyze immigration, and by delinegting the implications of these
models for empirical research and for our understanding of the labor market effects of
immigration. A key lesson of economic theory is that the [abor market impact of immigration
hinges crucidly on how the skills of immigrants compare to those of nativesin the host country.
And, in fact, much of the research effort in the immigration literature has been devoted to: (a)
undergtanding the factors that determine the rdative skills of the immigrant flow; (b) measuring
the relative kills of immigrantsin the host country; and (c) evauating how relative skill
differentias affect economic outcomes.

Because the survey focuses on the impact of immigration on the host country’ s labor
market, the anadyss ignores a number of important and equally interesting issues—both in terms
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of ther theoreticd implications and of their empiricd dgnificance. Immigration, after dl,
affects economic opportunities not only in the host country, but in the source country as well.
Few studies, however, investigate what happens to economic opportunitiesin a source country
when a sdected subsample of its population moves e sewhere. Immigration aso has economic
effects on the host country that extend far beyond the labor market. An important part of the
modern debate over immigration policy, for instance, concerns the impact of immigrantson
expenditures in the programs that make up the welfare sate. Findly, the survey focuses on the
economic impact of immigrants, and ignores the long-run impact of the children and
grandchildren of immigrants on the host country.4

The survey is structured asfollows. Section 2 examines how immigration affects |abor
market opportunitiesin the host country. Economic theory implies that immigrants will
generdly increase the nationa income that accrues to the native population in the host country,
and that these gains are larger the greater the differences in productive endowments between
immigrants and natives. Section 3 andyzes the factors that determine the skills of immigrants.
The discusson summarizes the implications of the income-maximization hypothesisfor the skill
composition of the self-sdlected immigrant flow. Section 4 discusses the identification problems
encountered by studies that attempt to estimate how the skills of immigrants compare to those of
natives—both at the time of entry and over time as immigrants adapt to the host country’ s labor
market. The discussion aso examines the concept of economic assmilation and investigates the
nature of the correlation between an immigrant’s “pre-exiding” skills and the skills thet the
immigrant acquires in the host country. Section 5 surveys the vadt literature that attemptsto
mesasure the impact of immigration on the wage structure in the host country. For the most part
this literature estimates “ gpatia correlations’—correl ations between economic outcomes in an
area (such as ametropolitan area or a ate in the United States) and the immigrant supply shock
inthat area. The section presents a Smple economic modd to illustrate that these spatia
corrdaions typicaly do not estimate any parameter of interest, and suggests how these spatia
correlaions can be adjusted to estimate the “true” wage effects of immigration aslong as
estimates of native responses to immigration are available. Findly, Section 6 offers some
concluding remarks and discusses some research areas that require further exploration.

2. Immigration and the Host Country’s Economy

This section uses a Smple economic framework to describe how immigration affects the
labor market in the host country, and to calculate the gains and losses that accrue to different
groupsin the population.> The andysds shows that natives in the host country benefit from
immigration aslong as immigrants and natives differ in their productive endowments; that the
benefits are larger the greeter the differences in endowments; and that the benefits are not evenly
digtributed over the native popul ation—natives who have productive endowments that

4 Thereisincreasing interest in analyzing how the skill composition of the immigrant flow affects the skill
distribution of the children and grandchildren of immigrants. Borjas (1992) findsthat skill differentials acrossthe
national origin groups in the immigrant generation tend to persist into the second and third generations, and
attributes part of this persistence to “ethnic externalities.”

5 Borjas (1995b) and Johnson (1997) present more extensive discussions of this framework. Benhabib
(1996) gives apolitical economy extension that examines how natives form voting coalitions to maximize the gains
from immigration.



complement those of immigrants gain, while natives who have endowments that compete with
those of immigrantslose.

2.1. A Modd with Homogeneous L abor

Suppose the production technology in the host country can be summarized by atwice-
differentiable and continuous linear homogeneous aggregate production function with two
inputs, capital (K) and labor (L), so that output Q = f(K, L). The work force contains N native
and M immigrant workers, and al workers are perfect substitutesin production (L = N + M).
Natives own the entire capita stock in the host country and, initidly, the supply of capitd is
perfectly indadtic. Findly, the supplies of both natives and immigrants are dso perfectly
indadtic.t

In a competitive equilibrium, each factor price equas the respective value of margind
product. Let the price of the output be the numeraire. The rentd rate of capitd in the pre-
immigration equilibriumisr,, = f (K, N) and the price of labor isw, = f (K, N). Becausethe
aggregate production function exhibits constant returns, the entire output is distributed to the
owners of capital and to workers. In the pre-immigration regime, the nationa income accruing
to natives, Qy, isgiven by:

1) Qu=roK+wpl.

Fgure 1 illugrates thisinitid equilibrium. Because the supply of capitd isfixed, the area under
the margina product of Iabor curve (f,) gives the economy’stota output. The national income
accruing to natives Qy is given by the trapezoid ABNO.

Theentry of M immigrants shifts the supply curve and lowers the market wage to w; .
The areaiin the trapezoid ACLO now gives nationd income. Part of theincrease in nationd
income is digtributed directly to immigrants (who get w;M in labor earnings). The areain the
triangle BCD gives the increase in nationa income that accrues to natives, or the“immigration
surplus.”

Theareaof BCD isgivenby %2~ (wy—w;) ~ M. Theimmigration surplus, asafraction
of nationad income, equas’

2 ﬂ:_%al_eu_ n,

Q

where a islabor’'s share of nationa income (a, = wL/Q); e, isthe eadticity of factor price for
labor (e | = dlogw/d log L, holding margina cost constant); and m is the fraction of the work
force that isforeign born (m = MI/L).

Equation (2) can be used to make “back-of-the-envelope’ calculations of how much a
host country gains from immigration. In the United States, the share of labor income is about 70
percent, and the fraction of immigrantsin the work force is dightly less than 10 percent.

6 The calculation of the gains from immigration would be more cumbersome if native labor supply was not
inelastic because the analysis would have to value the change in utility experienced by native workers as they move
between the market and non-market sectors.

7 The derivation in (2) uses the approximation that (wWg—wq)» (TW/TL) " M.



Hamermesh's (1993, pp. 26-29) survey of the empirica evidence on labor demand suggests that
the eadticity of factor price for labor may be around - .3. The U.S. immigration surplus,
therefore, is on the order of .1 percent of GDP.

Equation (2) shows that the immigration surplusis proportional to e, . The net gainsfrom
immigration to the host country, therefore, are intimately linked to the adverse impact that
immigration has on the wage of competing native workers. If the increase in labor supply
greatly reduces the wage, natives as a whole gain subgtantidly from immigration. If the native
wage does not respond to the admisson of immigrants, the immigration surplusis zero.8

Immigration redistributes income from labor to capitd. Interms of Figure 1, native
workers lose the areain the rectangle w,BDw;, and this quantity plus the immigration surplus
accrues to capitalists. Expressed as fractions of GDP, the net changes in the incomes of native
workers and capitaigts are approximately given by:9

Change in Native Labor Earni ngs|

Q o
@ Change in Income of Capitalistg o e, m(l— Ej _
Q o 2

Consider again the calculation for the United States. If the dadticity of factor priceis- .3,
native-born workers lose about 1.9 percent of GDP, while native-owned capita gains about 2.0
percent of GDP. The small immigration surplus can disguise a Sizable income redidribution
from workers to the users of immigrant |abor.

The derivation of the immigration surplus in equation (2) assumed that the host country’s
capital stock isfixed. However, immigrants may themselves add to the capitd stock of the host
country, and the rise in the return to capita will encourage capitd flows into the country until the
rentd rate is again equalized across markets.10

As an dternative polar assumption, suppose that the supply of capitd is perfectly dastic
at theworld price (dr = 0). Differentiating the margind productivity condition r = f, (K, L)
implies that the immigrationinduced change in the capitd stock is.

dK ——£>O.

(5) —— =
dM dr=0 fKK

8 The gains from immigration and the adverse impact on the native wage are directly linked unless all
immigrants have skills that complement those of native workers.

9 Equation (3) uses the approximation that (Wog—wN>» (fw/L) © M~ N. The gains accruing to capitalists
are calculated by adding the absolute value of this expression to the immigration surplus.

10 However, Feldstein and Horioka (1980) find evidence that capital is somewhat immobile across
countries.



The derivativein (5) is positive because f,, > 0 when the production function islinear
homogeneous. For convenience, assume that the additional capital stock defined by (5) either
originates abroad and is owned by foreigners, or is owned by the immigrants themselves.

The eladticity of complementarity for any input pairi and j isc;; = f;; f/f; f; .11 The
eladticity of factor priceis proportiona to the elaticity of complementarity, or g;; = a; ¢;;, where
a; givesthe share of income accruing to . Theimmigration-induced wage change is given by:

dlogK
= SLKdIo Y +g, M
dr=0 g dr=0

(04
=—t (CKK Cu— CEK) m.
Cuk

dlogw
dlogM

(6)

The linear homogeneity of the production function impliesthat (¢ ¢, — ¢ ) = 0, so that the

host country’ s wage is independent of immigration. Hence the immigration surplus when the
supply curve of capitd is perfectly dadicis:

AQy
Q dr=0

@) =0.

Theimmigration-induced capital flow reestablishes the pre-immigration capita/labor ratio in the
host country. Immigration does not dter the price of labor or the returns to capita, and natives
neither gain nor lose from immigration.

2.2. Heter ogeneous L abor and Perfectly Elastic Capital
Suppose there are two types of workersin the host country’s labor market, skilled (Lg)
and unskilled (L;). The linear homogeneous aggregate production function is given by:

8) Q=1(K, Lg Ly) = f[K, bN + bM, (1- BN + (1 - b)M],

where b and b denote the fraction of skilled workers among natives and immigrants,
respectively.12 The production function is continuous and twice differentiable, with f, > 0 and f;;
<0(i=K,Lg Ly). The priceof each factor of production, r for capita and w; (i=S, U) for labor,
is determined by the respective margina productivity condition. Aswe saw earlier, the

economic impact of immigration depends crucidly on what happens to the capita stock when

11 The elasticity of complementarity isthe dual of the elasticity of substitution. Hamermesh (1993, Chapter
2) presents a detailed discussion of the properties of the elasticity of complementarity.

12 A more general model would allow the host country to produce and consume more than one outpLit.
This generalization introduces additional sources of potential complementarity between immigrants and natives.
The model, however, ismuch more complex. Trefler (1997) presents a discussion of these types of modelsin an
open economy framework.



immigrants enter the country. Let’sinitidly consder the case where the supply of capitd is
perfectly elastic, so that dr = 0. Let pg and py, be the shares of the work force that are skilled and
unskilled, respectively. The condition that r = (K, Lg, L)) is constant implies that the
immigraion-induced adjustment in the capital stock equas.

dK __[fKSB+fKU (1_[3)]

dM |, e

©)

We can determine the impact of immigration on the wages of skilled and unskilled workers by
differentiating the respective margind productivity conditions, and by imposing the restriction in
equation (9). The wage effects of immigration arel3

dlogws| o

(B—b)

10 = —c? 1- ,

(10) dlogM|, .~ . [CosCik —Cs] pspu( mm
dlogw, —0y (B-—h)

11 —_— = - 1-

where a; isthe share of national income accruing to factor i.

One can dways write alinear homogeneous production function with inputs (X3, X, X3)
as Q = X3 9(X; /X3, X, IX3). Supposethat the function g is strictly concave, so that the isoquants
between any pair of inputs have the conventional convex shape. This assumption implies that
C,,Cp— cf2 >0. Equations (10) and (11) then indicate that the impact of immigration on the wage
sructure depends entirely on how the skill digtribution of immigrants comparesto that of
natives. If the two skill distributions are equa (b = b), immigration has no impact on the wage
gructure of the host country. If immigrants are rdatively unskilled (b < b), the unskilled wage
declines and the skilled wage rises. If immigrants are rdlively skilled (b > b), the skilled wage
declines and the unskilled wage rises. In short, the impact of immigration on the wage structure
depends on the relative skills of immigrants, not on their aosolute Kills.

The immigration surplusin this modd is defined by:

(12) AQN|dr_O=(bN M L @-b)N aWU) M.

oM oM

It iswdl known that when the derivativesin (12) are evauaed at the initid equilibrium, where
Ls=bNand Ly = (1- b)N, theinfinitesmal increasein national income accruing to nativesis
zero.14 To cdculate finite changes, evauate the immigration surplus using an “average’ rate for

13 The derivation of equations (10) and (11) is somewhat tedious and requires using the identities (essfk -

Ek&s) ° - (Bg )8k - &S ) and (8 uskk - BUkSL) ° - (BUsikk - Qukeks)- Theseidentitiesfollow from the
fact that aweighted average of factor price elasticities equals zero.

14 Bhagwati and Srinivasan (1983, p. 294).



Tw4/TM and iw,/TM, where the average is defined by 1 %{ +%{ , and by
2{ oM Lg=bN oM Lg=bN+BM

1f ow, L
2 aM LU :(1—b)N aM
be shown that the immigration surplus as afraction of nationd income is given by:16

] , respectively.15 By using equations (10) and (11), it can

Ly =(1-b) N+(1-B) M

AQN| __ch 2 (B_b)z
(13) Q |d:0—2(:KK [CSCKK CSK] é 2

(1-m)?n?.

Theimmigration surplusis zero if b = b, and pogtiveif b 1 b. If immigrants had the same Kill
digtribution as natives, the immigration-induced change in the capitd stock implies that the
wages of skilled and unskilled workers are unaffected by immigration. The gainsarise only if
immigrants differ from natives.

Let b* bethevaueof b tha maximizesthe immigration surplusin the host country. By
partidly differentiating equation (13) with respect to b, we obtain:1?

B =1, if b< 5,
(14) B'=0 or p'=1 ifb=5
B =0, if b> 5.

Suppose that b = .5. Thereisno immigration surplusif haf of the immigrant flow isaso
composed of skilled workers: The immigration surplus is maximized when the immigrant flow
isether exclusvely skilled or exclusvey unskilled. Either policy choice generatesan
immigrant flow that is very different from the native work force.

Economic incentives for moving to a particular tail of the skill distribution arise when the
native work force is rdatively skilled or unskilled. Suppose the native work forceisrdatively
unskilled (b < .5). Admitting skilled immigrants, who most complement native workers,
maximizes the immigration surplus. If the native work forceis rdaively skilled, the host
country should admit unskilled immigrants to maximize the gains.

2.3. Heter ogeneous L abor and Inelastic Capital
Thereaultsin (14) are very sendtive to the assumption that the supply curve of capitd is
perfectly dastic. Suppose instead that the capital stock is perfectly indagtic and is owned by

15 This approximation implies that the finite change in theimmigration surplus is half the gain obtained
when equation (12) is eval uated at the post-immigration level of labor supply.

16 The derivation of equation (13) uses the fact that 0.5 (C,, Cos — Ca ) =0, (Ce Gy — o)+ This restriction
follows from the identities defined in note 11.

17 The differentiation assumes that the immigrant supply shock is“small” and does not affect the values of
psand py.



natives. By differentiating the margind productivity conditions, it can be shown that the changes
in the various factor prices are given by:

dlogr (B—b) 1-B
15 = . —7(1 e =
(19) dlogM|, Y (=mm-eu o
dlogwg (B-b) 1-B
16 —_— =g I-mm-g,, ——m,
(16) dlogM], . =5 p.p, M e
dlogw, (B-b) 1-B
17 — == 1— e =
a7 dlog M - €Ly pspu( m) m—g o m

Immigration dters the digtribution of income even when immigrants have the same kil
distribution as natives. Suppose, in fact, that b = b. Equation (15) then shows that immigration
increases the rental rate of capital (e IS negetive). Moreover, immigration reduces the total
earnings of native workers.

. . fw v,
Ch Labor E =bN—=M +(1- b)N -
angein Labor Earningd, _, ™ (- b) ™

M,
(18)

=- Qu[aeq +a, ey 2L ~ ( m) m<0.

The dgn of (18) follows from the fact that a weighted average of factor price eadticities equas
zero (ay exk + aseg +ay eyk = 0). Even though immigrants have the same kill distribution as
natives, immigration reduces the capita/labor ratio and workers, as a group, lose.

Theimmigration surplus equas

o ow, ow,
19 Al K—+bN—=+(1-b)N M.
(19) Qul, = ( NI (1 an

By using the wage effects defined in equations (15)-(17) and eva uating the various derivetives
in (19) a the“average’ point, we obtain:

AQy
Q

_ OCSCSSB v O‘uc;uu 1-B)’m’ o s0y Cgy B(A- B)mz

(20)
dK=0 2 pS 2 HJ pS F{J




The quadratic formin (20) is postivel® Natives gain from immigration, therefore, even if the
kil digtribution of immigrantsis the same as that of natives

To illudrate the relationship between the immigration surplus and the skill digtribution of
immigrants, let V' be theimmigration surplus defined in (20) and consider the specia case where
ps = py = .5. Thefirst and second derivatives of the immigration surplus are proportiord to:

oV
(21) %‘X_O‘écssﬁ"'aa G (1-B) — as oy cy (1-28),
(22) azvoc—océcss—(xf, G + 2050 Cg, -

op?

Suppose now that cgg < ¢y, (Whichimpliesthat es< e, and the demand for skilled |abor isless
eadtic than the demand for unskilled labor). This assumption tends to be supported by the
empirica evidence (Hamermesh, 1993, Chapter 3). Thefirst derivativeisthen podtivea b =1,
and the second derivative is pogtive everywhere, o that (20) is convex.19

Evauating the immigration surplusin equation (20) at b = 0 or b = 1, and using the
convexity regrictionsin (21) and (22), implies thet the immigration surplus is maximized when
the immigrant flow isexclusvey skilled. The assumption that the wages of skilled workers are
more responsve to asupply shift than the wages of unskilled workers “bresks thetie’” between
the choice of an exdusvely skilled or an exclusvey unskilled immigrant flon—and it breaks
thetiein favor of skilled immigrants. A very negative dadticity of factor price for skilled
workers suggests that skilled workers are highly complementary with other factors of production,
particularly capitd. The complementarity between native-owned capital and skills provides an
economic raionde for admitting skilled workers.

This concluson, of course, may change if the native work force is predominantly skilled.
There then exigt two sets of conflicting incentives. On the one hand, the immigration surplusis
larger if the host country admits immigrants who most complement the skilled native workers, or
unskilled immigrants. On the other hand, the immigration surplusis larger if the host country
admitsimmigrarts who most complement the native-owned capitd, or skilled immigrants.

Finaly, comparing equations (13) and (20) yields:

2

AQ|  AQ| 1 B 1-BY)

(23) NP N = (oc Coc —+0 m? >0,
Q |dK:O Q dr=0 ZCKK o Ps o Ry

50 that the immigration surplusiis larger if the capital stock in the host country is fixed.

C C

18 Equation (20) is aquadratic form in the negative-definite matrix [ s } .
s Cw
19 Thefirst derivative evaluated atb = 1is (-0 Ceg + 05 0 Cgy ). Theinequality (c..G,, —¢o,) >0

impliesthat (—cgg—Cyy + 2Cqy) >0, and (—Cgg + Cqy) > 0. Asaresult, thefirst derivative evaluated atb = 1is
positive (sinceag>ay). The samerestrictions can be used to show that the second derivativeis positive
everywhere.
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2.4. Smulating the Impact of Immigration

Borjas (1995a), Borjas, Freeman, and Katz (1997) and Johnson (1997) have used the
family of modds presented above to smulate the impact of immigration on the U.S. labor
market.20 The exercise requires information on the responsveness of factor pricesto increasesin
labor supply. Hamermesh's (1993) comprehensive survey of the labor demand literature revedls
agreat ded of uncertainty in the estimates of the relevant factor price dadticities. The
smulation presented here uses the following range for the vector (egs, €y): (-.5, -.3), (-.9, -.6),
and (-1.5, -.8). Thisrange covers most of the dadticity estimates reported in the Hamermesh
survey. The cross-dadicity e, isset to .05 in dl the smulations. Because the weighted
average of factor price dadticities is zero, these assumptions determine dl the other dadticitiesin
the modd. The assumption that the wage of skilled workersis more responsive to supply shifts
is condggtent with the evidence, and “builds in” capita-skill complementarity into the
caculations. The exercise assumes that immigration increased the labor supply of the United
States by 10 percent—roughly the fraction of the work force thet is foreign-born.

The smulation requires that workers in the U.S. labor market be aggregated into two skill
classes and that workers within each of the skill classes be perfect substitutes. Following Borjas,
Freeman, and Katz (1997), the exercise uses two dternative aggregations. Firgt, al workerswho
are high school dropouts are defined to be in the unskilled group, while high school graduates
make up the skilled group. Using this aggregation scheme, data from the 1995 Current
Population Survey (CPS) then indicate that pg = .91, but that b = .68. If labor’s share of income
is.7, the CPS data on the relative earnings of high school dropouts implies that the share of
income accruing to skilled workersis .661, and that accruing to unskilled workersis .039.

Alterndtively, divide the work force into college equivaents and high school
equivalents21 The CPS egtimates of the parameters of the skill digtribution arepg=.43and b =
.33; and the share of income accruing to skilled workers equas .371, while that accruing to
unskilled workersis .329. Note that this aggregation of skills (unlike the one that divides the
work force into high school dropouts and high school graduates) implies that the skill
digribution of the immigrant work force does not differ greetly from that of the native work
force.

Thefirg two columns of Table 1 report the results using the high school dropout-
graduate skill classfication. If capita is perfectly indadtic, al workerslose and capitd gains
substantidly—the income of capitaistsincreases by between 2.4 and 11.8 percent. If capital is
perfectly dastic, unskilled workerslose (their earnings fal by between 1.2 and 6.1 percent) and
skilled workers gain dightly (their earnings increase by less than .2 percent). Overdl, the
nationd income accruing to native rises by .1 to .4 percent when capitd is perfectly indastic, and
by .1 to .2 percent when capitd is perfectly dadtic.

The last two columns of the table report the results using the high schoal-college
equivaent aggregation. All workers till lose when capitd is perfectly indagtic, and skilled

20 The simulation reported here uses data drawn from Borjas, Freeman, and Katz (1997).

21 The college equivalent group contains all workers who have at |east a college degree, plus one-half of
the workers with some college. The high school equivalent group includes workers with a high school diplomaor
less, plus one-half of the workers with some college. Katz and Murphy (1992) provide a detailed justification of this
skill classification.
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workers gain and unskilled workers lose when capitd is perfectly dagtic. However, the losses
and gains are even smdler. Immigration increases the nationa income accruing to netives by
only .1 to .3 percent when capitd isindagtic and by .01 to .02 percent when capitd iseadtic.
The smulation suggests that the overdl impact of immigration on the U.S. labor market
isgmal—regardless of how workers are grouped into different skill categories, and of the
assumptions made about the factor price dadticities and the supply eadticity of capitd.

3. The Skills of Immigrants: Theory

Aswe have seen, the economic impact of immigration depends crucidly on the
differences in the skill digtributions of immigrants and netives. A great ded of empiricd
research in economics focuses precisaly on the question of how immigrant skills compare to
those of native workers. Perhaps the centrd finding of this literature is that immigrants are not a
randomly sdlected sample of the population of the source countries. Asaresult, an
undergtanding of the skill differentias between immigrants and natives must begin with an
andysis of the factors that motivate only some personsin the source country to migrateto a
particular host country.

3.1. The Migration Decision
It isingructive to consder a two-country mode.22 Residents of the source country
(country 0) congider migrating to the host country (country 1). The migration decision is
assumed to beirreversble23 Residents of the source country face the earnings distribution:

(24) logwy = my + vy,

where w,, gives the wage in the source country; m, gives the mean earnings in the source country;
and the random variable v, measures deviations from mean earnings and is normaly distributed

with mean zero and variance 6. For convenience, equation (24) omits the sulbscript that
indexes aparticular individud.

If the entire population of the source country were to migrate to the host country, this
popul ation would face the earnings distribution:

(25 logw, =m + vy,

where m gives the mean earnings in the host country for this particular population, and the
random variable v, is normally distributed with mean zero and variance s2. The correlation
coefficient between v, and v, equalsr ;.

22 Thediscussion in this section is based on the presentation of Borjas (1987) and Borjas (1991).

23 Borjas and Bratsberg (1996) generalize the model to allow for return migration by immigrants. In their
model, return migration may be part of an optimal location plan over thelife cycle or be induced by worsethan-
expected outcomes in the host country. Regardless of the motivation, Borjas and Bratsberg show that return
migration does not alter the key insights of the model, and, in fact, tendsto intensify the type of selection that
characterize the immigrant flow.
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Ingenerd, the population mean m will not equa the mean earnings of native workersin
the host country. The average worker in the source country might be more or less skilled than
the average worker in the host country. It is convenient to initialy assume thet the average
person in both countriesis equdly skilled (or, equivaently, that any differencesin average kills
have been controlled for), so that m aso gives the mean earnings of natives in the host country.
This assumption helps isolate the impact of the selection process on the skill composition of the
immigrant flow and provides a smple way for comparing the skills of immigrants and nativesin
the hogt country.

Equations (24) and (25) completely describe the earnings opportunities available to
persons born in the source country. The ingght that migration decisions are motivated mainly by
wage differentias can be attributed to Sir John Hicks. In The Theory of Wages, Hicks (1932, p.
76) argued that “ differencesin net economic advantages, chiefly differencesin wages, are the
main causes of migration”. Practicaly dl modern studies of migration decisions use this
conjecture as a point of departure. Assume that the migration decison is determined by a
comparison of earnings opportunities across countries, net of migration costs.24 Define the index
function:

(26) I :Iog[wvilic]z(ul_“o_n)"‘(\ﬁ_Vo)a

where C givesthelevel of migraion cogts, and p givesa“time-equivaent” measure of these
costs (p = Ciwg). A person emigratesif | > 0, and remains in the source country otherwise.

Migration is cogtly, and these costs probably vary among persons—but the sgn of the
correlation between costs (whether in dollars on in time-equivalent terms) and wagesis
ambiguous. Migration costs involve direct costs (e.g., the trangportation of persons and
household goods), forgone earnings (e.g., the opportunity cost of a post-migration
unemployment spdll), and psychic costs (e.g., the disutility associated with leaving behind family
tiesand socid networks). The digtribution of the random varigble p in the source country’s
population is.

(27) p=m+v,,

where m, is the meen level of migration costsin the population, and v, isanormally distributed
random variable with mean zero and variance s f) . The corrdation coefficients between Vp and

(Vo, V1) @egivenby (r 5, I ,1)- The probability that a person migrates to the host country can be
written as.

(28) P@=Plv>-(m-m-m)l=1- F(@,

24 The wage distributions in equations (24) and (25) could be reinterpreted as giving the distributions of the
present value of the earnings stream in each country. Thisreformulation placesthe model within the human capital
framework proposed by Sjaastad (1962).
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wherev =v; - Vo- V,,z=-(m - ny- m)/s,, and F isthe standard normal distribution function.
Equation (28) summarizes the economic content of the Hicksian theory of migration. In
particular:

(29 a—P<0, a—P>O, anda—P<O.

My Oy oM,

The emigration rate fals when the mean income in the source country rises, when the mean
income in the host country fals, and when time-equivaent migration codsrise. Mogt Sudiesin
the literature on the internal migration of persons within a particular country focus ontesting
these theoretical predictions (Greenwood, 1975). The empirical evidence in these sudiesis
generdly supportive of the theory.

3.2. The Self-Sdlection of Immigrants
Although it is of important to determine the Sze and direction of migration flows, it is

equaly important to determine which persons find it most worthwhile to migrate to the host
country. Thisquestion lies at the heart of the Roy mode (Roy, 1951; Heckman and Honoré,
1990). Consider the conditional means E(logw, | m , | > 0) and E(logw;| m, | > 0). These
conditional means give the average earnings in both the source and host countries for persons
who migrate. Note that the conditional means hold my and m congtant. The calculation
effectively assumes that the migration flow is sufficiently small so thet there are no feedback
effects on the performance of immigrants (or natives) in the host country or on the performance
of the “stayers’ in the source country. A generd equilibrium mode would account for the fact
that the mean of the income digtributions depends on the Sze and compostion of the immigrant
flow. Because the random variables v, v4, and v, arejointly normaly distributed, these
conditional means are given by:

0,0 (o) (e)
(30) E(logw|u,, | >O):Mo+|: L (pm_—oJ —Pro— }7\‘ )
G, G, G,
0,0 (o) (0}
(31) E(logw |uy, | >0):M1+|: . l(_l_pm]_pnl n:|7h
G, \ O Gy

wherel =f (2)/(1- F (2)),andf isthe dengty of the gandard norma. Thevariadlel is

inversely related to the emigration rate [Heckman (1979, p. 156)], and will be positive aslong as
some persons find it profitable to remain in the country of origin (P(2) < 1). Itiseaser to

initidly interpret the results in equations (30) and (31) by assuming thet s , = 0, so that time-
equivalent migration costs are condtant. Let Q, = E(vy|my, | >0) and Q, = E(v, |[m, 1 >0). The
Roy modd identifies three cases that summarize the skill differentias between immigrants and
natives
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Q>0andQ, >0, if  py>—Land 2L>1,

1 Oy
(32) Q,<0andQ,<0, if  py>tand20>1,
GO Gl

Q,<0andQ,>0, if p01<min(ﬁ,&].
60 Gl

Pogtive sdlection occurs when immigrants have above-average earnings in both the
source and host countries (Q, > 0 and Q; > 0), and negetive sdlection when immigrants have
bel ow- average earnings in both countries (Q, < 0 and Q, < 0). Equation (32) shows that either
type of selection requires that skills be positively correlated across countries. The variancess,
and s ; messurethe “price’ of skills: the greater the rewards to skills, the larger the inequality in
wages.2> Immigrants are then positively selected when the source country—r el ative to the host
country—"“taxes’ highly skilled workers and “insures’ less skilled workers from poor labor
market outcomes, and immigrants are negatively sdected when the host country taxes highly
skilled workers and subsidizes less skilled workers.

There exigts the possibility that the host country draws persons who have below-average
earnings in the source country but do well in the host country (Q, < 0 and Q; > 0). Thissorting
occurs when the correlation coefficient r o, issmal or negative. Borjas (1987) argues that this
correlation may be negative when a source country experiences a Communist takeover. Inits
initid stages, this political system often redistributes incomes by confiscating the assets of
reativey successful persons. Immigrants from such sysems will be in the lower tall of the pos-
revolution income distribution, but will perform well in the host country’ s market economy.

Equation (32) shows thet neither differences in mean incomes across countries nor the
level of migration costs determines the type of selection that characterizes the immigrant flow.
Mean incomes and migration costs affect the size of the flow (and the extent to which the ills
of the average immigrant differ from the mean skills of the population), but they do not
determine if the immigrants are drawn mainly from the upper or lower tail of the skill
digribution.

The analys's has assumed that my gives the mean income in the host country both for the
average person in the source country’ s population as well as for the average native in the host
country. The selection rulesin (32) then contain dl the implications of economic theory for the
quditative differencesin skill distributions between immigrants and natives. Immigrants will be
more skilled than natives if there is pogitive sdection or arefugee sorting, and will be less skilled
if thereis negative sdlection. | return below to the comparison of skill distributions between
immigrants and natives when mean sills differ across countries.

The discussion aso assumed that migration codts are constant in the population.
Equations (30) and (31) indicate that variable migration costs do not ater any of the sdlection
rulesif: (g) time-equivalent migration costs are uncorrelated with skills (r po =1 5, = 0); or (b) the
ratio of variances s ,/s; (j =0, 1) is“small.” Otherwise, variable migration costs can change the

25 Thisinterpretation of the variances follows from the definition of the log wage distribution in the host
country in terms of what the population of the source country would earn if the entire population migrated there.
This definition effectively holds constant the distribution of skills.
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nature of selection. Suppose that p is negatively correlated with earnings, perhaps because less
skilled personsfind it more difficult to find jobs in the host country. This negative correation
increases the likelihood that the bracketed term in equations (30) and (31) is positive, and the
immigrant flow ismore likely to be postively sdected. Conversdly, the likelihood of negative
sdection increasesif p and earnings are positively correlated.

The theoretical analysis generates a reduced form modd that describes the determinants
of the relative skill compaostion of the immigrant flow. To Smplify, suppose thet time-
equivaent migration costs are constant. The reduced-form equation is then given by:

(33) Q =9(m, M, P,Sg Sy, ).

Equation (33) summarizes the rdationship between the relative kills of immigrants and the
characteritics of both the source and host countries. Borjas (1987) analyzes the restrictions
imposed by the income-maximization hypothesis on the function g in (33). The quditative
effects of the independent variables cannot typically be signed and can be decomposed in terms
of compodition effects and scale effects. A change in avarigble g might creste incentives for a
different type of person to migrate (a compostion effect) and for a different number of persons
to migrate (the scale effect).

The two effects can be isolated by estimating the two-equation structural modd:

(34) P=P(m, m,p,Sg Sy, 1)
(35) Q. =h(sqg,s4,1) 1.

Equation (34) describes the determinants of the probability of migration, and (35) describes the
determinants of the rdative skills of immigrants. Recdl that | isatransformation of the
probability of migration. By holding | congtant, the function h in (35) nets out the scale effect
and isolates the impact of source and host country characteristics on the selection of the
immigrant flow.

The income-maximization hypothesis imposes the following restrictionson h, thel -
condant “immigrant quality” function:

1. Anincreasein s, decreases the average skills of immigrant.

2. Anincreasein s ; increases the average skills of immigrants.26

3. Anincresseinr , incresses the average skills of immigrantsif there is postive
selection and decreases the average killsif there is negative selection.

The Roy modd generates predictions about how immigrants compare to the population of
the source countries. This contrast is not relevant if we wish to determine the impact of
immigration on the host country—that impact depends on the skill differentia between
immigrants and netives in the host country. The discussion introduced the immigrant- netive
comparison by assuming that the average person in the source country has the same skills asthe

26 Anincrease ins; stretches the income distribution in the host country and leads to a different mean
wage level in the pool of migrants even when the pool is restricted to include the same persons—so that it isnot a
mean-preserving shift. A simple solution to thistechnical detail isto define immigrant quality in terms of
standardized units (or Q;/s;). The prediction in the text can then be easily derived.
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average person in the host country. Different countries, however, have different skill
digributions.

The ill differentiad between immigrants and natives in the host country, therefore, will
depend both on the selection rules and on the average skill differentia between the source and
host countries. Suppose we interpret the mean income in the source country, m, as ameasure of
the average killsin that country. The mean earnings of immigrantsin the host country are then

given by:
(36) E(logw, [m, I >0) =m(my) + E(v, [ m, | >0).

Equation (36) shows that the mean income of immigrants in the host country depends on the
extent to which the average skillsin the source country affect earnings in the host country (i.e,
dm/dm). If this derivative were equa to one, kills are perfectly transferable across countries,
and, abdtracting from sdlection issues, workers who originate in high-income countries would
have higher earnings in the host country.

Some of the implications of the Roy modd have been tested empiricdly by estimating
the correlation between the earnings of immigrants in the United States and measures of the rate
of return to skillsin the source country. There exists agreat dedl of disperson in skillsand
economic performance among immigrant groups in the United States. In 1990, immigrants
originating in Mexico or Portugd had about 8 years of schooling, while those originating in
Audlria, India, Japan, and the United Kingdom had about 15 years. Immigrants from El Salvador
or Mexico earn 40 percent less than natives, while immigrants from Audtrdia or South Africa
earn 30 to 40 percent more than natives.2”

The empiricd sudies have typicdly estimated the reduced-form earnings equation in
(33). The evidence provides some support for the hypothesis that immigrants originating in
countries with higher rates of return to skills have lower earningsin the United States. Borjas
(1987, 1991) reports that measures of income inequality in the source country, which are avery
rough proxy for the rate of return to skills, tend to be negatively corrdated with the earnings of
immigrant men, while Cobb-Clark (1993) reports asmilar finding for immigrant women. 28
Barrett (1993) shows that immigrants who enter the United States using afamily reunification
visa have lower earnings when they originate in countries where the income distribution has a
large variance. Bratsberg (1995) documents that the foreign students who remain in the United
States after completing their education earn relatively high U.S. wages if the source country
offersalow rate of return to skills, but earn low wagesiif the source country offers a high rate of
return to skills. Findly, Taylor's (1987) case sudy of migration in arurd Mexican village

27 These statistics are reported in Borjas (1994, p. 1686).

28 Migration decisions are typically made in afamily context. Mincer’s (1978) family migration model
assumes that the family’ s objective isto maximize family income. Some persons in the household may then take
actionsthat are not “privately” optimal (i.e., they would not have taken those actionsiif they wished to maximize
their own individua income). The family context of immigration givesriseto “tied movers” (persons who moved,
even though it was privately optimal to stay), and “tied stayers’ (persons who stayed, even though it was privately
optimal to move). The presence of tied moversin theimmigrant flow tends to attenuate the type of selection that
characterizes the immigrant population in the host country (Borjas and Bronars, 1991). The study of the economic
performance of immigrant women requires a careful delineation of how the family migration decision alters the skill
composition of immigrants. Such a study, however, has not yet been conducted for the United States.
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concludes that Mexicans who migrated illegdly to the United States are less skilled, on average,
than the typica person residing in the village. Thistype of selection is congstent with the fact
that Mexico has a higher rate of return to skills than the United States.2°

3.3. Selection in Observed Characteristics
It isindructive to differentiate between skills that are observed and sKills that are not.
For amplicity, let’s assume that a worker obtains s years of schooling prior to the migration
decisgon, and that this educationa attainment can be observed and valued properly by employers
in both countries. The earnings functions are given by:

(37) logwp = my + dgs + €,
(38) logw; =m +d;s+ey,

where d; givestherate of return to schooling in country j, and e, isarandom variable measuring
deviationsin earnings due to unobserved characteristics30 The random variablese, and e; are

jointly normally distributed with mean zero, variances 62 and 672, and correlaion coefficient

ro- Thevariance 0? now measures the price of unobserved skillsin country j.
Suppose the distribution of educationa attainment in the source country’ s population is:

(39) s=m+e,

where e, is normaly distributed with mean zero and variance s 2. In generd, the random
variable e, is corrdlated with e, and e;. For anaytica convenience, suppose that e, is
uncorrelated with the difference (e; - ).

Assume that time-equivalent migration codts are congtant. The migration rate for the
population of the source country is:

(40) PEZ) =Pt >-[(m - m) +(d; - d))m- p] =1-F(2),
wheret = (e, - &) +(d; - dp)egandZ =-[(m - my) +(d; - dy)m- p]/s,.

It is easy to show that the selection in unobserved skills follows the selection rules
derived earlier in equation (32). The mean schooling of persons who chooseto migrateis:

29 some empirical studies also report a strong positive correlation between the earnings of immigrantsin
the United States and the level of economic development in the source country, as measured by per-capita GDP
(Jasso and Rosenzweig, 1986). As suggested by equation (36), this correlation might measure the portability of
human capital across countries, with capital acquired in more developed countries being more easily transferable to
the U.S. labor market.

30 The rate of return offered by the host country to schooling acquired in the source country might have
little relation to the rate of return that the host country offers to schooling acquired in the host country. Inthe United
States, for example, the empirical evidence suggests that schooling acquired in the pre-migration period has alower
value than schooling acquired in the United States [Borjas (1995a) and Funkhouser and Trejo (1995)].
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2
(41) E(s|m, 1> 0)=mo+ 2=(8,~8;)1.

The mean schoaling of immigrantsis less than or greater than the mean schooling in the source
country depending on which country has a higher rate of return. Highly educated workers end
up in the country that vaues them the mogt.

Differentiating the conditional meanin (41) yields:

JE(s|u,, 1 >0) 1 (8,-8,)°c2 IA
TR o’ 0z

T

(42)

The definition of the variance 62 impliesthat (8, -8,)>c2<o?. It can beshownthat 0< 1l /17
< 1 [Heckman (1979, p. 157)] . Therefore:

_IEGI>0)

43) 0 .
A one-year increase in the mean education of the source country increases the mean education of
persons who actudly migrate to the host country, but by less than one year.3! Theinequdity in
(43) implies that the variance in mean education across immigrant groups who originatein
different countries but live in the same host country is smdler than the variance in mean
education across the different source countries. As aresult of immigrant self-sdection, reatively
smilar persons tend to migrate to the host country. The salection process thus serves as apre-
arriva “mdting pot” that makes the immigrant population in the host country more
homogeneous than the population of the various countries of origin.

Supeficadly, it ssems asif the selection rule for observable skillsimplicit in equation
(41) haslittle to do with the selection rules for unobserved killsin (32). However, the
fundamentas that drive immigrant sdlection are exactly the same. The sorting in observed
characteristics is guided by the prices d, and d,. The selection in unobserved characteristics is

aso guided by their prices, the variances s 2 and s2.32

4. The Skills of Immigrants: Empirics
Much of the empirica research in the immigration literature anayzes the differencesin
the skill digtributions of immigrants and natives. Beginning with the work of Chiswick (1978)

31 suppose, for example, that (d; - dy) > 0. Anincrease inm makesit worthwhile for more personsto
migrate and dilutes the mean education of the immigrant sample. Hence the increase in the conditional expectation
of schooling is smaller than the increase in the population mean.

32 Borjas, Bronars, and Trejo (1992) generalize the Roy model to show that the skill sorting of workers
among n potential regionsis also guided by the regional distribution of the returnsto skills. The n-country model is
difficult to solve (and estimate) unless one makes a number of simplifying assumptions about the joint distribution
of skills. Dahl (1997) provides a good discussion of the challenges encountered in estimating polychotomous choice
models in the context of internal migration decisions.
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and Carliner (1980), these studies attempt to measure both the skill differentia at the time of
entry and how this differential changes over time as immigrants adapt to the host country’s labor
market. A key result of thisliterature is that there exists a positive correlation between the
earnings of immigrants and the number of years that have e gpsed Snceimmigration.33 Aswiill
be seen below, there has been a grest dedl of debate over the interpretation of this correlation.

4.1. The ldentification Problem
The empiricd andyds of the relative economic performance of immigrants was initidly
based on the cross-section regresson mode!:

(44) logw, =X, by +b,I,+b,y, +e,

where w, isthe wage rate of person ¢ in the host country; X, is avector of socioeconomic
characterigtics (often including age and education); |, isadummy variable set to unity if person ¢
isforegn-born; and y, gives the number of years that the immigrant has resded in the United

Statesand isset to zero if ¢ isanative34 Because the vector X controls for age, the coefficient b,

measures the differentid value that the host country’ s labor market attaches to time spent in the
host country versus time spent in the source country.

Beginning with Chiswick (1978), cross-section studies of immigrant earnings have
typicaly found that b, isnegativeand b, is positive. Chiswick’s analysis of the 1970 U.S.
Census data indicates that immigrants earn about 17 percent less than “comparable’ natives at
the time of entry, and this gap narrows by dightly over 1 percentage point per year.3> Asa
result, immigrant earnings overtake those of their native counterparts after about 15 yearsin the
United States. The stegper age earnings profiles of immigrants was interpreted as saying that
immigrants accumulated human capita—retive to natives—as the “ Americanization” process
took hold, closing the wage gap between the two groups. The overtaking phenomenon was then
explained in terms of a sdection argument: immigrants are “more able and more highly
motivated” than natives [Chiswick (1978, p. 900)], or immigrants “choose to work longer and
harder than nonmigrants’ [Carliner (1980, p. 89)]. Aswe have seen, these assumptions about the
selection process are not necessarily implied by income-maximizing behavior on the part of
immigrants

Borjas (1985) suggested an dternative interpretation of the cross-section evidence.
Instead of interpreting the pogtive b, as ameasure of assmilation, he argued théat the cross-

33 Although most of the empirical evidence focuses on the U.S. experience, the literature also suggests that
this correlation is observed in Canada [Baker and Benjamin (1994); Bloom and Gunderson (1991)], Australia
[Beggs and Chapman (1991)], and Germany [Dustmann (1993); Pischke (1993)].

34 The models actually used in empirical studies typically include higher-order polynomialsin age and
years-since-migration. These nonlinearities, however, do not affect the key identification issue.

35 Chiswick’s (1978) study uses log annual earnings as the dependent variable and includes education,
potential experience (and its squared), the log of weeksworked, and some regional characteristicsin the vector X.
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section data might be reveding a decline in reative skills across successve immigrant cohorts36
In the United States, the postwar erawitnessed mgjor changes in immigration policy and in the
sze and nationd origin mix of the immigrant flow. If these changes generated aless-skilled
immigrant flow, the cross-section correlation indicating that more recent immigrants earn less
may say little about the process of wage convergence, but may instead reflect innate differences
in ability or kills across cohorts.37

The identification of aging and cohort effects raises difficult methodologica problemsin
many demographic contexts. Identification requires the avallability of longitudina data where a
particular worker is tracked over time, or, equivaently, the availability of a number of randomly
drawn cross-sections so that specific cohorts can be tracked across survey years. Suppose that a
total of W cross-section surveys are available, with cross-sectiont (t =1, ... , W) being obtained
in cdendar year T,. Pool the data for immigrants and natives across the cross-sections, and
consider the regresson mode!:

Q
(45)  Immigrant Equation: logw,, = X,.0,, +8, A, +ay, +BC,. +Z Yie e+ €00 s

=1

Q
(46)  Native Equation: l0gW,; = X, 0+, Ac+ D Y e +E,e

=1

wherew,,; givesthewage of person / in cross-section t; X gives avector of socioeconomic

characteristics; A givesthe worker's age at the time the cross-section survey is observed; C
givesthe caendar year in which the immigrant arrived in the host country; y,, gives the number
of yearsthat the immigrant has resided in the hogt country (y,, = T, - C,;); ahd p,, isadummy
varidbleindicating if person ¢ was drawn from cross-section t .38

Because the worker’ s age is a regressor, the coefficient a measures the differentid value
of ayear gpent in the host country versus a year spent in the source country. Define:

. dlogw,
Cat

_ dlogw,

47) o

=, +0)-9,,

Native

Immigrant

where the derivatives account for the fact that both age and the number of years-sSnce-migraion
change over time. The parameter a* measures the rate of wage convergence between

36 Douglas (1919) presents arelated discussion of cohort effectsin the context of early 20" Century
immigration.

37 Endogenous return migration can also generate skill differentials among immigrant cohorts. Suppose,
for example, that return migrants have relatively lower wages. Earlier cohortswill then have higher average wages
than more recent cohorts.

38 A more general model would allow for nonlinearitiesin the age, years-since-migration, and year-of-
arrival variables, variation in the coefficient vector (f, d) over time, aswell as differencesin the coefficient a across
immigrant cohorts. For the most part, these generalizations do not affect the discussion of identification issues.
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immigrants and natives (an aging effect); the coefficient b indicates how the earnings of
immigrants are changing across cohorts, and measures the cohort effect, and the vectors g and g,
give the impact of aggregate economic conditions on immigrant and natives wages, repectively,
and measure period effects.

The identification problem arises from the identity:

Q
(48) yﬁr = 2 Tc‘c (Tr - Cﬂ,’c) .
1=1

Equetion (48) introduces perfect collinearity among the varigblesy,;, C,; and p; inthe
immigrant earnings function. Asaresult, the key parameters of interes—a,, b, and the vector
g—are not identified. Some type of redtriction must be imposed if we wish to separately identify
the aging effect, the cohort effect, and the period effects. Borjas (1985) proposed the restriction
that the period effects are the same for immigrants and natives:

(49) Gt = G "t

Put differently, trends in aggregate economic conditions change immigrant and native wages by
the same percentage amount. A useful way of thinking about this restriction is thet the period
effectsfor immigrants are calculated from outside the immigrant wage determination system. 39

Friedberg (1992) argued that the generic modd in (45) and (46) ignores an important
agpect of immigrant wage determination: the role of age-at-arriva in the host country. The U.S.
data suggest a strong negative correlation between age-at-arriva and entry earnings. The
identification problem, however, does not disappear when the entry wage of immigrants depends
on age-at-migration. Rather, it becomes more severe. Condder the following generdization of
equation (45):

Q
(50) logw[t = Xl‘rq)i‘r +8i A@‘r +Q y[t +BC€‘E +e M/Z‘l: +2Yit n/f‘r +84‘c !

=1

where M, givestheimmigrant's age a migration. As before, the parameter vector (a, b, g)in
(50) cannot be identified because the identity in equation (48) Hill holds. Theincluson of the
age-at-migration variable, however, introduces yet another identity: M, © A, - y,,. Moreover,
the perfect collinearity introduced by this identity remains even after the period effects are
assumed to be the same for immigrants and natives. Asaresult, an additiona restriction must be
imposed on the data. One possible redtriction is that the coefficient of the age variable isthe
same for immigrants and natives. The estimation of the system in (46) and (50) then requires
that:

(51 d=d, ad g;=9,, "t.

39 Equation (49) is less restrictive than it seems. After all, it does not define which native group
experienced the same period effects as the immigrant popul ation.
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The assumption that the age coefficient is the same in both the immigrant and native samplesis
very redrictive, and contradicts the notion of specific human capitd. After dl, it isvery unlikdy
that ayear of pre-migration “experience’ for immigrants has the same vadue in the hogt country’s
labor market as a year of experience for the native population. Nevertheess, some redtriction
must beimposed if age-at-migration is to have an independent effect on the wage determination
process. An dternative gpproach might model the age-at- migration effect as a sep function:
persons who migrate as children face different opportunitiesin the host country than those who
migrate as adults. This specification would bresk the perfect collinearity between age, age-at-
migration, and years-Snce-migration.

Overdl, the lesson is clear: estimates of aging and cohort effects are conditiona on the
imposed redtrictions. Different restrictions lead to different estimates of the underlying
parameters of interest.

4.2. Economic Assimilation

Even dfter the analyss has dlowed for the possibility of cohort effects, there seemsto be
agreat ded of confuson in the empiricd literature about whether immigrantsin the United
States experience a subgtantial degree of “economic assmilation.”4% Part of the confusion can be
traced directly to a conceptud disagreement over the definition of assmilation.

The Oxford English Dictionary defines assmilation as “the action of making or
becoming like,” while Webster’ s Collegiate Dictionary defines it as “the process whereby
individuas or groups of differing ethnic heritage are absorbed into the dominant culture of a
society.” Any sensble definition of economic assmilation, therefore, must define a base group
that the immigrants are assmilating to. Beginning with Chiswick’s (1978) study of the
“Americanizetion” of the foreign-born in the United States, many studies implicitly or explicitly
use adefinition that equates the concept of economic assmilation with the rate of wage
convergence between immigrants and nativesin the host country. This definition of economic
assmilaionisgivenby a* in equation (47).

Lal.onde and Tope (1992, p. 75) propose a very different definition of the process:
“assimilation occurs if, between two observationdly equivaent [foreign-born] persons, the one
with greater timein the United States typicaly earns more” [Lalonde and Topd (1992), p. 75].
In terms of the econometric modd in equations (45) and (46), the Lal_onde-Topd definition is
samply the parameter a, the coefficient of years-Since-migration in the immigrant earnings
function.

The two dternative definitions of economic assmilation, a* and a, stress different
concepts and address different questions. The parameter a defines assmilation by comparing
the economic vaue (in terms of the host country’ s labor market) of ayear spent in the host
country relativeto ayear spent in the source country. Hence the base group in the Lal onde-
Topd definition of economic assmilation isthe immigrant himself. Immigrants assmilate in the
sense that they are picking up skillsin the host country’ s labor merket that they would not be
picking up if they remained in the source country.

A postive a, however, provides no information whatsoever about the trend in the
economic performance of immigrantsin the host country—relative to that of natives. Suppose,
for example, that the coefficient of the age varigble in the immigrant earnings function is smaler

40 The confusion is al'so present in the empirical studies of the Canadian experience. See, for example,
Bloom and Gunderson (1991, 1995) and Baker and Benjamin (1994).
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than the respective coefficient in the native earnings function (d; < d,,).#1 It isthen numerically
possible to estimate a very positive a, conclude that there is economic assmilaion in the
Lalonde-Topd sense, and observe that immigrant earnings keep faling further behind those of
natives over time (a” < 0).

The ambiguities introduced by the choice of a base group pervade studies of immigrant
economic performance. For example, the discussion of identification issuesignored the question
of exactly which variables should enter the standardizing vector X in the earnings functions (see
equations 45 and 46). The choice of standardizing variablesis not discussed serioudy in most
empirica gudiesin labor economics, where the incluson criteria seems to be determined by the
ligt of variables avallable in the survey data under andyss. But thisissue plays asgnificant role
in the Sudy of immigrant wage determination. The disagreement in the empiricd literature over
the relative economic status of immigrants in the United States arises not only because different
Sudies use different definitions of economic assmilation, but dso because different sudies use
different sandardizing varigbles. Asaresult, the base group differs haphazardly from study to

study.

For example, many studiesinclude aworker’s educationd attainment (measured as of the
time of the survey) in the vector X, so that the cohort and aging effects are measured relative to
native workers who have the same schooling. This standardi zation introduces two distinct
problems. Firgt, part of the adaptation process experienced by immigrants might include the
acquigtion of additiond schooling. By controlling for schooling observed at the time of the
survey, the analyss hides the fact that there might be a great deal of wage convergence between
immigrants and natives. Second, the incluson of schooling in the earnings functions introduces
the possihility of “over-controlling’—of addressing such narrow questions that the empirica
evidence has little economic or policy sgnificance. It might be interesting to know that the wage
of an immigrant high school dropout convergesto that of a native high school dropout, but it is
probably more important to determine how the kills of the immigrant high school dropout
compare to those of the typical native worker. After dl, economic theory teaches us that the
economic impact of immigration depends on how immigrants compare to nétives, and not on
how immigrants compare to datigicaly Smilar natives.

4.3. Empirical Evidencefor the United States
A large literature summarizes the trends in the skills and wages of immigrantsin the
United States42 Almogt al of these studies combine data from various U.S. Census cross-
sections to identify the aging and cohort effects. The essence of the empirica evidence reported
in this literature can be obtained by estimating the following regresson modd in the sample of
working men in each Census cross- section:43

41 Thisisnot an idle speculation. Most empirical studies for the United States do, in fact, show that the age
coefficient in the immigrant regression is much smaller than the respective coefficient in the native regression; see
Borjas (1995a), LalL onde and Topel (1992), and Funkhouser and Trejo (1995). Baker and Benjamin (1994) also
find the same difference in the age coefficients in the Canadian context.

42 See, for example, Borjas (1985, 1995a), Chiswick (1978, 1986), Duleep and Regets (1997), Funkhouser
and Trejo (1995), Lal.onde and Topel (1992), National Research Council [1997, Chapter 5), and Y uengert (1994).

43 The empirical analysis reported below uses the sample of men aged 25-64 who are employed in the
civilian sector, are not self-employed, and do not live in group quarters.
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(52) logw,, =X, by +d; I, + ey,

where w,, isthe wage of person ¢ in the cross-section observed at timet (t = 1960, 1970, 1980,
1990); X isavector of socioeconomic characteristics, and | ; isadummy varigble set to unity if
person ¢ isan immigrant and zero otherwise. The coefficient d, givesthelog wage differentia

between immigrants and ndives a@ timet. The andyd's uses two adternative specifications of the
vector X. Inthefirg, this vector contains only an intercept. I1n the second, X includes the
worker’s educationa attainment, a fourth-order polynomiad in the worker’s age, and variables
indicating the Census region of resdence4

Thefirg row of Table 2 summarizes the trend in the relative wage of immigrant men.
The 9gn and magnitude of the unadjusted wage differentid between immigrant and native men
changed subgtantialy between 1960 and 1990. In 1960, immigrants earned about 4 percent more
than natives did; by 1990, immigrants earned 16.3 percent less. About haf of the dedinein the
relative wage of immigrants can be explained by changes in observable socioeconomic
characterigtics, particularly educationa attainment.

The second row of the table documents the trend in the relative wage of “new”
immigrants (these immigrarts have been in the United States for |ess than five years as of the
time of the Census).#> The latest cohort of immigrants earned 13.9 percent less than nativesin
1960 and 38.0 percent lessin 1990. A subgtantid fraction of the decline in the rdlative wage of
new immigrants can aso be explained by changes in observable socioeconomic characteristics.

Asindicated earlier, the inter pretation of these trends requires that restrictions be
imposed on the period effects. If changes in aggregate economic conditions did not affect the
relaive wage of immigrants (asimplied by equation 49), the cohort effectsin Table 2 then
indicate that the relative skills of immigrants declined across successive immigrant cohorts46
This interpretation, therefore, uses a difference-in-differences estimator to identify thetrend in
relative immigrant skills4?

44 The vector of educational attainment indicatesif the worker has less than 9 years of schooling; 9 to 11
years; 12 years; 13 to 15 years; and 16 or more years. The Census region of residence dummiesindicate if the
worker livesin the Northeast region, the North Central region, the South region, or the West region.

45 The year-of-migration question in the 1960 Census differs from that in the post-1960 Censuses. In 1960,
persons reported where they lived five years ago. The new immigrant cohort in 1960 is composed of persons who
are either naturalized citizens or non-citizens, and were residing abroad in 1955. Since 1970, persons are asked
when they came to the United States to stay, and the new immigrant cohortsin these Censuses are composed of
persons who are either naturalized citizens or non-citizens, and who came to the United States “to stay” in the last
fiveyears. Finally, the 1955-60 cohort can be defined uniquely only in the 1960 and 1970 Censuses.

46 Theimplicit link between wages and skills, of course, presupposes that the data are being interpreted
through the lens of a human capital model of wage determination.

47 However, the U.S. wage structure changed markedly in the 1980s (Murphy and Welch, 1992; Katz and
Murphy, 1992), with asubstantial declinein the relative wage of less-skilled workers. Asaresult, the assumption
that the period effects are the same for immigrants and nativesis probably invalid. Borjas (1995a) presents some
evidence suggesting that the changesin the U.S. wage structure were not sufficiently large to account for the cohort
effectsreportedin Table 2.
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The remaining rows of Table 2 show how the rdative wage of a particular immigrant
cohort changes over time. These Statistics are obtained by estimating the regresson modd in
(52) on a pooled sample that includes natives in a particular age group and immigrants who
arived a a particular point in time and are in the same age group. For example, the third row of
the table report the results from regressions that includes natives aged 25-34 as of 1960 and
immigrants who were also 25-34 as of 1960 and arrived between 1955 and 1960. Thissampleis
then “tracked” across Censuses. The wage of these immigrants not only caught up with, but aso
overtook, the wage of smilarly aged natives, an initid 9.4 percent wage disadvantage in 1960
became a 6.2 percent wage advantage by 1970. The post-1965 immigrants, however, generdly
gart with alarger wage disadvantage and have a smdler rate of relative wage growth.

Although much of the empirica literature focuses on the secular trend in the mean of the
relative wage of immigrants, it is useful to describe the evolution of the income distributions of
immigrants and natives (Butcher and DiNardo, 1996). A smple representation of these trends
can be obtained by using each Census cross-section to estimate the following regression in the
sampleof nativeworkers:

(59) logw,, =X, by +€y.

The residuds from each regression are used to divide the native wage digtribution into deciles,
with uy, giving the benchmark for the k! decilein Censusyear t (with ug, = - ¥, and uyq, = +¥).
By congtruction, 10 percent of the native sample liesin each decile. As before, the andysis uses
two dternative specifications of X. Thefirg includes only an intercept; the second includes
educationd attainment, age, and region of resdence.

To cdculate how many immigrants place in each decile of the native wage distribution,
we can use the equations estimated in (53) to predict the resduas for the immigrant samplein

each cross-section. Let v, betheresidud for immigrant ¢ inyear t and define:
(54) dk‘r = Pr[Uk—l,‘t <Gf‘r < Dk‘r] -

The gatigtic d,; givesthe fraction of theimmigrant sample that liesin the k' decile of the nétive
wage distribution in year t .

The top pand of Table 3 reports the calculations for the immigrant sample, while the
bottom pane reports the distributions for the sample of newly arrived immigrants (where the
caculaion in equation (54) uses only the sample of immigrants who have been in the United
Staeslessthan 5 years).48 The 1960-90 period witnessed a subgtantid changein therelative
wage digtribution of immigrants. In 1960, 17.4 percent of al immigrants and 28.5 percent of
new immigrants fell in the bottom two deciles of the native wage didribution. By 1990, 32.9
percent of al immigrants and 48.9 percent of new immigrants fell in the bottom two deciles. Put
differently, the decline in the average rdative wage of successve immigrant cohorts can be

48 This methodol ogy can also be used to describe how the wage distribution of a particular immigrant
cohort evolves over time and to compare this evolution to that experienced by native workers. Thistype of analysis
would allow the calculation of rates of “distributional convergence.” The results (not shown) suggest that the 1955-
60 cohort experienced substantial distributional convergence, but that thistype of convergenceisrarer for the post-
1965 cohorts.



26

atributed to the increasing likelihood that new immigrantsfal into the very bottom of the native
wage digtribution. 49

Findly, it isingructive to estimate the regresson modd presented in the previous section
in equations (45) and (46) to illugtrate the importance of choosing a definition of economic
assmilation. The regresson results reported in Table 4 are drawn from Borjas (1995a), pool
data from the 1970, 1980, and 1990 Censuses, and include third-order polynomidsin age and
years-snce-migration.>0 The bottom rows of the table use the two dternative definitions of
economic assmilaion (a* and a) to caculate the extent of economic assimilation experienced
ether during thefirst 10 or first 20 yearsin the United States.

The regression results reported in column (1) show that the wage of immigrants—relative
to natives—increases by 6.0 percentage points during the first 10 yearsin the United States and
by 9.9 points during the first 20 years. The Lalonde-Tope definition of assmilation, however,
suggests that the wage of immigrants rises by 7.6 percentage points in the first 10 years and by
14.9 pointsin the first 20 years. The regresson in column (2) includes educationd attainment as
aregressor and the rate of economic assmilation increases. In other words, immigrants
experience greater economic assimilation relative to workers who have the same schooling. In
view of the huge variation in the rates of “economic assmilaion” esimated from the same
regresson mode, it is not too surprising that the empirica literature disagrees over how much
€CoNomic progress immigrants experience in the United States.

4.4. Conver gence and Conditional Convergence

The confusion over the measurement of economic assmilation has motivated some
researchers to estimate more directly the correlation between the skills of immigrants a the time
of entry and the post-migration rate of human capital acquistion [Dulegp and Regets (1996,
1997), Borjas (1997)]. A smple two-period mode of the human capital accumulation process
provides away of thinking about this correlation.>1 Let K give the number of efficiency units
that an immigrant has acquired in the source country. Because human capital may be partly
specific, afraction d of these efficiency units evaporate when the worker emigrates. The number
of effective efficiency units that the immigrant can rent out in the host country IsE = (1 - d) K.

Animmigrant livesfor two periodsin the host country. During the investment period,
the immigrant devotes afraction q of his human capitd to the production of additional human
capita, and this investment increases the number of available efficiency unitsin the payoff
period by g~ 100 percent. If the market-determined rentd rate for an efficiency unit in the host
country is one dollar, the present value of the post-migration income stream is

49 The results presented in Table 3 are consistent with the evidence presented by Borjas, Freeman, and K atz
(1997, Table 15) and Card (1997, Table 2). Butcher and DiNardo (1996) use akernel density estimator and find that
the differences between the wage distributions of immigrants and natives have not changed much in the past three
decades. The Butcher-DiNardo analysis, however, controls for differencesin educational attainment amongthe
various groups.

50 The regression models estimated in Table 4 also allow the coefficients for the linear term in age and
years of schooling to vary over time; see Borjas (1995a) for additional details. The age and schooling coefficients
reported in the table are those referring to the 1990 Census.

51 See Borjas (1997) for adetailed discussion of this framework. A more general theory would model
jointly both the human capital investment decision and the decision to emigrate the source country.
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(55) V=1-dK@-q)+r [(1-d)K(1+9),

wherer isthe discounting factor.52
The human capital production function is given by:

(56) gE = (qE)2 E®,

wherea < 1. Immigrants with higher levels of human capita at the time of entry may be more
efficient a acquiring additiona human capitd. This complementarity between “pre-exiding”
skills and the sKills acquired in the post-migration period suggeststhat b is positive. However,
because the cogts of human capita investments are mostly forgone earnings, higher initid skills
may make it very expengve to acquire additiona skills. This* subgtitutability” would suggest
that b is negative.

Ben-Porath’s (1967) neutrdity assumption states that these two effects exactly offset
each other and b is zero, so that the marginal cost curve of producing human capitd is
independent of the worker’sinitid stock. Hencethe dollar age-earnings profiles of workers who
differ only intheir initid stock of human capitd are pardld to each other. Most empiricd
dudies of earnings determination andyze the characteristics of 1og age-earnings profiles. Hence
it isandyticaly convenient to define a different type of neutraity. Rewrite the human capitd
production function as:

(57) g=qe Ex-L

Equation (57) relates the rate of human capita accumulation (g) to the fraction of efficiency
units used for investiment purposes (g). Define “relative neutrality” as the case where the rate of
human capitd accumulation isindependent of theinitid leve of effective capitd, soa + b = 1.
Ifa + b >1, therate of human capital accumulation is podtively rdated to initid sills, and we
have “relative complementarity.” If a + b <1, therate of human capitd accumulation is
negatively reated to initid skills, and we have “rdative subgtitutability.”

Immigrants choose the rate of human capita accumulation that maximizes the pos-
migration present vaue of earnings. The optimd level of invesment is:

a+B-1

(58) q=(op) ¥ E ¥ .

If there is rdaive complementarity, highly skilled workersinvest more; if thereisrdative
subdtitutability, the more skilled invest less.

Let D be the percentage wage growth experienced by an immigrant in the host country:

_(1-9)K(A+9)-(1-6)K(A-q)

(59) A .

=0+(.

52 The parameter r depends on theimmigrant’ s discount rate and on the probability that the immigrant will
stay in the host country (and collect the returns on the investments that are partly specific to the host country).
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The rlaionship between initid skills and wage growth is:

(60) @:(a+b_1)w_
dE ar(1- a)E

The log wage a thetime of entry is.

(61) logw, =log E +log(1 - q),
and the relaionship between the entry wage and initid skillsis:

62 mzi[l L.Lﬁ—l}_

dE  E|  1-q 1-c

The positive Sign of the first term ingde the brackets of (62) suggests thet higher initid kills
increase entry wages smply because those skills are vaued by the host country’s employers.
Sills at the time of entry, however, dso affect the investment rate. Definek” as.

(63) R s GO Y
g

By definition, the log entry wage is independent of the initid endowment of human capita when
a+b- 1=Kk". Theingpection of equations (60) and (62) reved four cases that summarize the
potentia relationship between the log entry wage and the rate of wage growth:

1. Redative subgtitution between pre- and post-migration human capitd (@ + b - 1 <0).
Silled immigrants invest less, earn more a the time of entry, and experience less wage growth.
There is anegative corrdation between log entry wages and the rate of wage growth.

2. Rddive neutrdity in the human capitd production function (a + b - 1=0). Skilled
immigrants devote the same fraction of time to human capitd investments asless skilled
immigrants, but earn more. There is zero correlation between log entry wages and wage growth.

3. Wesk rdative complementarity in human capitd (0<a +b - 1<k*). Skilled
immigrantsinvest more, and equation (62) indicates that these immigrants aso have higher entry
wages. Thereisapodtive corrdation between log entry wages and wage growth.

4. Strong relative complementarity in human capitd (O<k™ <a +b - 1). Therate of
human capitd invesment is so high for skilled workers that they actudly earn lessinitialy.

There is anegative corrdation between log entry wages and wage growth.53

These cases summarize the implications of human capitd theory for the unconditional
correlation between entry wages and the rate of wage growth. It isaso of interest to determine
the Sgn of the conditional correlation between log entry wages and the rate of wage growth.

53 A fifth case, wherea + b - 1=k”, isalso possible. In this case, skilled immigrants invest more but entry

wages are independent of the level of effective human capital.
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This conditiona corrdation holdsinitid skills congtant. Differences in discounting factors ()
generae differences in entry wages and wage growth among immigrants. It is easy to show that:

(64) dlogwp| _ -1 ga_g
dr 1-q dr

dA

(65)

sncedg/dr >0. Equations (64) and (65) indicate a negative correlation between the log entry
wage of immigrants and the rate of wage growth, holding initid skills congtant. In other words,
the theory predicts “ conditiona convergence.”>4

One can cdculate the correlation between the rate of wage growth and the log entry
wages in the host country by tracking specific immigrant cohorts over time. Consider the cohort
of immigrants who migrated from country j  timet, when they werek yearsold. Their log
wage a thetime of entry is given by w;,(t). Therate of wage growth of thisimmigrant cohort
over the (t, tQ timeintervd is

(66) Dw(t, t9 = [wy(t9 - wy ()]
Congder the regresson mode!:
(67) Dwi(t, t9 = of wy (t) + Xy + My,

where x,; gives ayear-of-ariva/age-at-migration fixed effect.>>

The empirica analysis uses the 1970, 1980, and 1990 U.S. Censuses and is restricted to
immigrant men who arrived ether in 1965-69 or in 1975-79. A cohort is defined in terms of
country of birth (85 nationdl origin groups) and age a arrivd (25-34, 35-44, and 45-54 years
old), and is tracked across the Censuses for a 10-year period. Thefirst column of Table 5 reports
the estimated g. Thereisapositive, though inggnificant, unconditiond correlation between the
rate of wage growth and the log entry wage of immigrant cohorts. The point estimate suggests
that the earnings of different immigrant groups diverge somewhat over time—the cohorts that
have the highest log wage a the time of entry experience adightly faster rate of wage growth.
In other words, there seems to be some week relative complementarity between the skills that
immigrants bring into the United States and the skills that they acquire in the post-migration
period. Thisresult, of course, resembles Mincer’s (1974) finding of complementarity between
investments in school and invesments in on-the-job training.

54 This concept plays an important role in the economic growth literature [Barro (1991), Barro and Sala-i-
Martin, (1992)]. Inthisliterature, per-capitaincome across countries convergesif theinitial level of the human
capital stock is held constant across countries, but does not converge if initial human capital varies across countries.

55 Theinclusion of the fixed effect X in (67) implies that the numerical value of the coefficientq is
unchanged if the dependent variable were redefined to be the rate of wage growth of the immigrant cohort relative to
that experienced by nativesin the same age group, and the independent variable were the log entry wage of the
immigrant cohort minus the log wage of nativesin that age group.
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To evauate the presence of conditional convergence, consder the regresson mode!:
(68) D (t, 19 = g° Wi (t) +F §(t) + X + W,

where 5, (t) gives the average years of schooling of theimmigrant cohort thet originated from
country j at age k—measured as of thetime of entry t. The second column of Table 5 shows that
g, ameasure of conditiona convergence, is negative and Sgnificant. The samesgn reversd
occursiif the regression adds country-of-origin fixed effects (see column 3), so that thereisa
great dedl of convergence among immigrant groups from a particular country of origin. These
country-of-origin fixed effects, of course, can also be interpreted as measures of the cohort’s
human capital stock at the time of entry.

Duleep and Regets (1997) have estimated these types of convergence regressions but use
adifferent definition of an immigrant cohort. In particular, the immigrant cohort is defined not
only in terms of country-of-origin, age-at-migration, and year-of-arrivd (i.e, acdl in j, k, t), but
dsointerms of educationd atainment. In particular, let w;,((t) be the log wage of an immigrant
cohort originating in country j, migrating a age k, with s years of schooling, and arriving in
calendar year t. Smilarly, let Dw;((t, t9 be the rate of wage growth experienced by this cohort
over thetimeintervd (t, t9. For expostiona convenience, suppose that al immigrant cohorts
arivein the same cdendar year t. Consder the regresson modd:

(69) DWiks = I Wjs + X + Wi

wherew,, . isan i.i.d. error term. Duleegp and Regets (1997) document that | is strongly negetive
in U.S. data, and interpret thisfinding as implying that the decline in quality across successve
immigrant cohorts is not as strong as suggested by the trend in entry wages. A negtivel
suggests that more recent cohorts will experience faster wage growth in the future, and the
present vaue of the age-earnings profile might not differ much across cohorts.

This dternative framework raises the interesting question of whether the coefficient |
edtimates the unconditiond rate of convergence (q) or the conditiond rate of convergence (0°).
To see the relationship among these parameters, rewrite the wage level and wage growth for the
(, k, s) cohort as:

(70) Wis =W +] s+ 8o

(71) DW= Dwj + Cs + €,

wherej ¢ and c are fixed effects giving the “returns to schooling” for wage levels and wage
growth, respectively; and g, and e, arei.i.d. random variables that are uncorrelated with the
other right-hand-side variablesin (70) and (71). The convergence regressonin (69) can be
rewritten as.

(72) Dwi =1 wy + (1] s- € + X+ wg
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where we= w;; + | 8, - €, and an observationisa(j, k, s) cel. Let p(s) bethefraction of the
population that has s years of schoolingina(j, k) cell, and aggregate across schooling groups
withina(j, k) cdl.56 Thisaggregation yidds

(73) Dwiy =1 Wy + D" (Ao =) Py (8) + X, + W

Equation (73) shows that the convergence regression that uses schooling groups to define the
cohort is equivaent to aregresson that aggregates across schooling groups but includes

variables that indicate the educationd atainment of the cohort. Asaresult, the coefficient |
estimates the extent of conditiona convergence acrossimmigrant cohorts. It isnot surprising,
therefore, that Duleep and Regets (1997) find a great ded of wage convergence across immigrant
cohorts snce they are implicitly holding initiad skills constant. 1t is worth stressing, however,

that afinding of conditiona convergence does not suggest that immigrant cohorts with lower
entry wages experience faster wage growth in the host country. As Table 5 shows, the choice of
abase group iscrucid. Overdl, immigrant cohorts that start out with higher wages, if anything,
tend to have dightly faster wage growth.

5. Immigration and the Wage Structure

The literature atempting to measure how immigrants affect the employment
opportunities of native workersin ahost country has grown rapidly in the past decade. However,
anumber of difficult conceptua and econometric problems plague this literature. Asaresult,
much of the accumulated empirica evidence probably has little to say about acentra question in
the economics of immigration.

5.1. Spatial Correations

Economic theory suggests that immigration into a closed labor market affects the wage
dructure in that market by raising the wage of complementary workers and lowering the wage of
subdtitutes. Almogt dl of the empiricd dudiesin this literature define the labor market dong a
geographic dimension—such as metropolitan areas or saesin the United States. If immigrant
flows penetrate geographic labor markets in the host country randomly and if natives do not
respond to these supply shocks, the “ spatial correlation” between labor market outcomesin a
locdlity and the extent of immigrant penetration would identify the impact of immigration.
Beginning with the early work of Grossman (1982) and Borjas (1983), the typica study
regresses ameasure of native economic outcomes in the locality (or the change in that outcome)
on the rdative quantity of immigrantsin that locdity (or the change in the rdative number).>7
The regresson coefficient isthen interpreted as the “impact” of immigration on the native wage
structure.

There are two wdll-known problems with this gpproach. Firdt, immigrants may not be
randomly distributed across labor markets. The 1990 U.S. Census indicates that immigrants

56 The aggregation uses p; «(s) asweights.

57 More recent studies include Altonji and Card (1991), Card (1997), Jaeger (1996), Lal_onde and Topel
(1991), and Schoeni (1997). De New and Zimmermann (1994) and Pischke and Velling (1997) provide similar
studies of the German labor market.
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clugter in avery smal number of places. 73.8 percent of immigrants aged 18-64 reside in 6 states
(Cdlifornia, New York, Texas, Forida, Illinois, and New Jersey), but only 35.5 percent of
natives live in those states. Similarly, 35.4 percent of immigrants live in four metropolitan aress
(Los Angeles, New Y ork, Chicago, and Miami), but only 12.9 percent of natives live in those
locdlities. If the areas where immigrants cluster (e.g., Cdifornia) have done well over sometime
periods, this would produce a spurious correlation between immigration and area outcomes
ether in the cross-section or in the time-series. A positive spatia correlation would smply
indicate that immigrants choose to resde in areas that are doing relaively wdl, rather than
measure the extent of complementarity between immigrant and native workers.

The second problem with the spatia correlation gpproach isthat natives may respond to
the entry of immigrantsin aloca labor market by moving their |abor or capitd to other locdlities
until native wages and returnsto capitd are again equaized across arees. A large immigrant
flow ariving in Los Angdes might well result in, say, fewer workers from Mississippi or
Michigan moving to Cdifornia, and aredlocation of capitd from those satesto Cdifornia. A
comparison of the wage of native workers between Cdifornia and other states might show little
or no difference because the effects of immigration are diffused throughout the nationd
economy, and not because immigration had no economic effects.

In view of these potentid problemsit is not too surprising that the empiricd literature has
produced a confusing array of results. The generic regresson mode used in the spatia
correlation literature is of the form:>8

(74) Dyjs(t’ t(D = bt ijs(t’ t(D + st(t) ai + ujs(t’ t(D,

where Dy, (t, tg isthe change in a measure of employment opportunities experienced by netives
who livein region j and belong to skill group s between yearst and t¢ Dm(t, tq) is amesasure of
the immigrant supply shock in that region for that skill group over the (t, td timeintervd; X isa
vector of standardizing variables; and ui(t, t9 isthe stochastic error.

Table 6 summarizes the estimated b’ s from recent studies by Borjas, Freeman, and Katz
(1997) and Schoeni (1997). The Borjas-Freeman-Katz study uses states as the geographic unit,
covers the 1960-70, 1970-80, and 1980-90 periods, and defines the immigrant supply shock
Dmy(t, t9 asthe change in the number of immigrants between t and térelative to the number of
naivesincdl (j, ) e timet. Borjas, Freeman, and Katz pool across education groups and
estimate equation (74) by induding fixed effects indicating the native group’ s educationa
attainment and state of resdence. The Schoeni study uses metropolitan aress as the geographic
unit, covers the 1970-80 and 1980-90 time periods, and defines the immigrant supply shock as
the change in the fraction of the total population that is foreign-born. Schoeni estimates equation
(74) separately by educeation group, and includes the native group’ s mean education and age, as
well as ameasure of the size of the labor market, in the vector X. In both sudies, the immigrant
supply shock isrelated to wage and employment changes.

The mogt griking feature of Table 6 is that each study finds huge differences across
coeffidents, making it extremdy difficult to generdize about the effect of immigration on labor
market outcomes. Both studies report that the sign of the coefficient b, changes erretically over

58 The early studies estimated equation (74) in level form, while more recent studies tend to use first-
difference measures of labor market outcomes.
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time. Inthe Borjas-Freeman-Katz analyds, there is a negative correlation between immigration
and employment in the 1960s, but the coefficient becomes pogtive (and numericdly larger) in

the 1970s, and turns negative and modest in the 1980s. Similarly, Schoeni finds that a three-
point increase in the immigrant share of the population (from, say, 7 to 10 percent) reduced the
earnings of men who are high school graduates by 1 percent in the 1970s, but the same supply
shock would have increased the wage of this group by .8 percent had it occurred between 1980
and 1990. Note dso that thereisalot of disperson in the coefficients (within agiven time
period) when one compares the results for men and women, or if one looks at wage outcomes or
employment outcomes.

As noted above, the supply shock to a particular [abor market is likely to be endogenous
because immigrants choose where to live depending on economic conditions in the locdity (this
point is discussed in more detail in the next section). Altonji and Card (1991, p. 222) instrument
the immigrant supply shock with a second-order polynomid in the fraction of the work force that
isforeign-born at the beginning of the period. In the Altonji-Card study (which covers the 1970
80 period), the OL S estimate of b, for white men with less than a high school education is-.36
(with agtandard error of .41), but the IV estimate is—1.10 (.64). The Altonji-Card 1V estimate of
equation (74), therefore, seems to suggest that immigrants have a substantia adverse effect on
the wages of natives.

The Schoeni study uses the Altonji-Card IV procedure, and also finds that 1V leads to
veay different etimates. As Table 6 shows, however, the IV procedure does not reduce the
confusion cregted by the excessve time variation in the estimated b’s. If anything, the IV
procedure increasesit. Inthe 1970s, the OL S spatid correation is usudly negative and the IV
procedure tends to make b even more negative. 1n the 1980s, the OLS spatid corrdation is
usualy positive and the IV procedure tends to make b even more postive.

The ambiguous empirica evidence raises a number of important questions—most of
which have yet to be serioudy addressed by the literature. For instance, why isthe sign of the
gpatia correaion in the United States so dependent on the time period under analysis? Borjas,
Freeman, and Katz suggest that the ingtability in the spatia correlaion over time can probably be
traced back to mgjor changesin the U.S. regiona wage structure—changes that are not well
understood and that probably have little, if anything, to do with immigration. Figure 2 illusirates
the nature of the structura change by showing the relationship by state between (education
adjusted) wage growth in the 1980s and wage growth in the 1970s for men.>® Thefigure
illustrates a strong negative correlation in wage growth by state across the two decades0 In
other words, the high wage growth states of the 1970s became low wage growth states in the
1980s.

However, Figure 3 shows that the same states continued to receive large numbers of
immigrants. The reversd of wage growth among states thusimpliesareversa in the sign of the

59 The data underlying the figure adjusts for interstate differencesin the educational attainment of natives
by aggregating across different education cells using afixed weight of the native education distribution; see Borjas,
Freeman, and Katz (1997) for more details. The datapointsillustrated in both panels of Figure 2 are weighted by
the size of the adult-age population in the state in 1980.

60 Borjas-Freeman-K atz show that this negative correlation does not exist between the 1960s and the
1970s. The correlation in those two decadesis nearly zero. Shoeni (1997, unpublished tabulations) also findsa
strong negative correlation in wage growth by metropolitan area between the 1970s and the 1980s.
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correlation between changesin wages and in immigration. An observer will dmost certainly
draw different inferences about the impact of immigration by andyzing spatia corrdations
edimated in different time periods. Unless the andyst can net out the impact of these structura
shifts (and that would require an understanding of why the shifts occurred in the first place), itis
amogt hopeless to isolate the impact of immigration on the U.S. wage structure from regressiont
based spatia correlations.

A different gpproach to estimating spatia correlations gppears in Card’ s (1990)
influentid case study of the Mariel immigrant flow. On April 20, 1980, Fidd Castro declared
that Cuban nationals wishing to move to the United States could leave fredly from the port of
Mariel. By September 1980, about 125,000 Cubans had chosen to undertake the journey.
Almogt overnight, the Marid “natural experiment” increased Miami's |abor force by 7 percent.
Card's (1990) andysis of the CPS data indicates that labor market trends in Miami between 1980
and 1985—in terms of wage levels and unemployment rates—were similar to those experienced
by such cities as Los Angdles, Houston and Atlanta, cities that did not experience the Maridl
supply shock.61

Although superficidly different, al spatid corrdation sudies—whether they use the
regresson modd in (74) or focus on a single unexpected supply shock—rely on difference-in-
differences estimates of how immigration changes native outcomes in cities that received
immigrants versus in cities that did not.52 One could easily argue thet this literature hasfaled to
increase our understanding of how labor markets respond to immigration. 1f we take the
empiricd evidence summarized in Table 6 a face value, the implications are disurbing:  ether
we need different economic modd s to understand how supply shocks affect labor marketsin
different time periods (and we would then be left wondering which modd we should use to
predict the impact of the next immigrant wave), or the regression coefficients are Smply not
measuring what we think they should be measuring.

5.2. A Mode of Wage Determination and Internal Migration

As noted earlier, natives might respond to immigration by “voting with their feet,” either
through capital or labor flows. What structura parameters, if any, do the spatial correlations
between native wages and immigrant supply shocks then measure? And, in particular, istherea
way of recovering the “true’ wage effect of immigration from spatid corrations?

This section shows formaly what these spatid correationsidentify inasmple
framework that jointly mode s the wage determination processin alocd labor market and the
internal migration decision of native workers. The modd presented here borrows liberdly from
aframework developed by Borjas, Freeman, and Katz (1997, unpublished appendix).63

61 Related studiesinclude Hunt's (1992) analysis of the movement of 900,000 persons of European origin
between Algeriaand France in 1962, and Carrington and de Lima’'s (1994) study of the 600,000 refugees who
entered Portugal after the country lost the African colonies of Mozambique and Angolain the mid-1970s. Neither
study finds a substantial impact of immigration on the affected local |abor markets.

62 The key distinction between the two approaches concerns the extent to which the immigrant flow is
unexpected (and natives have had little opportunity to plan in advance for the supply shock).

63 The model can be viewed as an application of the Blanchard and Katz (1992) framework that analyzes
how local labor markets respond to demand shocks. The model can also be adapted to incorporate capital flows.
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Suppose that the labor demand function in geographicareaj (j = 1, ..., J) @ timet can be
written as

(75) w, = X, Ly,
where w;, isthewageinregion j a timet; X;; isademand shifter; L;; givesthe total number of
workers (both immigrants, M, and natives, N;); and h isthe factor price dadticity (h <0). Itis
useful to interpret equation (75) asthe margina productivity condition for agroup of workers
witha particular skill level. For convenience, | omit the subscript indicating the skill class, and |
assume that dl workers within a particular skill class are perfect substitutes.

Suppose that N; _; native workersresidein region j in the pre-immigration regime (t = -1),
and that the nationd labor market isin equilibrium prior to the entry of immigrants. The wage,
therefore, isinitidly congant acrossdl J regions. We can then write the margind productivity
condition in the pre-immigration regime as.

(76) W= Xy Nj’f_l =W, "

We will assume thet this economy is affected only by supply shocks, so that the demand shifter
X, remains constant across dl time periods (i.e, Xy = X 4, " ]).%4

It isingtructive to begin with avery smple verson of the supply shock, a one-time
supply incresse. In particular, M;, immigrants enter region j a time 0. This supply shock will
generaly induce aresponse by native workers, but this response occurs with a lag. For
amplicity, assume that immigrants do not migrate interndly within the United States—they
enter region j, and remain there5> Natives do respond, and region j experiences anet migration
of DN, nativesin period 1, DN, nativesin period 2, and so on. The variable N;; then givesthe
number of native workers present inregion j a timet, and M;; gives the number of immigrants
who entered (and remained) inregion j. Thewageinregion j & timet isgiven by:

(77) log wj, =log X;; + h logN;_; + M + DNy + ...+ DNy),
which can be rewritten as;

(78) logwj; » logw_; + h(mg + v+ ... + V), forts 0O,

64 This assumption implies that the entry of immigrants will necessarily lower the average wagein the
economy. The model can be extended to allow for capital flowsfrom abroad. These capital flowswould bring the
rental rate of capital back to the world price and re-equilibrate the economy at the pre-migration wage. This
extension, however, complicates the notation substantially without altering the key insights.

65 Some of the “movers’ will beimmigrants taking advantage of better opportunitiesin other regions. The
empirical evidencein Bartel (1989), however, suggests that immigrants in the United States are not very mobile
once they enter the main gateway areas. The possibility that some of the movers might be immigrants does not
affect the nature of the results reported below.
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where m,, = Mo/ Njq, the relative number of immigrants entering region j; and vj; = DNj; / N, the
net migretion rate of nativesin region j a timet (reaive to theinitia population in the region).66
The lagged native supply response is described by the function:

(79 Vji=s (logw; ., —logw),

wherelog w is the equilibrium wage that the nationa economy will attain once the one-time
immigrant supply shock works itsdlf through the system, and s isthe supply dadticity (s > 0).67
The equilibrium wage that will be eventudly attained in the nationd economy is defined by:

(80) logw =logw_, + hm,

wherem = M/N; M givesthe totd number of immigrantsin the economy; and N givesthe
(fixed) tota number of natives.

The relationship between the region-specific supply shock my, and the national supply
shock, m, iseasy to derive. In particular, suppose region j has (in the pre-immigration regime) a
fraction r; of the native population and receives afraction r ; of theimmigrants. The region
specific supply shock isthen given by:

Mjo:Pj M
N

(81) m;, = =Kk . m,

jo LN
wherek; =/ r;, ameesure of the penetration of immigrantsinto region j relativeto the region’s
pre-immigration Sze. Immigrationis“neutraly” distributed acrossthe host country if k;=1" j.
The long-run equilibrium wage log w defined in equation (80) would be attained immediately in

al regionsif theimmigrant supply shock were neutraly distributed over the country.

There are anumber of subgtantive assumptionsimplicit in the supply function given by
equation (79) that are worth noting. First, the native supply responseislagged. Immigrants
arivein period 0. The demand function in equation (78) implies that the wage response to
immigration isimmediate, 0 that wages fal in the affected regions. Natives, however, do not
respond to this change in the regiona wage structure until period 1. Secondly, the mode has not
imposed any regtrictions on the value of the parameter s. If s isauffidently “smdl,” the

66 Thelag in native migration decisionsimpliesthat Njg = N; _;.

67 The supply function istypically written in terms of wage differentials anong regions. Consider atwo-
region framework with equally sized regions. The alternative specification of the supply functionis:

v, =g(log w, —logw,),

where gwould be the conventionally defined supply elasticity. Because theregions are equally sized, the
equilibriumwage logw= .5 (logw, + logw;, ). Substituting this definition into the supply function yields:

v, =2g(logw, —log W),

so that the elasticity s defined in (79) is twice the conventionally defined supply elasticity.
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migration response of natives may not be completed within one period. Some individuas may
respond immediately, but other individuals will take somewhat longer.68 Findly, note thet the
migration decison is made by comparing the current wage in region j to the wage that region |
will eventudly atain. Inthismode, therefore, there is perfect information about the eventua
outcome that results from the immigrant supply shock. Unlike the typica cobweb mode,
persons are not making decisions based on erroneous information. The lags arise Smply because
it isdifficult to change locationsimmediately.

The model isnow closed and can be solved recursvely. The native net migration rate in
regionj a timet isgiven by:69

(82) vV, =—no (1+no) " ([1-k,)m,

wheretheredtriction 0 < (1 + hs) < 1isassumed to hold throughout the andlysis. Equation (82)
showsthat region j does not experience any net migration of nativesif k; = 1, sncethe “right”
share of immigrants entered that region in thefirst place. Regions that received ardatively large
number of immigrants (k; > 1) experience native out-migration in the post-immigration period
(recdl h < 0), while regions that recaeived rdatively few immigrants experience native in-
migration. Native net migration is largest immediatdy after the immigrant supply shock, and
declines exponentialy theregfter.

Theweageinregion j a timet depends on the total net migration of natives up to that
time Thistotal migration isgiven by:

(83) V=- inc(l+ no) (@1~ k;) m=(1-k;)[1-(1+ no)'1m.

=1

Equation (78) then implies that the wageinregion j a timet equals.
(84) logw, =logw , + h{k; +(1- k)[1- (1+hs)T}m.

Equations (83) and (84) provide the foundeations for a two-equation modd that jointly
andyzes the native response to immigration and the immigrant impact on the wage structure. To
evaduate if the data can identify the rlevant parameters, consder adightly different form of the
modd:

68 |n a sense, the migration behavior underlying equation (79) is analogous to the firm’ s behavior in the
presence of adjustment costs (Hamermesh, 1993). One can justify this staggered response in a number of ways.
The labor market isin continual flux, with persons entering and leaving the market, and some of the migration
responses may occur concurrently with these transitions. Workers may also face constraints that prevent them from
taking immediate advantage of regional wage differentials. Some families, for example, might have children
enrolled in school or might lack the capital required to fund the migration.

69 Equation (82) is derived asfollows. First, use the demand function in (78) to calcul ate the wage
observed in regionj at time O after the immigrant supply shock. Thiswage can then be used to calculate the net
migration flow experienced by regionj in period 1 using the supply function in (79), and to cal culate the period-1
wage intheregion. Equation (82) follows from this procedure by carrying the process forward to periodt.
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(85) V, =[1-(14+n0)'Im-[1-(1+no) 1m,
(86) logw;, —logw ; =n[1-(1+n0c) Im+n(1+noc) m;.

Note that both equations (85) and (86) are of the “before-and-after” type. In effect, equation (85)

presents a firgt-difference modd of the totd migration of natives (where there was zero

migration in the pre-immigration regime), while equation (86) presents amode of the wage

changeinregion j before and after the immigrant supply shock. Both regressions contain two

explanatory variables. the nationa immigrant supply shock (m), and the regiona supply shock

(m;). Themodel has been derived for asingle kill class, so that the nationa immigrant supply

shock isaconstant across dl observations and its coefficient is subsumed into the intercept. One

can imagine having a number of different skill classes and “stacking” the data across skill groups

(assuming that there are no cross-effects that must be taken into account). The nationd

immigrant supply variable would then be a congtant within askill class. Itislikely, however,

that there are sKill-gpecific fixed effects both in net migration rates and in wage changes. These

fixed effectsimply that the coefficient of the national supply shock cannot be separately

edimated. Therefore, dl the estimable information about how regiond wages evolve and how

netives respond to immigration is contained in the coefficient of the supply shock variable m.
Suppose we observe data as of timet (i.e., t years after the immigrant supply shock). Let

d, be the coefficient from the native net migration regresson, and b, be the coefficient from the

wage change regression.  These coefficients are defined by:

(87) di=—[1-(1+hs)],
(88) b,=h(1+hs).

These coefficients yield a number of interesting implications. Ast grows large, the
coefficient in the migration regression converges to —1 and the coefficient in the wage change
regression convergesto zero. Put differently, the longer the time elapsed between the one-time
immigrant supply shock and the measurement of native migration decisons and wage changes,
the more likely that natives have completdly interndized the supply shock, and the lesslikdly
that the data will uncover any wage effect on loca |abor markets. Second, note that the wage
regresson will not estimate the factor price dadticity h except at time O—immediately after the
immigrant supply shock. Over time, the wage effect is contaminated by native migration, and
the contamination grows larger the longer one waits to measure the effect. In fact, reasonable
assumptions for the factor price and supply dadticities suggest that the wage regression will yield
useless estimates of the wage effect even if the dataiis observed only 10 years after the one-time
supply shock. For example, supposethat h = —3, andthat s = .5. After 10 years, the wage
change regression would yield a coefficient of —06. Findly, and most important, the two-
equation modd alows usto identify the factor price dadticity if we do not wait “too long” after
theimmigrant supply shock. The definitions of the coefficientsd, and b, imply thet:

__ B
©9) n_1+8t '

The factor price eladticity can be estimated from the spatial correlation between wage growth and
immigration by “blowing up” the coefficient from the wage change regresson. Suppose, for
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example, that the migration coefficient is—.5, so that 5 natives leave the region for every 10
“excess’ immigrants that enter. The true factor price eadticity h isthen estimated by doubling
the spatia correlation between wages and immigration. Note, however, that because d
approaches—1 ast grows large, the formula given by equation (89) is not useful if the data are
observed some time after the immigrant supply shock took place.”0

The moded suggests that the problem with the spatid correlations reported in the
literature may not be so much the endogeneity problem caused by immigrants choosing to move
to “good” aress, but the fact that al of the currently available empirica models suffer from
omitted-variable bias. The correct specification of the wage change regresson isonein which
the wage change in the region (for a particular skill group) is regressed on the net supply shock
induced by immigration. The correct generic regresson is of the form:

(90) Dw; =h(m, + V) + other variables + g,

where m; measures theimmigrant supply shock; V; measures the (total) net migration rate of
natives; and g isthe stochastic error. Thetypical regression in the literature is of the form:

(91) Dw; =b m; + other variables + (g + hV)).

As discussed above, it is not uncommon to estimate equation (91) usng ingrumentd varigbles,
where the ingrument is the fraction of region j’s population that is foreign-born a the beginning
of the period. Thejoint modd of wage determination and internal migration, however, clearly
indicates that thisinsrument isinvaid because it must be correlated with the disturbance termin

70 Although the model presented here focuses on the response of native workers to immigration, the
framework can be extended to take into account the response of capital flows. These capital flowswould include
both the response of native-owned capital “residing” in other regions, as well as the response of international capital
to the lower wages now available in the host country. Itisinstructive to sketch amodel that incorporates these
capital flows, and to compare the key results to those of the internal migration model. Let th be the capital flow in
year t induced by the immigrant supply shock in year 0, and suppose that the supply response of capital is given by:

Fit=ay (logwj;—log w ) +a, (log wj;— logw.y),

where w gives the average wage observed in the host country at timet. The first term of this equation summarizes
the incentives for capital flows to occur within the host country, while the second term summarizes the incentives
for international capital flows (assuming that the world economy wasin equilibrium at wage w._; prior to the
immigrant supply shock.). Note that both supply elasticitiesa; and a, are negative. The specification of the capital
supply response impliesthat internal and international capital flows continue until the wage in all regions of the host
country re-equilibrate at the world wagew_;. Thevariable th enters additively into the earnings function in (78).

To simplify, suppose that there are only capital responsesto immigration (and no native internal migration). After
some tedious algebra, it can be shown that the equation giving the change in the log wage between timet and —1 (the
before-and-after comparison) depends on both m, the national supply shock, and on n, the regional supply shock.
The coefficient of the regional supply shock (the only coefficient that can be identified by the data) isthen given by
h (1+a; +a,).. Aswiththe native migration model, therefore, the factor price elasticity isidentifiable only in the
initial year, and the spatial correlation converges to zero (assuming that- 1< a4 +a, <0). This approach can be
extended to incorporate both native internal migration and capital flowsinto the model. The simple form of the
“blowing up” property reported in equation (89) does not hold in this more general model because the true factor
price elasticity cannot be identified from estimates of the spatial correlations (b) and the native migration response
(0. Theidentification of h now also requiresinformation on the elasticities of the capital supply equation.
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(91). After dl, the native net migration response depends on the number of immigrantsin the
local [abor market at the beginning of the period. Asaresult, the IV methodology commonly
used in the literature does not identify any parameter of interest. A valid IV procedure would
require congructing an insrument that is correlated with the immigrant supply shock, but is
uncorrelated with the native migration response. Such an instrument, it isfair to say, will be
hard to find.”1

The modd aso suggests that the factor price dadticity is directly identifiable from a
before-and- after wage change regresson if the regression is estimated immediately after the
immigrant supply shock takes place. Card's (1990) study of the Maridl flow carries out precisely
thistype of exercise, yet fals to find any measurable response to immigration in the Miami labor
market in the year after the supply shock took place. Card aso reports evidence that population
flowsinto the Miami area dowed down as aresult of the Marid shock, but it ssems unlikely that
native migration decisons completdy internaized the impact of the supply shock within ayear.
It is possible that capitd flows from other cities to Miami “take up the dack,” but there does not
exig any evidence indicating thet this, in fact, happened. Card's evidence (dthough imprecisdy
estimated), therefore, cannot be easly dismissed and the findings of the Card study remain a
magor puzzle.

5.3. A Modd with a Permanent Supply Shock

The modd presented in the previous section assumed that immigretion is a one-time
supply shock, and the modd’ s parameters were estimated by comparing outcomes in the pre- and
post-immigration periods. Some host countries, particularly the United States, have been
receiving a continuous (and large) flow of immigrants for more than 30 years. Asareault, itis
useful to determine what, if anything, can be learned from spetia corrdations when immigrants
add to the labor supply of the host country in every period, and the parameters of the model are
estimated while the immigrant supply shock continues to take place.

The framework presented in the previous section can be easly generdized to the case of
a permanent influx if we assume that each region of the country receives the same immigrant
supply shock every year. Thisassumption isnot grosdy contradicted by the data for the United
States because the same regions have been the recipients of immigrants for several decades. At
timet, therefore, native workers respond to the supply shock that occurred in the preceding
period, as well asto the supply shocks that occurred in dl earlier periods. The main adjustment
that has to be made to the earlier mode concerns the specification of the native supply function.
In particular, suppose that the native migration response a timet is

71 The generic model in equation (90) can be used to illustrate that the “ blowing-up” result is ageneral
property of thistype of framework. In addition to the wage change equation in (90), there exists an equation relating
the native response to the initial supply shock:

Vj :dnﬁ +othervariab|e£+vj.

Substituting this equation into (90) yields the reduced-form regression:

Dw; = h(1+d) m + other variabl&e+wj.

The coefficient of m in this reduced-form equation equalsb, the spatial correlation typically reported in the
literature. It then followsthath =b/(1 + d).
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(92) Vi =s (logw, ., —log Wy,),

wherelog w,_; isthe equilibrium wage that will be observed throughout the national economy
once dl the immigrant supply shocks that have occurred up to timet-1 work themsdves through
the system. Asbefore, the native response is forward-looking in the sense that natives take into
account the consequences of the total immigrant supply shock that has dready taken place. It
might seem preferable to modd the supply function so that natives take into account the
expected impact of future immigration. However, the total supply shock uptotimet-1lisa
“sufficient Satitic” because we have assumed that the region recaives the same number of
immigrants in every period.

The nationd equilibrium wage that will be eventudly attained as aresult of the
immigrant supply shocks up to period t-1is.

(93) logw,; =logw; +h(mgy+ ...+ m ) =logw; +h t m,.

Congder the native supply response to the immigrants who entered the country in period
0. Equation (83) in the previous section showed that the net migration rate of nativesin period t
induced by the period-0 immigrant flow equals (1 —k;) [1— (1 + hs)f m. Consider now the
native response to the supply shock in year 1. Equation (83) then implies that the net migration
rate of natives induced by the period-1 migration flow equas (1-k;) [L— (1 + hs)*1] m. The
total net migration of nativesin period t attributable to asupply shock of kjminregion j between
periods O and t-1 isthen given by:

(94) V, = tﬁ (1- k) [1-(1+ o) Im = (1- kj){t+1+nc[l— (1+ ncs)‘]} m,
=0 no

and thewage observed inregion | a timet equas:

(95) logw;, =logw._, + n{(t +Dk; + (1-k;) [t + 1:]20 [1-(1+ nc)t]}} m.

We can now derive the two first-difference regresson models that compare native net
migration rates and wages before-and-after the beginning of the immigrant supply shock. These
regresson models are given by:

Vf{ t_, (1+no) [1_(1+n6)t]}(t+1)m
t+1 no (t+2)

|t (@+no) [1-(+n0)]
t+1 mno (t+3

(96)

}(t +)m,,
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|Ongt—|OgW_1:T]|:tt +(1+n0) [1_(1+n6)t]i|(t+])m

+1 no (t+2)
(97) t
+T{ 1  (1+no) [1-(1+no) ]}(t+1)m-,
t+1 mno (t+1) '

where the independent variables have been defined to measure the totd (as of timet) immigrant
supply shock either at the nationd level, (t+1)m, or at theregional level, (t+1)m. As before, we
can estimate these models either within asingle skill group, or by “stacking” across skill groups.
If the latter mode aso includes skill fixed effects, the regresson models can only identify the
coefficient of (t+1)my. If welet d, be the coefficient of the regiona supply shock in the interndl
migration regression, and b, be the coefficient in the wage change regression, we can estimate:

(98) stz_[ t ,{d+no) [1—(1+n6)t]},
t+1 mno (t+1)

_q| L (1+no) [1-(1+no)']

(99) B —nLH o D }

Equations (98) and (99) indicate that the permanent supply shock modd yieldsinsghts
gmilar to those obtained in the one-time modd. In particular, the wage change regression will
estimate the factor price dadticity h only at the very beginning of the immigrant supply shock
(whent = 0). Ast grows larger, the coefficient in the migration regresson convergesto —1,
while that of the wage change regression convergesto zero. Findly, the manipulation of
equations (98) and (99) revedsthat h = b,/(1 + d,), so that we can still recover the true factor
price dadticity from the spatid corrdation by blowing up the estimated wage effect—as long as
we do not wait too long into the immigration period.

Few empiricd studies actudly conduct the “ before-and-after” regresson analysis
suggested by equations (98) and (99). The higtorica data are usudly hard to obtain, particularly
if the immigrant supply shock has been in motion for some decades. Instead, most empirica
dudies attempt to estimate the parameters of interest by firg-differencing the data, so thet dl the
observations come from the post-migration period. The firg-difference models are given by:

(100) V, -V, =[1- (1+n0) Im - [1- (1+n0c)'Im,,

J

(101) logw, —logw, ,_, =n[1-(1+no) |m+n(Ll+nc) m,,

where the independent variables are defined to be the per-period immigrant supply shock.
Asbefore, let d; =1 — (1 + hs)*1], the coefficient of my, in the firg-diifference native
migration equation; and b, = h(1 + hs)t, the respective coefficient in the firs-difference wage
equation.”2 Both of these coefficients are negative o that firgt-difference regressons should
have the “right” Sgn even when dl of the data are observed while the immigrant supply shock is

72 | nterestingly, these coefficients are similar to those obtained in the before-and-after regression in the
one-period supply shock model [see equations (87) and (88)].
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under way. Neither of these coefficients, however, estimates a parameter of interest. Moreover,
d, approaches minus one and b, approacheszero ast ® ¥. Asaresult, some local labor markets
could be the recipients of very large and permanent supply shocks, but spatia correlations will

not reved the impact of these flows on the wage structure if the firg-difference regresson is
estimated some time after the immigrant supply shock began. Findly, the definitions of d, and b,
indicate that the factor price dadticity is estimated by blowing up the coefficient from the wage
regresson, sothath =b/(1+d).

5.4. Immigration and Native Internal Migration

The empiricd studies that measure spatid corrdations typicaly ignore the fact that
identification of the labor market effects of immigration requires the joint anadlyss of labor
market outcomes and the native response to the immigrant supply shock. The few studies that
specificaly attempt to determineif native migration decisgons are corrdated with immigration
have yieded a confusing set of results. Filer (1992) finds that metropolitan areas where
immigrants cluster had lower rates of native in-migration and higher rates of netive out-
migration in the 1970s, and Frey (1995) and Frey and Liaw (1996) find a strong negative
correaion between immigration and the net migration rates of nativesin the 1990 Census. In
contrast, White and Liang (1993) and Wright, Ellis and Reibel (1997) report a positive
correlaion between the in-migration rates of natives to particular cities and immigration flowsin
the 1980s.

Recent work by Borjas, Freeman, and Katz (1997) and Card (1997) provide the first
attemptsto jointly analyze labor market outcomes and native migration decisons. In view of the
disagreement in earlier research, it should not be too surprising that these two studies reach very
different conclusions. Card reports a dight positive correlation between the 1985-90 rate of
growth in native population and the immigrant supply shock by metropolitan area, while Borjas,
Freeman, and Katz (1997) report a strong negative correlation between native net migration in
1970-90 and immigration by states. The two studies provide a stark example of how different
conceptua gpproaches to the question can lead to very different answers.

Perhaps the clearest evidence of a potential rdation between immigration and native
migration decisonsin the United Statesis summarized in Table 7.73 Divide the country into
three “regions’: Cdifornia, the other five dates that receive large numbers of immigrants (New
York, Texas, Florida, New Jersey, and lllinois), and the remainder of the country. Table 7
reports the proportion of the total population, of natives, and of immigrants living in these areas
from 1950 to 1990. The modern-eraimmigrant supply shock in the United States began around
1970 and has continued since. It seems natural to contrast pre-1970 changesin the residentia
location of the native population with post- 1970 changes to assess the effects of immigration on
native location decisons.

The datareved that the share of natives who lived in the mgor immigrant recaeiving Sate,
Cdifornia, was rising rapidly prior to 1970. Since 1970, however, the share of nativesliving in
Cdifornia has bardly changed. However, Cdifornia s share of the total population kept rising
from 10.2 percent in 1970 to 12.4 percent in 1990. Put differently, an extrapolation of the
demographic trends that existed before 1970—before the immigrant supply shock—would have

73 This section is based on the discussion by Borjas, Freeman, and Katz (1997).
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predicted the tate’ s 1990 share of the totd population quite well.”4 This result resembles Card's
(1991, p. 255) conclusion about the long-run impact of the Mariel flow on Miami’s population.
Card estimates that Miami’ s population grew at an annud rate of 2.5 percent in the 1970s, as
compared to a growth rate of 3.9 percent for therest of Florida. After the Mariel low, Miami’s
annua growth rate dowed to 1.4 percent, as compared to 3.4 percent in therest of Florida. Asa
result, the actua population of Dade county in 1986 was roughly the same as the pre-Marid
projection made by the University of Florida.

The finding that the rate of total population growth in areas affected by immigrant supply
shocks seems to be independent of immigration may have profound implications for the
interpretation of spatia correlations between native economic outcomes and immigration. In
particular, the immigrants who chose a particular area astheir destination “displaced” the native
net migration that would have occurred, and this native feedback effect diffused the economic
impact of immigration from that areato the rest of the country.

To determine the formd relationship between native migration and immigration, define

LONO-NO

(102) Anj(t,t)——Lj(t) S (t'—t),
M (t)= M (t

(103) Am,(t,t) = J(L)‘(t) ’()+(t’—t),

where N;(t) gives the number of nativesliving in areaj a timet; M;(t) gives the number of
immigrants; and L;(t) = N;(t) + M(t). The variable Dn(t, t9 givesthe (anudized) rate of native
population growth in areaj between yearst and t¢relative to the initia population of the areg;
and Dmy(t, t9 gives the annualized contribution of immigrants to population in the area, again
relative to theinitid population inthe area. Card (1997) and Borjas, Freeman, and Katz (1997)
suggest the regresson modd:

(104) Dni(t, t9 = a+d" Dmy(t, tg +¢.

The coefficient d* measures the impact of an additiond immigrant arriving inregion j inthetime
interva (t, t9 on the change in the number of natives living in that region. The coefficient d*,
therefore, isthe empirica counterpart of the parameter d in the modd presented in the previous
Sections.

Table 8 reports the estimates of equation (104) using U.S. states as the geographic unit.
The table summarizes the substantive content of the evidence reported in the Borjas- Freeman
Kaz (from which Table 8 is drawn) aswell as, to some extent, in the Card sudy. Thefirgt
column reports that the coefficient d* is pogtive and sgnificant over the 1970-90 period. This
positive correlaion between immigration and native net migration is aso reported in the Card
sudy, which uses adifferent empirica specification: the period under andysisis 1985-90, the

74 Borjas, Freeman, and Katz (1997, Figure 4) show that the data point for California (and, in fact, for all
the other major immigrant-receiving states) lies close to the regression line linking the 1970-90 population growth
rate to the 1950-70 rate.
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geographic region is the metropolitan area, and the analyd's distinguishes among skill groups.
Despite the differences between the two studies, the conclusion is Smilar—the same areas tend
to attract both immigrants and natives.

The positive corrdation seemsto imply that natives do not respond to immigration or that
perhaps natives even respond by moving to areas penetrated by immigrants. Borjas, Freeman,
and Katz argue that the regression specification in (104) misses an important part of the sory. In
particular, it compares native populaion growth among sates with different levels of
immigration between 1970 and 1990, rather than native population growth in a Sate before and
after theimmigrant supply shock. In other words, the regresson modd implicitly assumes that
each state would have had the same rate of native population growth in the absence of
immigration. But if each sate had its own growth path prior to immigration and that growth path
would have continued absent immigration, the regresson might give a mideeding inference
about immigration’s effects. Borjas, Freeman, and Katz thus propose the * double- difference”
modd:

(105) Dn(t, t9 - Dni(to, t,) = @ + & [Dmi(t, t9 - Dm(to, )] +V,,

where theti me intervd (t,, t;) occursin the period prior to the immigrant supply shock, and the

coefficient & measures the impact of an increase in the number of immigrants on the number of
natives—relative to the “ pre-exiting conditions’ in the date.

The second column of Table 8 reports the coefficient from the doubl e- difference mode
using the state’ s population growth from 1960 to 1970 to measure the pre-exigting trend. The

estimated & isnot Sgnificantly different from —1, suggesting consderable displacement.
Findly, the third column of the table re-estimates the double- difference modd using the Sate's
growth rate between 1950 and 1970 to control for pre-exising conditions. Thisregresson yieds

an even more negative coefficient. Because the estimated o is near (or below) —1, the mode
presented in the previous sectionsimplies that it isimpossible to blow up the spatia correaions
and calculate the “true’ factor price dadticity.

Table 8 shows that whether one finds a negative or a positive impact of immigration on
native net migration depends on the counterfactua posed by a particular regresson modd. The
angle-difference regresson modd in equation (104) ignores vauable information provided by
the state’ s demographic trends prior to the immigrant supply shock and assumesthet al dateslie
on the same growth path in the post-migration period. The double- difference regresson model
in equation (105) accounts for the pre-exiging trends and assumes that the trends would have
continued in the absence of immigration. The pecification of aclear counterfactud is crucid in
measuring and understanding the link between immigration, native migration decisons, and the
impact of immigrants on the wage structure.

Although the data suggest thet the total population growth in a Sate is independent of
immigration, the migration response of natives would completely diffuse the effect of
immigration only if the native flows of particular skill groups counterbaanced the immigrant
influx and left unchanged the rdative factor proportions within a state. The evidence on this
issue, however, isinconclusive. Borjas, Freeman, and Katz (1997, Table 10), for instance, report
that factor proportions were converging across states even before the immigrant supply shock
began circa 1970. Asaresult, the 9gn of the correlation between native migration flowsin
particular skill groups and the corresponding immigrant supply shock depends not only on
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whether the counterfactua specifies a before-and-after comparison, but also on whether the
model controls for the pre-immigration convergence trends.

Findly, dl of the empiricd dudiesin the literature fail to take into account the possibility
that the response to immigration includes the movement of capitd flows to regions affected by
immigrant supply shocks. As aresult, the joint analyss of native migration decisions and labor
market outcomes may not solve the problems with the spatial correlation gpproach.

5.5. The Factor Proportions Approach

Because the native response to immigration implies that spatia correlations may not
estimate the impact of immigration on the labor market, Borjas, Freeman, and Katz (1992) proposed
an dternative methodology. The “factor proportions approach” compares a nation’s actud supplies
of workersin particdar skill groups to those it would had had in the absence of immigration, and
then uses outsde information on the eadticity of subgtitution among skill groups to compute the
relative wage consequences of the supply shock.”s

Suppose the aggregate technology in the host country can be described by alinear
homogeneous CES production function with two inputs, skilled labor (L) and unskilled labor (L,,):

(106) Q=AloLl+1-o) L.
The dadticity of subgtitution between skilled and unskilled workersisgivenby s = 1/(1—r).
Suppose further that relative wages are determined by the intersection of an inelastic relative labor

supply function with the downward-doping relative labor demand function derived from the CES.
Rdative wagesin year t are then given by:

(107) log (W, / W) =D, ——log(Ly / L),
(¢}

where D, is ardative demand shifter.

The aggregate supply of kill groupj & timet is composed of native workers (N;jt) and
immigrant workers (M;y):
(108) I—Jt = N]t + th = th (1 + mjt),

where m; = M;/N;;. Equation (107) can be rewritten as::

(109) l0g (W, / W)= D, ~—10g (N, / N, ~=[log(L+m,) ~log(1+m,)].

Animmigrant supply shock inthe (t, td timeinterva changes the reative number of immigrants
by Dlog(1 + my) for skill group j. The predicted impact of theimmigrant supply shock on the
relative wage of skilled and unskilled workers equas:

75 Related applications of the factor proportions approach include Freeman (1977), Johnson (1970), and
Welch (1969, 1979).
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o) Alog(w, /w,)=-—[Alog(L+m,)-AlogL+m,)]

The cdculation implied by (110) requires: (a) the aggregation of heterogeneous workers into two
skill groups, (b) the assumption that natives and immigrants within each skill group are perfect
subdtitutes; (c) information on the change in the rdative number of immigrants for each kill group;
and (d) an estimate of the relative wage dadticity (- 1/s).

The factor proportions literature often assumes that workers with the same educationa
attainment are perfect subgtitutes.”6 Table 9 summarizes the results from the most recent application
of this approach by Borjas, Freeman, and Katz (1997), using two dternative classfications of kill
groups. Inthefirgt, workers who are high school dropouts are defined to be “unskilled,” and all
other workers are defined to be “ skilled.” In the second, the skill groups are defined in terms of
high school equivaents versus college equivaents. To isolate the |abor market effects of post-1979
immigration, the smulation normalizes the data o that al persons present in the United States as of
1979 are congdered “ natives” The immigrant supply shock that occurred between 1980 and 1995
increased relative supplies by 20.7 percentage points for high school dropouts, and by 4.1
percentage points for workers with at least a high school education. The change in the log gap
defined by the bracketed term in (110) is.149. Borjas, Freeman, and Katz (1992) estimate the
relative wage dadticity for these two groupsto be —322. Equation (110) then implies thet the
immigration-induced change in the rdative supply of high school dropouts reduced their relative
wage by 4.8 percentage points, or about 44 percent of the total decline in the relative wage of high
school dropouts between 1980 and 1995.

Table 9 dso shows, however, that immigration has amuch smaller impact if we usean
dternative kill aggregation. The post-1979 immigrants increased the relaive supply of high-school
equivaents by only 1.3 percentage points. Katz and Murphy (1992) estimate that the relative wage
eadicity for these two groupsis—709. Theimmigrant supply shock then lowered the college/high
school wage differentia by about .9 percentage points, about 5 percent of the actua declinein this
wage gap.

In an important sense, the factor proportions gpproach is unsatisfactory. 1t departs from the
tradition of decades of research in labor economics that attempts to estimate the impact of a
particular shock on the labor market by directly observing how this shock affects some workers and
not others. The factor proportions gpproach does not estimate the impact of immigration on the
wage structure; rather, it ssmulates the impact. For agiven dadticity of subgtitution, the factor
proportions approach mechanically predicts the relative wage consequences of a supply shock. Itis
not surprising that the gpproach has been criticized for relying on theoretica modelsto caculate
the effect of immigration on native outcomes [Card (1997, p. 2), DiNardo (1997, p. 75)].

On the one hand, the criticism isvaid. The factor proportions approach certainly relieson a
theoretical framework. 1f the modd of the labor market underlying the calculations or the estimate
of the rlative wage dadticity isincorrect, the estimated impact of immigration isaso incorrect. On
the other hand, agreat deal of empirical research shows that relative supplies do affect rlative
prices.”” Moreover, the spatid correlations estimated over the past fifteen years have failed to

76 Jaeger (1996) presents evidence that immigrant and native workers within broadly defined education
groups may be near-perfect substitutes.

77 See, for example, Katz and Murphy (1992) and Murphy and Welch (1992).
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reved with any degree of precison the impact that immigration has on the wage sructure. Findly,
athough the factor proportions approach relies on theory, so must any applied economic andysis
that wishes to do more than smply caculate corrdations. In the end, any interpretation of
economic data—and particularly any use of these datato predict the outcomes of shiftsin
immigration policy—requires a“ story”. The factor proportions gpproach tells a very specific story
of the economy and relies on that story to estimate the impact of immigration on the wage structure,

6. Conclusion

Our undergtanding of the labor market effects of immigration grew sgnificantly in the
past two decades. In view of the potentid policy implications of this research and the emotiond
questions that immigration raises in many countries, it isinevitable that these advances have
been marked by heated and sometimes contentious debate over a number of conceptua and
methodological issues. Nevertheless, we now have a better gragp on a number of centra
guestions:. Which types of persons choose to emigrate? What is the relative importance of aging
and cohort effects in determining how the skills of immigrant compare to those of netivesin the
host country? Which segments of the population in the host country benefit or lose from
immigration, and how large are these gains and |osses?

It isworth noting that our increased understanding of these issues resulted from both
theoretical and empirical developments. The joint gpplication of economic theory and
econometric methods to andyze the many questions raised by immigration has been a didinctive
feature of recent research in thisfield, and is mainly responsible for the research advances.

It should not be surprising that in a subject as far-reaching asimmigration, there remain
many outstanding questions. For example, the economic literature has not devoted sufficient
atention to the public finance implications of immigration for the host country. Although many
“accounting exercises’ in the United States purport to compare the taxes paid by immigrants to
the expendituresincurred by governmentsin the receiving aress, these exercises tend to be
purely mechanica and use few indgghts from the public finance literature. In fact, the link
between immigration and the wedlfare state in many host countries not only raises questions about
the tax burden that immigrants might impose on nétives, but also about whether the welfare Sate
dters the incentives to migrate and stay in ahost country in the first place.

The immigration literature has a'so downplayed the link between immigration and
foreign trade. Economic models suggest that immigration and trade ater nationd output in the
host country by increasing the country’s supply of relatively scarce factors of production. Asa
result, the economic incentives that motivate particular types of workers to migrate to a host
country motivate those same workers to produce goods that can be exported to that host country.
In the presence of free trade, much of the labor market impact of immigration on the host country
would have been observed even in the absence of immigration. A key distinction between
immigration and trade, however, isthat natives can escape some of the competition from abroad
by working in the non-traded sector. Immigrants, however, can move between the traded and
nonttraded sectors, and natives cannot escape competition from immigrant workers.

The immigration literature has not exploited the fact that different host countries pursue
very different immigration policies (and that each country’s policy can vary sgnificantly over
time). Theeinternaiond differencesin immigration policy can be used to evduate how
particular policy parameters influence the labor market impact of immigration on the host
country, and may grestly increase our understanding of how immigration aters economic
opportunities.
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Perhaps the most important topic that has yet to be addressed by the immigration
literature concerns the economic impact of immigration on the source country. A relatively large
fraction of the population of some source countries has moved esawhere. Moreover, this
emigrant population is not randomly sdlected, but is composed of workers who have particular
sets of skillsand attributes. What is the impact of this selective migration on the economic
opportunities of those who remain behind? And what is the nature and impact of the economic
links that exist between the immigrants in the host country and the remaining populaion in the
source country?

The resurgence of large-scale migration across internationa boundaries ensures that
research in the economics of immigration will continue. The impact of the Szable immigrant
flowsthat have already entered many host countries will likely reverberate throughout the host
country’ s economic markets (and socia structures) for many decadesto come. Asaresult, itis
unlikely that our interest in the issues raised by the economics of immigration will diminishin
the future.
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FIGURE 1

THE IMMIGRATION SURPLUSIN A MODEL
WITH HOMOGENEOUS LABOR AND FIXED CAPITAL
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Figure 2. Wage Growth by State, 1980-90 and 1970-80
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Figure 3. Immigrant Supply Shocks by State,
1980-90 and 1970-80
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TABLE 1. SMULATION OF ECONOMIC COSTS AND BENEFITS FROM
IMMIGRATION FOR THE UNITED STATES

Definition of kill groups

High school dropouts and High school equivalents
high school graduates and college equivalents
Price of Price of

Capitd fixed capitd fixed  Capital fixed capitd fixed

Assume: (ess, eyy) = (-.3,-.5)

Percent change in earnings of capita 2.44 3.71

Percent change in earnings of skilled -91 20 -151 .36
workers

Percent change in earnings of unskilled -.28 -1.21 -1.34 -.37
workers

Percent change in GDP accruing to A2 .08 A1 .01
netives

Dallar gain to nativesin hillions, 9.76 6.65 8.94 91

asauming $8 trillion GDP

Assume (egs, eyy) = (-6, -.9)

Percent change in earnings of capita 6.43 7.55

Percent change in earnings of skilled -2.29 46 -2.94 .65
workers

Percent change in earnings of unskilled -3.72 -4.27 -2.89 -.69
workers

Percent change in GDP accruing to 27 14 22 .02
natives

Dallar gain to nativesin hillions, 24.15 10.81 17.88 1.28

asauming $8 trillion GDP

Asume (ess, eyy) = (-.8, -1.5)

Percent change in earnings of capita 11.83 11.70

Percent change in earnings of skilled -4.36 .61 -5.08 .92
workers

Percent change in earnings of unskilled -6.01 -6.12 -3.92 -.98
workers

Percent change in GDP accruing to 43 A7 .33 .02
netives

Dallar gain to nativesin hillions, 32.43 13.33 26.80 1.62

assuming $8 trillion GDP

Notes. Adapted from Borjas, Freeman, and Katz (1997, Table 19). All simulations assume that eg; = .05; that

labor’ s share of incomeis.7; and that the immigrant supply shock increases labor supply in the United States by 10
percent. The valuesfor the other parameters are as follows. High school dropout-graduate skill grouping: pg= .91,
b =.68,ag= .661;ay =.039. High school-college equivalent: pg=.43,b=.33,a5=.371, a =.329.



RELATIVE WAGE OF IMMIGRANT MEN IN THE UNITED STATES, 1960-90

Group
All immigrants

Newly arrived
Immigrants

1955-60 arivas
25-34in 1960

35-44in 1960
45-54in 1960

1965-70 arrivas
15-24in 1970

25-34in 1970
35-44in 1970
45-54in 1970

1975-80 arrivas
25-34in 1980

35-44in 1980

45-541n 1980

60

TABLE 2

Unadjusted relative wage Adjusted relative wage
1960 1970 1980 1990 1960 1970 1980 1990
041 -001 -.097 -.163 013 -.017 -.071 -.100
(.005) (.005) (.004) (.003) (.004) (.004) (.003) (.003)
-139 -.188 -.328 -.380 -162 -.198 -241 -.269
(.014) (011 (.008) (.007) (.013) (.010) (.008) (.006)
-.09%4 .062 -.128 .049
(.019) (.019) (.018) (.018)
-.140 -.010 -181 -.012
(.025) (.027) (.023) (.025)
-172  -.056 -.218 -.097
(.036) (.039) (.033) (.036)
-.047 -.067 .023 .032
(.015) (.016) (.015) (.015)
-139 -.061 -.022 -173  -.046 -.014
(.014) (.015) (.016) (.014) (.014) (.015)
-170 -.159 -.087 -190 -.121 -.052
(.019) (.021) (.026) (.017) (.020) (.024)
-.248  -.247 -220 -.1%
(.029) (.034) (.026) (.032
-244  -.164 -.200 -.087
(.010) (.011) (.010) (.011)
-295 -271 -285 -.213
(.016) (.019) (.016) (.017)
-353  -.302 -.337  -.277
(.026) (.033) (.016) (.031)

Notes. Standard errors are reported in parentheses. The adjusted relative wage is obtained from aregression that

includes afourth-order polynomial in age, avector of dummy variables indicating the worker’ s educational

attainment, and avector of dummy variables indicating the region of residence. The statistics are calculated in the
sample of men aged 25-64 (unless otherwise indicated), who work in the civilian sector, who are not self-employed,
and who do not reside in group quarters.
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TABLE 3

IMMIGRANT PLACEMENT IN THE U.S. NATIVE WAGE DISTRIBUTION, BY DECILE

Dedile of Native Unadjusted Digtribution Adjusted Distribution
Didribution 1960 1970 1980 1990 1960 1970 1980 1990
All Immigrants

1 7.7 11.2 154 18.3 99 12.1 14.3 15.1
2 9.7 10.3 131 14.6 9.9 10.6 12.8 134
3 123 104 11.3 10.6 9.9 9.9 11.2 114
4 9.2 10.0 9.6 95 9.7 94 9.6 9.7
5 10.8 9.2 8.7 8.9 94 8.6 8.9 8.9
6 9.6 105 84 7.5 9.9 9.7 8.3 8.2
7 9.7 8.0 7.2 6.5 10.5 95 8.2 79
8 9.7 9.5 7.6 7.0 99 94 8.1 7.8
9 10.6 10.0 8.1 8.1 10.0 10.0 8.2 79
10 10.9 110 10.5 8.9 10.8 10.7 104 9.7
Newly Arrived Immigrants

1 14.6 198 26.9 30.0 185 22.3 235 24.5
2 139 15.8 18.1 18.9 12.6 14.5 171 175
3 15.6 11.6 13.1 10.8 12.7 11.0 12.2 12.2
4 8.9 9.3 8.7 8.4 8.8 8.9 9.1 9.1
5 8.7 7.3 6.7 6.9 85 7.2 74 7.1
6 7.3 7.5 55 4.7 8.1 79 5.7 59
7 7.2 5.6 4.3 4.0 7.3 6.9 53 54
8 7.8 6.9 4.3 4.2 8.0 6.2 51 51
9 7.1 7.7 4.2 5.0 6.9 6.7 5.2 4.9
10 8.8 8.6 8.2 7.0 8.6 8.4 9.2 8.4

Notes: The adjusted distributions are obtained from aregression that includes a fourth-order polynomial in age, a

vector of dummy variablesindicating the worker’ s educational attainment, and a vector of dummy variables

indicating the region of residence. The statistics are calculated in the sample of men aged 25-64 who work in the

civilian sector, who are not self-employed, and who do not reside in group quarters.
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TABLE 4

LOG WAGE REGRESSIONS ESTIMATING AGING AND COHORT EFFECTS
IN THE UNITED STATES

Variable
Intercept

Age at time of survey

Age squared

Age cubed” 104

Educational attainment at time of survey
Y ears since migration at time of survey
Y ears since migration squared

Y ears since migration cubed” 1074

Cohort effects; relative to 1985-89 arrivas
Arrived in 1980-85

Arrived in 1975-79
Arrived in 1970-74
Arrived in 1965-69
Arrived in 1960-64
Arrived in 1950-59
Arrived prior to 1950

Period effects: relative to 1990 observation
Observation drawn from 1970 Census

Observation drawn from 1980 Census

Estimated assimilation over first 10 years
Using a*
Using a

Egtimated assimilation over first 20 years
Using a*
Using a

Model
@ 2
Native Immiarant Native Immiarant
-0.624 -0.971 -1.222 -1.057
(0.057) (0.062) (0.054) (0.059)
0.118 0.129 0.04 0.088
(0.004) (0.005) (0.004) (0.004)
-0.002 -0.002 -0.002 -0.002
(0.000) (0.000) (0.000) (0.000)
0.104 0.145 0.074 0.086
(0.008) (0.008) (0.007) (0.008)
0.060 0.047
(0.000) (0.000)
0.011 0.019
(0.001) (0.001)
0.000 0.000
(0.000) (0.000)
0.004 0.032
(0.004) (0.004)
0.000 0.004
(0.005) (0.005)
0.061 0.059
(0.005) (0.005)
0.097 0.095
(0.007) (0.007)
0.153 0.113
(0.008) (0.008)
0.202 0.137
(0.010) (0.010)
0.235 0.160
(0.012) (0.012)
0.235 0.146
(0.016) (0.017)
0.007 0.007 0.025 0.025
(0.008) (0.008) (0.011) (0.012)
0.048 0.048 -0.001 -0.001
(0.006) (0.006) (0.008) (0.008)
.060 076
.099 149
076 .100
175 235

Notes: Adapted from Borjas (1995a, Table 5). Standard errors are reported in parentheses. The regressions are
estimated in the sample of men aged 25-64 (unless otherwise indicated), who work in the civilian sector, who are not
self-employed, and who do not reside in group quarters, and use the 1970, 1980, and 1990 Census cross-sections.
Model (2) also includes adummy variable indicating if the worker livesin a metropolitan area.
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TABLES

CONVERGENCE REGRESSIONS IN THE UNITED STATES

Dependent varidble: rate of wage growth in first
10 yearsin the United States

Independent variable [€D) (2 3 4
Log wage at time of entry .049 -.428 -.711 -.824
(.121) (.074) (.067) (.065)

Average years of schooling at time of entry --- .050 --- .045
(.006) (.007)
Fixed effects for country of origin No No Yes Yes
R2 301 .648 .820 .840

Notes: Standard errorsreported in parentheses. The regressions are estimated in the sample of men aged 25-64,
who work in the civilian sector, who are not self-employed, and who do not reside in group quarters. The unit of
observation isan immigrant cohort, defined in terms of country of origin, age-at-arrival, and calendar year-of-
arrival. The cohortsincluded in the regression arrived either between 1965-70 or between 1975-80. All regressions
also include avector of fixed effects indexing a particular age-at-arrival/calendar-year-of-arrival group. The
regressions have 414 observations. See Borjas (1997) for details.
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TABLE 6

SUMMARY OF RESULTS FROM SPATIAL CORRELATIONS APPROACH

Men Women
Dependent Variable/Group: 1960-70 1970-80 1980-90 1960-70 1970-80 1980-90
State data, OLS:
Log weekly earnings 0.59 0.07 -0.10 0.20 0.37 -0.02
(0.11) (0.08) (0.06) (0.22) (0.19) (0.04)
Employment probability -0.06 0.08 -0.03 0.19 011 0.01

(0.03) (0.05) (0.0 (0.05) (0.09) (0.01)
Metropolitan area data, OLS:
Y ears of schooling < 12

Log weekly earnings -0.09 0.69 -0.77 0.73
(0.29) (032 (0.40) (0.26)
Labor force participation rate -0.02 -0.21 0.13 -0.42
(0.10) (0.10 (0.15) (0.120)

Y ears of schooling = 12
Log weekly earnings -0.32 0.27 0.13 0.86
(0.23) (0.28) (0.25) (0.23)
Labor force participation rate 0.01 -0.12 0.27 -0.21
(0.08) (0.06) (0.112) (0.07)

Y ears of schooling > 12
Log weekly earnings 0.03 0.45 0.04 0.83
(0.25) (0.15) (0.29) (0.17)
Labor force participation rate -0.08 -0.05 0.30 -0.22
(0.07) (0.04) (0.14) (0.07)

Metropolitan area data, 1V:
Y ears of schooling < 12

Log weekly earnings -1.05 112 -2.72 1.20
(0.42) (0.36) (0.63) (0.32)
Labor force participation rate -0.37 -0.23 -0.27 -0.43
(0.16) (0.11) (0.22) (0.12)

Y ears of schooling = 12
Log weekly earnings -0.96 101 -0.55 1.20
(0.32) (0.35) (0.35) (0.27)
Labor force participation rate 0.08 -0.20 0.50 -0.25
(0.09) (0.07) (0.15) (0.08)

Y ears of schooling > 12
Log weekly earnings -0.76 0.72 -0.39 1.05
(0.29) (0.18) (0.38) (0.20)
Labor force participation rate -0.11 0.00 0.17 -0.26
(0.12) (0.10 (0.17) (0.08)

Notes: Standard errors arereported in parentheses. The regression coefficients from the state data are drawn from
Borjas, Freeman, and Katz (1997, Table 7), and the regression coefficients from the metropolitan area data are
drawn from Schoeni (1997, Tables 1, 2, 3). The IV procedure instruments the immigrant supply shock with a
second-order polynomial in the fraction of the work force that is foreign-born at the beginning of the period.



65

TABLE7

REGIONAL DISTRIBUTION OF ADULT-AGE U.S. POPULATION, 1950-90

Percent of Totad U.S. Population Living in:

Cdifornia Other Immigrant States Rest of Country
1950 7.2 26.9 65.9
1960 8.9 27.3 63.7
1970 10.2 27.1 62.7
1980 10.9 26.7 62.4
1990 124 27.0 60.7

Percent of Native U.S. Population Living in:

Cdifornia Other Immigrant States Rest of Country
1950 6.9 25.4 67.7
1960 8.6 26.2 65.2
1970 9.6 26.2 64.2
1980 9.7 25.6 64.8
1990 10.0 25.5 64.4

Percent of Foreign-Born U.S. Population Living in:

Cdifornia Other Immigrant States Rest of Country
1950 104 44.4 45.2
1960 14.6 449 40.6
1970 20.1 43.8 36.0
1980 27.2 41.9 30.9
1990 33.8 40.0 26.1

Source: Borjas, Freeman, and Katz (1997, Table 8). The calculations use the 1950-90 U.S. Censuses. The adult-
age population contains all persons aged 18-64 who are not living in group quarters.
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TABLES8

REGRESSION COEFFICIENTS ESTIMATING THE RESPONSE OF CHANGE IN NATIVE
POPULATION TO IMMIGRANT SUPPLY SHOCKSIN THE UNITED STATES, BY STATE

Double- Difference Regressons

Firg-Difference Regression,

1970-90 1970-90 relative to 1960-70  1970-90 relative to 1950-70
777 -.756 -1.673
(.311) (.278) (.285)

Source: Borjas, Freeman, and Katz (1997, Table 8). Standard errorsreported in parentheses. The regressions have
51 observations (one for each state plus the District of Columbia), except for the regression in the last column,
which omits Alaska and Hawaii and has 49 observations.
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TABLE9

THE IMPACT OF IMMIGRATION ON THE UNITED STATES

USING THE FACTOR PROPORTIONS APPROACH

Definition of Skill Groups

Rdative number of post-1979 unskilled
immigrantsin 1995 (m; = M/N,,,)

Reative number of post-1979 illed
immigrantsin 1995 (my = My/Nyg)

Log changein rdative supplies
=log(1 + my) —log(1 + m,y)

Edtimate of relative wage eadticity

Changein log relative wage attributable
to post-1979 immigration

Actud changein log rdaive wage
between 1980-95

Source: Borjas, Freeman, and Katz (1997, Tables 14, 18).

High school
High school dropouts and equivaents and
high school graduates college equivaents
207 .056
041 043
-.149 -.013
-.322 -.709
048 .009
109 191



