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Abstract

The standard empirical analysis of immigration, based on a simple labor demand and labor supply

framework, has emphasized the negative impact of foreign born workers on the average wage of U.S.-born

workers (particularly of those without a high school degree). A precise assessment of the average and

relative effects of immigrants on U.S. wages, however, needs to consider labor as a differentiated input in

production. Workers of different educational and experience levels are employed in different occupations and

are therefore imperfectly substitutable. When taking this approach, one realizes that foreign-born workers

are “complements” of U.S.-born workers in two ways. First, foreign-born residents are relatively abundant in

the educational groups in which natives are scarce. Second, their choice of occupations for given education

and experience attainments is quite different from that of natives. This implies that U.S.- and foreign-born

workers with similar education and experience levels are imperfectly substitutable. Accounting carefully for

these complementarities and for the adjustment of physical capital induced by immigration, the conventional

finding of immigration’s impact on native wages is turned on its head: overall immigration over the 1980-

2000 period significantly increased the average wages of U.S.-born workers (by around 2%). Considering its

distribution across workers, such an effect was positive for the wage of all native workers with at least a high

school degree (88% of the labor force in year 2000), while it was null to moderately negative for the wages

of natives without a high school degree.
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1 Introduction

During the last three decades the United States has experienced a remarkable surge in immigration. As docu-

mented in Table 1, the share of foreign-born workers in total employment has steadily grown from 2.6% in 1970

to 13.2% in 2003.1 Parallel to this surge, the debate about the economic effect of immigrants on U.S. natives

has gained momentum both inside and outside of academia. Spurring the debate, a large body of empirical

work focused on the effect of immigrants on the wages of natives has provided a mixed set of results. Ten

years ago an influential survey by Friedberg and Hunt (1995) summarized the literature concluding that, “the

effect of immigration on the labor market outcomes of natives is small.” Since then, a number of studies have

re-examined the issue refining the estimates by accounting for important problems related to the endogeneity

of immigrant inflow and the internal migration of U.S. workers. However, even with more accurate and sophis-

ticated estimates at hand, a consensus has yet to be reached as some economists identify only small effects of

immigration (Card, 2001) while others find large negative effects (Borjas, Friedman and Katz, 1997).2 This

negative view has been recently supported by an influential work (Borjas, 2003), based on updated national

data from five decennial U.S. censuses (1960-2000) and a convincing empirical approach. The work argues that

due to immigration over the period 1980-2000, U.S. workers lost, on average, about 3% of the real value of their

wages; the loss reaches almost 9% for native workers without a high school degree (Borjas, 2003, Table IX, page

1369).

Our paper takes a fresh look at the overall issue. The key idea is that the aggregate effects of immigration

should be measured within a general equilibrium framework. This has two main implications that cast a shadow

of doubt on the aggregate relevance of most existing studies. First, while acknowledging that in principle

“[im]migrants may complement some native factors in production... and overall welfare may rise” (Friedberg

and Hunt, 1995, page 23), most studies thus far have only focused on the partial effects of immigrants on the

wages of those native workers who are their closest substitutes (i.e. within the same occupation, education-

experience or skill groups). By modeling labor as a differentiated input in general equilibrium, we enlarge the

picture to better capture the effects of immigration within and between different groups. This is important since,

in the presence of differentiated labor, the inflow of immigrants belonging to a certain group can be expected to

have asymmetric impacts on the wages of different native groups: a negative impact on groups with substitutable

characteristics and a positive effect on groups with complementary characteristics. An accurate measurement

of the overall effect of immigration on native wages should, therefore, account for both the distribution of

immigrants across groups and their substitutability with native workers between (and within) groups. In

1While remarkable, such rapid increases are not unprecedented for the U.S. Large inflows from Europe during the period 1880-
1910 brought the percentage of foreign-born very close to 15% in the year 1910, and previous episodes of very intense immigration
(e.g. 1.5 million Irish immigrants between 1845 and 1854, in the wake of a great famine) caused similar surges.

2We are aware of only one paper, Friedberg (2001), that finds a positive partial effect of immigration on native wages. In most
cases, however, that effect is not significant.
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particular, after controlling for occupation, education-experience or skill, the usual assumption that foreign-

and U.S.-born workers are perfect substitutes seems intuitively questionable and unnecessary. After all, a

Chinese cook, an Italian tailor, a French hair-dresser, a Belgian baker or a Brazilian guitarist produce services

that are differentiated from those of their U.S.-native counterparts in their style, taste, quality, and design, just

as the talent of Indian-born engineers or German-born physicists may be complementary to (and hard to replace

by) those of natives. Be it because immigrants are a selected and generally talented group, or because they have

some culture-specific skills, or because they differ in their preferences so that they tend to choose a different

set of occupations (as we document below), it seems reasonable to allow them to be imperfect substitutes for

natives even within an education-experience group and to let the data estimate the corresponding elasticities of

substitution.

The second implication of our general equilibrium approach is a more careful consideration of the role

of physical capital. As physical capital complements labor, it is important to account for its response to

immigration, especially when evaluating the impact of immigration on wages in the long run (i.e. over one or

more decades). Specifically, we assume that physical capital, rather than being given (as routinely assumed by

the existing literature), accumulates endogenously instead. Hence, capital responds such that its rate of return

is held constant. This assumption is easily derived from any standard long-run open or closed economy model.

As we will see, it is also supported by the evidence showing that the behavior of the real return to capital

over the period 1960-2000 contrasts starkly with both the assumption of a constant capital stock during each

decade of observation and even the hypothesis that physical capital adjusts slowly to immigration. Rather, it

is consistent with fast adjustment of the capital stock and constant long-run returns.

The outcome is a modeling strategy that, building on Borjas (2003), delivers a richer (though still parsimo-

nious) framework based on an aggregate production function that combines many different types of labor with

physical capital. From such a function we derive the demand for each type of labor, whose careful estimation

allows us to produce a general equilibrium measure of the impact of immigrants on the average wage of U.S.

natives, and in particular, on the wage of each type of native worker. The important and novel result is that,

once we account for general equilibrium effects, we turn the commonly estimated negative effect of immigrants

on the wages of natives on its head. Considering the period 1980-2000, we find that the average U.S. worker

has experienced an increase of 2% in the real value of her wage because of immigration. At the same time, we

find that college educated and high school educated natives are those who gained most from immigration (2.4%

to 2.5%) while high school dropouts did not gain but did not lose much either (-0.4% to 0%)3.

While our results may appear surprising and, at first, hard to reconcile with a supply and demand model (an

increase in labor supply should not increase wages!), the logic behind them is very simple. Consider a standard

3These numbers are from Table 10 below.
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constant returns to scale aggregate technology using differentiated labor and capital as inputs. Assume an

immigration flow that increases the supply of a certain group of workers (defined by occupation, education-

experience or skill). There are three partial effects. First, the marginal productivity of workers within the same

group falls and this puts downward pressure on their real wages. Second, the marginal productivity of workers

in other groups increases and this puts upward pressure on their real wages. Third, the marginal productivity

of capital increases. This raises the real return to capital and fosters its accumulation, which in turn ends up

increasing the productivity of labor and real wages. While the debate on immigration has so far focused on

the first effect, our general equilibrium approach also highlights the other two effects. In line with the state-

of-the-art, we do find a negative partial effect of immigrants on natives within the same group. We also find,

however, that such a negative effect is dominated on average by the two other positive effects. Thus, there is

no contradiction between our findings and the related literature as existing partial estimates are simply nested

within our general equilibrium framework.

The remainder of the paper is organized as follows. Section 2 summarizes the relevant literature. Section 3

introduces the aggregate production function, derives the demand for each type of labor and identifies the key

parameters for calculating the elasticity of native wages to the inflow of immigrants. This section also makes

explicit the treatment of physical capital and its implications. Section 4 presents the data and the key estimates

of the relevant elasticities. Using those estimates, Section 5 evaluates the effect of immigration on the wages of

U.S. natives. Section 6 concludes the paper.

2 Review of the Literature

There is a long list of contributions in the literature dealing with the impact of immigrants on the wages of

natives. We can do only partial justice to it in this section. In order to selectively review some of the relevant

works it is helpful to clarify what question we ask in this paper. The question is: What is the impact of

immigration on the productivity (wage) of workers born in the United States? The question really has two

parts. The first is imbued with a “macro” flavor: Does the inflow of foreign born workers have a positive or

negative net effect on the average productivity and income of U.S.-born residents? This question requires that

we aggregate the wages of quite heterogeneous U.S. workers. The second question is more “micro” in focus: How

are the gains and losses from immigration distributed across U.S.-born workers with different levels of education

(and experience), and between labor and physical capital? The consensus emerging from the literature is that

the first (macro) effect is rather small. Quantifications of this effect thus far (Borjas, 1995) imply that the sum

total of all foreign-born workers accounts for a mere 0.1% increase in the average income going to labor and

capital of U.S.-born residents. Therefore, the argument goes, one can neglect this small macro (average) effect

and concentrate solely on the second question dealing with the distributional effects of immigration. Moreover,
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as immigrants are normally endowed with little physical capital (since few can transport their private homes

or enterprises into the U.S.) most of the literature represents immigration as an increase in labor supply with

a given capital stock (Borjas, 1995, 2003), and so readily finds a negative impact of immigration on average

wages and a positive impact of immigration on the return to capital (due to complementarities between the

two factors). Our reading of the literature, however, suggests that the “macro” aspect of the issue (related to

average income and average wage) has been analyzed much more superficially than the “micro” aspect. Most

of the recent debate has focused on the effects of immigration on the relative wages of more and less educated

U.S.-born workers. Some economists argue for a large relative impact adverse to less educated workers (Borjas,

1994, 1999, 2003; Borjas, Freeman and Katz, 1997), while others favor a smaller, possibly insignificant, effect

(Butcher and Card, 1991; Card, 1990; Card, 2001; Friedberg 2001; Lewis, 2003; National Research Council,

1997).

The size and significance of the estimated relative wage effects from immigration remain controversial,

and possibly depend at least in part on the use of local versus national data. The present article uses a

framework from which both the “macro” (average) and the “micro” (distributional) effects of immigration can

be derived. We argue that only within such a framework, based on the aggregate production function and

general equilibrium outcomes, can one measure and discuss either of these effects. To strengthen our point,

we follow the less controversial empirical approach employed by Borjas (2003) that uses national (rather than

local) data and instrumental variable (rather than OLS) methods in performing the estimations. This approach

avoids the problems arising from internal migration of natives and from the endogenous choice of location when

using metropolitan or state data4.

The modern analysis of the effects of immigrant inflows on the wages of natives began with studies that

treated the foreign-born simply as a single homogeneous group of workers (Grossman, 1982; Altonji and Card,

1991), imperfectly substitutable with U.S.-born workers (possibly divisible into sub-groups). A number of studies

on the relative supply of skills and relative wages of U.S.-born workers made clear, however, that workers with

different levels of schooling and experience are better considered as imperfectly substitutable factors (Katz and

Murphy, 1992; Welsh, 1979; Card and Lemieux, 2001). As a consequence, more recent analysis has been carried

out partitioning workers among imperfectly substitutable groups (by education and experience) while assuming

perfect substitution of native and foreign-born workers within each group (Borjas, 2003). This article combines

the two approaches in the sense that both can be seen as special cases nested in our more general framework.

Specifically, we assume the existence of an aggregate production function that combines workers and physical

capital, while using education, experience and place of origin (U.S. versus elsewhere) to categorize imperfectly

substitutable groups. Following Borjas (2003), we choose a constant elasticity of substitution (CES) technology

4See Borjas, Freeman and Katz (1997) for a discussion.
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and we partition the two groups of U.S.- and foreign-born workers across eight experience levels and four

educational attainment classes. This allows for the imperfect substitutability of individuals between different

country origins and different education-experience levels. Imperfect substitutability may arise from different

abilities, occupational choices or unobserved characteristics of workers. Within this framework we estimate three

sets of elasticities: (i) between country origins within education-experience groups; (ii) between experience levels

within education groups; (iii) between education groups. There is very scant literature estimating the first set of

elasticity parameters. The only work we are aware of is Jaeger (1996) which only uses 1980-1990 metropolitan

data and whose estimates may be susceptible to attenuation bias and endogeneity problems related to the use

of local data. The other two sets of elasticities (between experience and between education groups) have been

estimated in several studies (Card and Lemieux, 2001; Katz and Murphy, 1992; Angrist, 1995; Ciccone and

Peri, 2005), which provide us with benchmark measures to check the robustness of our calculated effects.

As for physical capital, we explicitly consider its contribution to production and treat its accumulation

as endogenously driven by market forces that equalize real returns to capital in the long run. This is an

important departure from the literature, which has not paid much attention to the response of physical capital

to immigration. When evaluating the distributional effects of immigration, the prevalent assumption has been

that of a fixed capital stock (Borjas, 1995; Borjas, 2003). Some results obtained using both fixed and flexible

capital stock are nonetheless available (Borjas, Freeman and Katz, 1997; Borjas and Katz, 2005).

Finally, as mentioned earlier, several studies on the relative wage effects of immigrants have analyzed local

data (metropolitan areas) accounting for the internal migration response of U.S. natives (Card, 2001; Card and

Di Nardo, 2000; Lewis, 2003) and correcting for the endogeneity of immigrant location choice (both factors would

cause an attenuation bias in the estimates). These studies find a small negative partial effect of immigrants

on wages. In the same vein, our recent work (Ottaviano and Peri, 2005a, 2005b, 2006) has pointed out a

positive effect of immigration on the average wage of U.S. natives across U.S. metropolitan areas. This positive

and significant effect survived 2SLS estimation, using instruments that should be exogenous to city-specific

unobservable productivity shocks.5 The complementarities in production illustrated at the national level in the

next section could also be at work at the city level. Accordingly, they could be used to reconcile the negative

partial (relative) effects estimated on national data with the positive average effect estimated on local data in

our previous studies.6

5We build the instrumental variables by using the initial share of foreign-born workers in a city, grouped by country of origin,
and attributing to each group the average immigration rate for that nationality during each decade in the period (1970-2000). First
introduced by Card (2001), this instrument is correlated with actual immigration in the metropolitan area if new immigrants tend
to settle prevalently where fellow countrymen already live.

6The city model is developed in greater detail in Ottaviano and Peri (2005b).
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3 Aggregate Production and Labor Demand

To evaluate the effects of immigrants on the wages of natives when workers differ in terms of education and

experience, we need a model of how their marginal productivity change in response to changes in the supply of

different types of labor. In the macro and growth literature, a simple and popular way of doing this is to assume

an aggregate production function in which aggregate output (the final good) is produced using a combination of

physical capital and different types of labor. Following Borjas (2003) and Card and Lemieux (2001), we choose a

nested CES production function, in which physical capital and different types of labor are combined to produce

output. Labor types are grouped according to education and experience characteristics; experience groups are

nested within educational groups, that are in turn nested into a labor composite. U.S.-born and foreign-born

workers are allowed a further degree of imperfect substitutability even when they have the same education and

experience. The production function we use is given by the following expression:

Y = A eCαK1−α (1)

where Y is aggregate output, A is total factor productivity (TFP), K is physical capital, eC is the CES labor

aggregate described below, and α ∈ (0, 1) is the income share of labor. The production function exhibits constant
returns to scale (CRS) and is a Cobb-Douglas combination of capital K and labor eC. Such a functional form
is widely used in the macro-growth literature and is supported by the empirical observation that the share of

income going to labor, α, is constant in the long run and across countries (Kaldor, 1961; Gollin, 2002). The

labor aggregate eC is defined as:

eC = " 4X
k=1

µ
Ck

τk

¶ δ−1
δ

# δ
δ−1

(2)

where Ck is an aggregate measure of labor with educational level k; 1
τk
are education-specific productivity levels

(we impose the standardization
P

k

³
1
τk

´ δ−1
δ

= 1 as any common multiplying factor can be absorbed by A). As

standard in the labor literature, we group educational achievements into four categories: High School Dropouts

(denoted as HSD) , High School Graduates (HSG), College Dropouts (COD) and College Graduates (COG),

so that k = {HSD,HSG,COD,COG}. The parameter δ > 0 measures the elasticity of substitution between

workers with different educational achievements. Within each educational group we assume that workers with

different experience levels are also imperfect substitutes. In particular, following the specification used in Card

and Lemieux (2001), we write:

Ck

τk
=

⎡⎣ 8X
j=1

µ
Ckj

τkj

¶ θ−1
θ

⎤⎦ θ
θ−1

(3)
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where j is an index spanning experience intervals of five years between 0 and 40 years, so that j = 1 captures

workers with 0− 5 years of experience, j = 2 those with 6− 10 years, and so on. The parameter θ > 0 measures
the elasticity of substitution between workers in the same education group but with different experience levels

and 1
τkj

are experience-specific productivity level (standardized so that
P

j

³
1
τkj

´ θ−1
θ

= 1 for each k) . As

we expect workers within an education group to be closer substitutes than workers across different education

groups, our prior (consistent with the findings of the literature) is that θ > δ. Finally, distinct from most of the

literature, we define Ckj
τkj

as a CES aggregate of home-born and foreign-born workers. Denoting by Hkj and Fkj

the number of workers with education k and experience j who are, respectively, home-born and foreign-born,

and by σk > 0 the elasticity of substitution between them, our assumption is that:

Ckj

τkj
=

⎡⎢⎣µ Hkj

τHkj

¶σk−1
σk

+

µ
Fkj
τFkj

¶σk−1
σk

⎤⎥⎦
σk

σk−1

(4)

The underlying idea is that foreign-born workers receive part of their education abroad, they are often raised

with different references and they are likely to have different abilities pertaining to language, quantitative

skills, relational skills and so on. These characteristics are likely to affect their choices of occupation and their

abilities in the labor force, therefore they should be differentiated enough to be treated as imperfect substitutes

for U.S.-born workers, even within the same education and experience group. As we expect workers within

the same education and experience group to be closer substitutes than workers across different education and

experience groups, our working hypothesis is that σk > θ. We analyze this issue in detail in Section 4 below.

Ultimately we allow the empirical analysis to reveal whether U.S.-born workers and foreign-born workers within

the same education and experience group are perfect substitutes (σk =∞) or not.7 In so doing, as indicated by
the subscript k, we allow the elasticity of substitution between U.S.- and foreign-born workers to differ across

education groups (more on this below). Finally, the terms 1/τFkj and 1/τHkj measure the specific productivity

levels of foreign- and home-born workers and are also standardized so that 1
τHkj

σk−1
σk

+ 1
τFkj

σk−1
σk

= 1.

3.1 Physical Capital

Since we use decennial census data to estimate the parameters in the production function and to evaluate the

impact of immigration on U.S. wages, it seems reasonable to treat physical capital as endogenously accumulated

rather than fixed. Given (1), a fixed stock of capital would imply that any increase in labor supply due to

immigration decreases the aggregate capital-output ratio K/Y , increases the marginal productivity of capital

and therefore its real return. On the other hand, either assuming international capital mobility or capital

accumulation, along the long run balanced growth path of the Ramsey (1928) or Solow (1956) models, the real
7The standard assumption in the literature has been, so far, to impose that Ckj = Hkj + Fkj , i.e. that once we control for

education and experience, foreign-born and natives are workers of identical type.
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interest rate r and the aggregate capital-output ratio K/Y are both constant. This assertion is supported in

the data as the real return to capital in the U.S. does not exhibit any trend in the long run (Kaldor, 1961).

In particular, this is also true for our period of observation 1960-2000 as depicted in Figure 1, where the real

interest rate is measured as the nominal interest rate minus the realized inflation rate. Figure 1 is complemented

by Table 2, whose right hand column reports the changes in real interest rate by decade. The changes are large

and negative in the 1960s and 1970s, large and positive in the 1980s, and almost null in the 1990s. On the

other hand, the left hand column in the table shows that the immigration rate exhibits a steady tendency to

grow between 1960 and 2000. The lack of positive correlation between real interest and immigration rates is

incompatible with a fixed stock of capital. It is, instead, compatible with a fast endogenous reaction of the

capital stock to changing labor supply. Consequently, we can safely assume that physical capital adjusts in

order to maintain a constant interest rate, which allows us to express the capital stock as a function of A, r andeC. Substituting into the production function (1) to express output as a linear function of the labor composite:
Y =

µ
1− α

r

¶ 1−α
α

A
1
α eC = bA eC (5)

where the factor bA = ¡1−αr ¢ 1−α
α A

1
α absorbs a constant and re-scales the TFP factor. Expression (5) shows that

in the long run income per worker grows at a rate determined by exogenous technology A (as in any neoclassical

growth model) and that the elasticity of income to the labor composite eC is one. We are now ready to use (5)

to calculate the long-run elasticities of wages to the supply of different kinds of workers.8

3.2 Effects of Immigration on Wages

The production function (5) can be used to calculate the demand functions for each type of labor at any point

in time. After choosing output as numeraire good, in a competitive equilibrium the (natural logarithm of) the

marginal productivity of U.S.-born workers in group k, j, equals (the natural logarithm of) their wage:

lnwHkjt = ln bAt+
1

δ
ln( eCt)+lnΦkt−

µ
1

δ
− 1

θ

¶
ln(Ckt)+lnΦkjt−

µ
1

θ
− 1

σk

¶
ln(Ckjt)+lnΦHkjt− 1

σk
ln(Hkjt) (6)

where t is the time index. The term Φkt is equal to
³

1
τkt

´ 1
δ+

1
θ

, Φkjt is equal to
³

1
τkjt

´ 1
θ+

1
σk and ΦHkjt is

equal to
³

1
τHkjt

´1− 1
σk . We assume that the relative efficiency parameters (τkt, τkjt, τkjHt) as well as bAt and

their evolution over time, t, depend on technological factors and therefore are independent from the supply of

foreign-born.
8This highlights one important difference with Borjas (2003) who, in calculating the long-run elasticities of wages to inflows of

immigrants over twenty years, assumes a constant stock of capital.

9



Let us define the change in the supply of foreign-born due to immigration between two censuses as ∆Fkjt =

Fkjt+10 − Fkjt. The total number of native and foreign born workers with education k and experience j will

be denoted as Lkjt = Hkjt + Fkjt. We can use the demand function (6) to derive the effect on native wages

of an inflow of foreign born in any skill group. The overall impact of immigration on natives with education k

and experience j can be decomposed in three effects that operate through Ckj , Ck and eC. First, a change in
the supply of foreign-born workers with education k and experience j affects the wage of natives with identical

education and experience by changing the terms Ckj , Ck and eC in expression (6). Second, a change in the supply
of foreign-born workers with education k and experience i affects the wage of natives with identical education

k but different experience j by changing the terms Ck and eC. Third, a change in the supply of foreign-born
workers with education l affects native workers with different education j only through a change in eC.
While the exact expressions of the three effects are derived in Appendix A, here we focus on the first effect.

In particular, as a way to illustrate one main difference with the previous literature, we define below the impact

of immigrants with education k and experience j on the wages of natives with identical education and experience

keeping the aggregates Ck and eC constant. This measures a partial or relative effect. Consistent with expression
(6), such effects have been estimated in the existing literature by regressing the wage of natives ln(wHkjt) on

the total number of immigrants in the same group k, j (often expressed as a share of initial employment in

that group ∆Fkjt/Lkjt) in a panel across groups and time (Borjas, 2003). Controlling for period effects and

education-by-period effects eliminates any variation that is due to changes in Ckt and eCt, as these vary with time

and with education over time. The resulting partial effect, expressed as the percentage variation of natives’ wage

in response to a percentage variation of foreign employment in the group, is given by the following expression:

εpartialkjt =

¯̄̄̄
∆wHkjt/wHkjt

∆Fkjt/Lkjt

¯̄̄̄
Ck,C constant

=

∙µ
1

σk
− 1

θ

¶µ
sFkjt
skjt

¶µ
κkjt
κFkjt

¶¸
(7)

The variable sFkjt is the share of overall wages paid in year t to foreign workers in group k, j, namely

sFkjt =
wFkjtFkjt

m i(wFmitFmit+wHmitHmit)
. The variable κFkjt is the share of foreign-born workers k, j in to-

tal employment, namely κFkjt = Fkjt

m i(Fmit+Hmit)
. Analogously, skjt =

wFkjtFkjt+wHkjtHkjt

m i(wFmitFmit+wHmitHmit)
and

κkjt = (Fkjt+Hkjt)

m i(Fmit+Hmit)
are the shares of total wage bill and of total employment, respectively, in year t

accounted for by all workers in group k, j.

By construction, the elasticity εpartialkjt captures only the effect of immigration on native wages operating

through the term
¡
1
θ − 1

σk

¢
ln(Ckjt) in (6). Under the standard assumption of the existing literature, within

group k, j U.S.- and foreign-born workers are perfect substitutes (σk = ∞) and share the same efficiency
(τkjHt = τkjFt which implies

sFkjt
skjt

=
κFkjt
κkjt ). Then, (7) simplifies to ε

partial
kjt = − 1θ : the harder it is to substitute

between workers with different levels of experience (i.e. the lower θ), the stronger is the negative impact that

immigrants have on the wages of natives with similar educational and experience attainment. In the general
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case (0 < σk < ∞), εpartialkjt is still negative but smaller in absolute value than 1
θ , the reason being that the

negative wage effect of immigrants on natives is partly attenuated by their imperfect substitutability.

Using estimates of the parameters σk and θ and data on wages and employment, the partial elasticity ε
partial
kjt

can be easily calculated. The problem is that it does not provide any indication on the total effect of immigration

on the wages of natives in group k, j. The reason is that, to calculate the total effect, we also need to account

for the changes in Ckt and eCt as well as for the fact that immigration alters the supply of foreign-born workers

in all other education and experience groups. Once we do so, the total effect of immigration on the wages of

native workers in group k, j (expressed as an elasticity) is given by the following expression:

εtotalkjt =
∆wHkjt/wHkjt

∆Ft/Lt
=

1
δ

X
m

X
i

sFmit

κFkmt

∆Fmit

Lt
+
¡
1
θ − 1

δ

¢ ³
1
skt

´X
i

sFkit
κFkit

∆Fkit
Lt

+
³
1
σk
− 1

θ

´³
1

skjt

´³
sFkjt
κFkjt

´
∆Fkjt
Lt

∆Ft/Lt
(8)

where the percentage change in wage ∆wHkjt/wHkjt is standardized by ∆Ft/Lt =
X
m

X
i

∆Fmit

Lt
which is the

total inflow of foreign born ∆Ft measured as a share of initial total employment Lt.

It is easy to provide an intuition for each term in expression (8), by referring to the labor demand equation

(6). The term 1
δ

X
m

X
i

sFmit

κFkmt

∆Fmit

Lt
is a positive total effect on the productivity of workers in group k, j due

to the increase in supply of all types of labor. This effect operates through 1
δ ln(

eCt) in (6) which is positive for

δ > 0. The term
¡
1
θ − 1

δ

¢ ³
1
skt

´X
i

sFkit
κFkit

∆Fkit
Lt

is the additional negative effect on productivity generated by the

supply of immigrants within the same education group. As those immigrants are better substitutes for natives in

group k, j due to similar education, they have an additional depressing effect on their wage. This effect operates

through
¡
1
δ − 1

θ

¢
ln(Ckt) in (6) which is negative if θ > δ. Finally, the term

³
1
σk
− 1

θ

´³
1

skjt

´³
sFkjt
κFkjt

´
∆Fkjt
Lt

is the

additional negative effect due to the supply of immigrants with the same education and experience as natives in

group k, j. This last effect operates through
¡
1
θ − 1

σk

¢
ln(Ckjt) in (6) and it is exactly the partial effect ε

partial
kjt

multiplied by ∆Fkjt/Lkjt. Clearly, since the total effect aggregates the partial effect together with 40 other

cross-effects (32 in the double summation and 8 in the single summation), εtotalkjt will be generally quite different

from εpartialkjt . In fact, when immigration is large in groups with education and experience different from k and

j, the effect εtotalkjt can be large and positive while εpartialkjt is negative. We will show that this is indeed the case

by calculating εtotalkjt from estimated values for σk, θ and δ, plus data on employment and salary.

Finally, by aggregating the total effect of immigration on the wages of all groups of natives, we can obtain

the total effect of immigration on the average wage of U.S.-born workers. Defining the average in year t as

wHt =
P
κFkjtwFkjt, the total effect of immigration on the average wage of natives evaluates to:
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εtotalt =
∆wHt/wHt

∆Ft/Lt
=
X
k

X
j

skjt
∆wHkjt/wHkjt

∆Ft/Lt
(9)

We refer to εtotalt as the total elasticity of the average wage of natives to immigration and we will calculate it

by using the values from expression (8) and data on the share of wages going to foreign-born workers in each

group (skjt).

4 Parameter Estimates

4.1 Data Description and Preliminary Evidence

The data we use are from the integrated public use microdata samples (IPUMS) of the U.S. census (Ruggles et

al, 2005) for the years 1960, 1970, 1980, 1990 and 2000. These data are based on the 1% PUMS samples for

the years 1960 and 1970 and on the 5% state samples for the 1980-2000 census data. We consider people ages

17-65 not living in group quarters and who worked at least one week in the previous year earning a positive

amount in salary income. We convert the current wages to constant wages (year 2000 $U.S.) using the CPI

deflator across years. We also impose a homogeneous top-code for wages at 1.5 times the value of wages at

the 98th percentile of the distribution. We define the four schooling groups using the variable that identifies

the highest grade attended (called “higradeg” in IPUMS) for census 1960 to 1980 while we use the categorical

variable (called “edu99” in IPUMS) for censuses 1990 and 2000. Years of experience are calculated using age

and assuming that people without an high school degree enter the labor force at 17, people with high school

degree enter at 19, people with some college enter at 21 and people with a college degree enter at 23. Finally,

yearly wages are based on the variable salary and income wage (called “incwage” in IPUMS). Weekly wages

are obtained dividing that value by the number of weeks worked. Hourly wages are calculated dividing weekly

wages by the number of hours worked during the last week9. The status of “foreign-born” is given to those

workers whose place of birth (variable “BPL”) is not within the USA (or its territories overseas) and did not

have U.S. citizenship at birth. The average wage for workers in a cell, (the variable (wx)kjt for x = {H,F},
k = {HSD,HSG,COD,COG} and j = {1, 2..., 8}) is calculated as the weighted average of individual wages in
the cell using the individual weight (“perwt”) assigned by the U.S. census. The total number of workers in each

cell (Hkjand Fkj) is calculated as the weighted sum of workers belonging to that cell. These data allow us to

construct the variables κxkj and sxkj , the share of each group in the total wage bill and in total employment,

as well as to estimate the parameters δ, θ, σk needed to calculate the elasticities ε
partial
kjt , εtotalkjt and ε

total
t . Before

proceeding with the econometric analysis let us show two sets of simple statistics that already suggest how

9To keep samples comparable across census years we use the categorical variables that measure weeks worked and hours worked.
They are available each census year and are called "wkswork2" for weeks worked and "hrswork2" for hours worked. Individuals are
assigned the median value of the variables in the interval.
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foreign-born workers are not perfectly substitutable with U.S.-born ones but rather complement them in their

distribution of education and skills.

Let us first consider the educational attainments of U.S.-born and foreign-born workers in year 2000. Figure 2

reports what percentage of workers is foreign-born in each of seven “schooling” groups, i.e. the relative presence

of foreign-born in each group from the Census 2000. Proceeding from the left to the right side of Figure 2 the

bars of the histogram indicate the percentage of foreign-born workers among the following groups: High School

Dropouts, High School Graduates, College Dropouts, College Graduates, Masters, PhD’s, and PhD’s working

in the fields of science and engineering. The horizontal line at 10.5% indicates what percentage of each group

would be foreign-born if they were distributed proportionally to the native population across the groups. The

actual distribution shows a clear “U-shape” of foreign-born educational attainments: foreign-born are relatively

abundant among workers with low levels of education as well as among workers with high levels while they

are under-represented in the intermediate schooling levels. Figure 3, on the other hand, shows the absolute

distribution of U.S. native workers among the same schooling groups described above. Clearly, in absolute

terms, the U.S. labor force is concentrated (60% of total) among the two intermediate groups (high school

graduates and college dropouts). Only 12% of natives do not have a high school degree and the percentages

of college graduates, masters and PhD’s are respectively 18%, 7% and 3%. In summary, foreign-born workers

are relatively abundant in those groups in which there are fewer natives (in absolute terms) and they are

relatively scarce in those groups that have larger numbers of natives. The complementarity of educational

attainments already suggests a potential benefit to U.S.-born workers through relative scarcity: the groups with

intermediate schooling would gain while the high and low education groups would lose. Given the larger size of

the intermediate groups in employment, the positive wage effect out-weighs the negative one in aggregate.

There is, however, a more interesting way in which foreign-born are imperfect substitutes for U.S.-born

workers. Even considering workers who have identical measurable human capital (education and experience),

foreign- and U.S.-born differ in several respects that are relevant to the labor market. First, immigrants are a

selected group of their original populations and have skills, motivations and tastes that may set them apart from

natives. Second, in manual and intellectual works they have culture-specific skills (e.g. cooking, crafting, opera

singing, soccer playing). Third, and most important, due to portability of skills or historical accidents, foreign-

born tend to choose different occupations than natives even for given education and experience. As services of

different occupations are imperfectly substitutable, this would imply imperfect substitutability between natives

and foreign-born.

Differences in the occupational choice between natives and foreign-born with same education and experience

are illustrated in Table 3. Following Welch (1990) and Borjas (2003) we calculate the “index of congruence”

in the choice of 472 occupations (from Census 2000 definitions) between the group of native workers and the

13



group of foreign-born workers with the same education and experience levels. The index of congruence is

calculated by constructing a vector of shares in each occupation for each group and computing the centered

correlation coefficient between these vectors for the two groups. A value of the index equal to 1 implies an

identical distribution of workers among occupations for the two groups, a value equal to -1 implies an exactly

“complementary” distribution. From the top portion of Table 3 for high school dropouts (3A) to the bottom

portion for college graduates (3D), the first column of each table reports the index of congruence between natives

and foreign born in the same schooling and ten-year experience group (between 0 and 40 years). By way of

comparison, the remaining columns report the indices of congruence between natives in different experience

groups within the same education group. Three facts emerge that are worth emphasizing. First, the index of

congruence between U.S.- and foreign-born with identical education and experience is always smaller than 0.75

and for some education-experience cells is as low as 0.5. This denotes differences in occupational choices. Second,

looking at the average congruence between native and foreign born (last row and first column in each table) and

comparing it to average congruence between natives with different experience levels (last row and second column

in each table), we find that the first is always approximately equal to or smaller than the second. This implies

that, from an occupational perspective, natives and foreign-born are not easier to substitute than U.S.-born

with different experience levels. Given that an extensive literature shows imperfect substitutability between

U.S. workers with different experience (Welch, 1979; Card and Lemieux, 2001), we would also expect a less

than perfect degree of substitutability between natives and foreign-born with similar education and experience.

Finally, within the group of college educated workers, there is the smallest degree of congruence in the choice

of occupation between U.S.- and foreign-born. This suggests that the lowest degree of substitutability between

foreign-born and U.S.-born workers may be reached in the educational group of college graduates. In light

of these preliminary findings we can now approach the econometric estimation of the relevant elasticities of

substitution.

4.2 Estimates of the Elasticities of substitution

4.2.1 Estimates of σk

The model developed in Section (3) provides us with the framework to estimate the parameters σk. Calculating

the natural logarithm of the ratio of the wages of U.S.-born and foreign-born workers within the same group

k, j we obtain the following relation:

ln(wHkjt/wFkjt) = − 1

σk
ln(Hkjt/Fkjt)− σk − 1

σk
ln(τHkjt/τFkjt) (10)
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which defines the relative labor demand for foreign and U.S.-born workers in group k, j. Equation (10) can be

used to estimate the coefficient 1
σk
(i.e. the elasticity of relative demand) as long as we identify a source of vari-

ation in relative supply ln(Hkjt/Fkjt) that is independent of the variation of relative efficiency ln(τHkjt/τFkjt).

Our estimation strategy works as follows. Due to technological reasons such as skill-biased technical change

and increased international competition over the period 1960-2000, the profiles of the returns to education and

to experience have changed differently across occupations. Accordingly, we allow relative efficiency to have a

systematic component that may vary by education and experience over time and we control for education by

year effects (Dkt) as well as experience by year effects (Djt). Conditional on these controls, we assume that

the decennial changes in foreign-born workers across experience-education cells (mostly due to new immigrants)

constitute exogenous supply shocks uncorrelated with ln(τHkjt/τFkjt) and hence can be used as instrument for

ln(Hkjt/Fkjt) to estimate the coefficient 1
σk
consistently. Thus, using the census data from 1960 through 2000

we end up running the following regression:

ln(wHkjt/wFkjt) = Dkt +Djt − 1

σk
ln(Hkjt/Fkjt) + ukjt (11)

using ln(1/Fkjt) as an instrument for ln(Hkjt/Fkjt) so that, once we control for Dkt and Djt, the changes

in supply of foreign-born workers specific to an education-experience cell are uncorrelated with the remaining

variation of relative efficiencies ukjt.10

In total we estimate the above equation for 160 observations (8 experience by 4 education groups by 5

census years) and include twenty Dkt and fourty Djt fixed effects. The variables wHkjt, wFkjt, Hkjt, Fkjt

are constructed as described in section 4.1 above. Table 4 reports the estimated values of 1
σk
obtained using

different samples, methods and definitions of wage. The estimates reported in the first row impose that σk is

constant across education groups (σ) while the following four rows allow that elasticity to be education-specific

and report separately the estimates for the elasticity in each group. (1/σHSD, 1/σHSG, 1/σCOD, and 1/σCOG).

Specification 1 reports the OLS estimates using weekly wages and male workers to measure wHkjt, wFkjt and

Hkjt, Fkjt. The reported standard errors are clustered by education-experience cells and each regression weights

the observations by the employment in the cell. Specification 2 estimates 1
σk
following the instrumental variable

strategy described above and uses ln(1/Fkjt) as an instrument. Specification 3 also follows an IV strategy, and

uses the instrument ln(1/Fnew
kjt ), where F

new
kjt is the number of immigrants who entered the country during the

previous decade only (i.e. they were not recorded in the previous census). In trying to identify an exogenous

source of variation in the relative supply of labor, new immigrants (Fnew
kjt ) should be the least affected by the

domestic relative productivity changes, ln(τHkjt/τFkjt), and hence the most exogenous instrumental variable.

Indeed, the total number of foreign-born workers Fkjt includes also long-time residents (especially in the more

10We discuss the quality of ln(1/Fkjt) as instrument with respect to alternative options in Section 4.2.1 below.
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experienced groups) who may move back, retire or re-qualify as response to group-specific technological shocks

and may introduce some endogeneity bias. On the other hand, ln(1/Fkjt) is, in general, more correlated with

ln(Hkjt/Fkjt) than ln(1/Fnew
kjt ) and the information on year of immigration is only available since census 1970,

hence we have to restrict our sample to 1970-2000 when using the second instrument.

The comparison between the OLS and the IV estimates of the parameter (1/σ) reveals the presence of a

moderate downward OLS bias (i.e. a bias of − 1
σk
towards 0), which is exactly what we would expect if the

supply of native workers Hkjt had a positive correlation with ukjt. The demand elasticity 1
σk
is estimated using

IV methods, with values of 0.25 (specification 2) and 0.28 (specification 3), rather than 0.18 (the OLS estimate,

Specification 1). This implies an elasticity of substitution between U.S.- and foreign-born workers of around 4.

The results from the first stage regressions (coefficients and F-test of exclusion of instrument ) reported in the

last two rows show that the shocks to the supply of foreign-born (total and newly immigrated) shift the relative

supply ln(Hkjt/Fkjt) significantly. The F-test of exclusion of the instrument from the first stage always reject

the exclusion at the 1% confidence level, and while the F-statistic is occasionally below 10 (often taken as the

boundary value for weak instrument) it is never below 9. When we allow different elasticities of substitution

between U.S.- and foreign-born workers across education groups (rows 2 to 5), two patterns emerge. First, the

estimates of the relative demand elasticities are, in general, larger for the two extreme groups (1/σHSD and

1/σCOG) for which they range between 0.18 and 0.32 than for the two intermediate ones (1/σHSG and 1/σCOD)

for which they range between 0.12 and 0.18. At the same time, however, the IV estimates, especially those in

Specification 3, become less precise. Due to fewer degrees of freedom in estimating each of the four elasticities

and to a weaker correlation of the instrument with the explanatory variable within each education group, the

standard errors increase. For the parameters of the intermediate schooling groups (1/σHSG and 1/σCOD), they

could be as large as 0.2. Specifications 4 and 5 use all workers to calculate wages and employment and to perform

IV estimation using ln(1/Fnew
kjt ) or ln(1/F

new
kjt ) as instruments, respectively. The estimates (constrained and

unconstrained) are very similar to the previous ones obtained using the sample of males only. Specifications

6 and 7 use yearly wages as measures of wHkjt and wFkjt. The elasticity of relative demand is estimated to

be 0.45 when constrained to be the same across all education groups, whereas it is close to 0.4 for the two

extreme education groups and between 0 and 0.3 for the two intermediate groups when left unconstrained.

These estimates, larger and more imprecise than for the previous specifications, imply a possible adjustment of

weeks worked (besides wages) in response to relative supply shifts, or may simply stem from the fact that yearly

wages are a noisier measure of unit labor productivity. Finally, Specifications 8 and 9 show the results when we

do not weight the cell by their employment. The elasticity of demand is close to 0.2 when constrained, whereas

it is between 0.1 and 0.25 for the extreme groups and between 0 and 0.1 for the intermediate groups when left

unconstrained.
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While each single estimate is not extremely precise, the overall picture is quite clear. The constrained

estimates are always larger than 0 and statistically significant, and mostly around the values 0.2-0.25. Within

the unconstrained estimates, those for the two extreme groups (1/σHSD and 1/σCOG) are mostly positive and

significant (between 0.2 and 0.3) while those for the intermediate groups are generally small (between 0 and 0.15)

and not always significant. Taken as a whole this evidence strongly support the hypothesis that foreign-born

and U.S.-born workers in an education-experience cell are not perfect substitutes, especially within the groups

of high school dropouts and college graduates (elasticity of substitution between 3 and 5).

Two comments are in order here. First, the pattern of lower substitutability in the two extreme educational

groups (HSD and COG) seems to agree with a common sense intuition and, in part, with the preliminary evi-

dence of Section 4.1. Among the highly educated, the foreign born choose occupations (in science and technology

rather than in law and administration) and have creative, managerial, relational abilities that complement na-

tives and are hard to substitute for. In a word, “talent” is specific and hard to substitute. On the other hand,

among those who did not receive a formal education, some manual skills learned by doing (e.g. cooking, ma-

sonry, gardening) and some occupational choices that are avoided by natives (e.g. assistants of elderly people,

taxi drivers) may also diversify the foreign born to a large extent. On the contrary, in the intermediate school-

ing groups there may be less scope for specific skills as clerical jobs or intermediate administrative positions

require more standard skills and hence foreign born and natives are more easily substitutable. Lastly, the lowest

substitutability is found among educational groups where the foreign born are relatively more abundant (see

Figure 2). This feature should enhance the net beneficial effect of immigrants on the wages of natives.

IV Discussion: Estimates on Young Cohorts Only One reason for the lower significance of the uncon-

strained IV estimates in Table 4, especially those using new immigrants only as an instrument (Specifications

3, 5, 7 and 9), is that the group of recent immigrants is often a small percentage of total foreign-born (and

even smaller of total employment) in several education-experience cells. Hence, its variation explains only a

small fraction of fluctuations of the relative supply ln(Hkjt/Fkjt). We can exploit, however, the experience

(age) structure of new immigrants in order to identify the cells in which they are a larger fraction of total em-

ployment and hence have stronger correlation with changes of the relative supply. Figure 4 illustrates, pooling

educational groups, the share of employment in each of the five-year experience intervals (0-40) represented by

new immigrants (i.e. entered in the previous decade) for census data between 1970 and 2000. Clearly most

new immigrants enter the country as young (or relatively young) workers, and they represent the highest share

of employment in the young cohorts. For the cohorts with less than 20 years of experience immigrants rep-

resent sizable shares of employment (more than 5%) and large variations across groups and over decades are

observed. For the cohorts above 20 years, new immigrants are never more than 4% of employment and not

much variation is observed across groups and over decades. Assuming that the variation of immigrants in young
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cohorts identifies supply shocks that are larger and bear higher correlations with relative supply shocks, we

could improve on the precision of our estimates by limiting our estimation to the groups of young workers with

less than 20 years of experience. This is exactly what we do in Table 5, in which we reproduce the estimates

of Table 4 after restricting the sample to the groups with less than 20 years of experience (4 groups for each

educational attainment). Confirming our intuition the significance of the instruments as well as the precision

of the estimates increase. Moreover, the point estimates of the elasticity of demand become somewhat larger,

averaging 0.275 when constrained (1/σ) and ranging between 0.2 and 0.4 for 1/σHSD and 1/σCOG and between

0 and 0.2 for 1/σHSG and 1/σCOD when left unconstrained. Overall the results obtained on the young cohorts

confirm and strengthen our results on the imperfect substitutability between U.S.- and foreign-born workers.

4.2.2 Estimates of θ

Equation (11) has allowed us to estimate the parameter σk. We can also use it to infer the systematic component

of the efficiency terms 1
τHkjt

and 1
τFkjt

that vary with education-time and experience-time. In particular, those

terms can be obtained from the estimates of the fixed effects bDkt and bDjt as:

µ
1bτHkjt

¶σk−1
σk

=
exp( bDkt) exp( bDjt)

1 + exp( bDkt) exp( bDjt)
,

µ
1bτFkjt

¶σk−1
σk

=
1

1 + exp( bDkt) exp( bDjt)
(12)

where we have imposed the standardization that they add up to one. Using (12) we can construct the aggregate

labor input Ckjt
τkjt

in (4). Indeed, the production function (1) and marginal pricing imply the following relation

between the compensation going to the labor input Ckjt and its supply:

ln(Wkjt) = ln bAt+
1

δ
ln( eCt)−

µ
1

δ
− 1

θ

¶
ln(

1

τkt
)−
µ
1

δ
− 1

θ

¶
ln(Ckt)+

µ
1− 1

θ

¶
ln(

1

τkjt
)+

µ
1− 1

θ

¶
ln(Ckjt) (13)

where Wkjt = wFkjtFkjt + wHkjtHkjt is the total wage paid to workers in the education-experience group k,

j and can be considered as the compensation to the composite input Ckjt. That variable is readily calculated

using data on wFkjt, wHkjt, Fkjt and Hkjt.

Equation (13) provides the basis to estimate the parameter 1θ that measures the elasticity of relative demand

for workers with identical education and different experience. Empirical implementation is achieved by rewriting

it as:

ln(Wkjt) = Dt +Dkt +Dkj +

µ
1− 1

θ

¶
ln(Ckjt) + ekjt (14)

and running it on 1970-2000 data. Four time fixed effects Dt control for the variation of ln bAt+
1
δ ln(

eCt), twenty

time by education fixed effects Dkt control for the variation of −
¡
1
δ − 1

θ

¢
ln( 1

τkt
)− ¡1δ − 1

θ

¢
ln(Ckt). Finally, we

assume that the efficiency term ln( 1
τkjt

) has a systematic component across education and experience groups that
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does not vary over time and we capture it by thirty two education by experience fixed effects Dkj . Conditional

on these effects any further fluctuation of the term ln( 1
τkjt

) is assumed to be a zero-mean error ekjt, uncorrelated

with the changes in supply of newly immigrated foreign born. We use an IV estimate and we instrument the

aggregate total supply of ln(Ckjt) with ln(Fnew
kjt ), which correlates with the part of ln(Ckjt) made of foreign-born

workers. Accordingly, the estimated coefficient on the variable ln(Ckjt) is a consistent estimate of 1− 1
θ .

Table 6 reports the estimates and standard errors of 1θ obtained using the aforementioned procedure. For

robustness purposes we have estimated the elasticity 1
θ using different definitions of wage (weekly, yearly and

hourly in the first, second and third row respectively), different samples (males in specification 1, 3, 5 and 7 or

all workers in specification 2, 4, 6 and 8), and different parameters estimates of σ spanning the range obtained

in Tables 4 and 5. Lastly, we have produced estimates (Specifications 7 and 8) by constructing the aggregate

input Ckjt by simply adding Hkjt and Fkjt (i.e. assuming an infinite σ).

The stability of the estimates of 1θ is remarkable. All specifications produce a value between 0.20 and 0.34

with an average value of 0.25. This implies an average estimate of the parameter θ equal to 4. The choice of the

wage definition and the choice of the elasticity σ used to construct the variable ln(Ckjt) do not seem to make a

relevant difference in the parameter’s estimates. In particular the estimates are little affected by the choice of σ

to the extent that even the unrealistic, though customary, value of σ =∞, still implies a relative wage elasticity
between experience groups in the range between 0.21 and 0.32. As discussed in Section 3.2, when taken with

reverse signs, the estimates in columns 7 and 8 represent the partial effect εpartialkjt of immigrants on wages

within an education-experience group assuming perfect substitutability between Hkjt and Fkjt. Our estimated

values are consistent with the existing literature on these partial effects (Borjas, 2003) as well as with available

estimates of 1θ surveyed in Section 4.3. However, as we will see, the fact that the imperfect substitutability

between U.S.- and foreign-born workers in group k, j has little influence on the estimated value of 1θ does not

mean that it does not affect the estimated total effects of immigration on the wages of U.S. natives. This is why

it is very important to take it into account.

4.2.3 Estimates of δ

Aggregating one level further, we can construct the CES composite Ckt
τkt

by substituting the estimates from (14)

into (3). In particular, the terms
³

1
τkj

´ θ−1
θ

are obtained from the estimates of the experience by education fixed

effects, and are given by:
³

1
τkj

´ θ−1
θ

= exp(Dkj)/
X
j

exp(Dkj). The chosen production function together with

marginal pricing then implies that the compensation going to the labor input Ckt and its supply satisfy the

following expression:

ln(Wkt) = ln bAt +
1

δ
ln( eCt) +

µ
1− 1

δ

¶
ln

µ
1

τkt

¶
+

µ
1− 1

δ

¶
ln(Ckt) (15)
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where Wkt =
P

j Wkjt is the total wage bill paid to workers in education group k, which can be seen as the

compensation to Ckt. Following the same strategy as in the previous section, we use the above expression as

the basis for the estimation of 1δ . In so doing, we rewrite (15) as follows:

ln(Wkt) = Dt + (Time Trend)k +

µ
1− 1

δ

¶
ln(Ckt) + ekt (16)

which we implement using the 1960-2000 census data (or the 1970-2000 data when we rely on new immigrants as

instrument). The time dummies Dt absorb the variation of the terms ln bAt+
1
δ ln(

eCt). The terms (Time Trend)k

are education-specific time trends. These control for the systematic component of the efficiency terms ln
³

1
τkt

´
that are assumed to follow a time trend specific to each educational group. Conditional on these controls, any

other change in efficiency is uncorrelated with the inflow of foreign born in the corresponding education groups.

Hence, we can estimate the equation (16) using ln(Fkt) = ln
X
j

Fkjt or ln(Fnew
kt ) = ln

X
j

Fnew
kjt as instruments

for ln(Ckt).

Table 7 reports the estimated values of 1
δ and their standard errors. For robustness purposes, we have

constructed the dependent variable Ckt using different combinations of the parameters σ and θ. The parameter

σ has been chosen to be 5 (Specification 1 and 2) or 3 (Specification 3 and 4), which are values at the boundaries

of the estimated range. The parameter θ has been set equal to ∞, 4 and 3 (different rows of Table 7). A value
of infinity implies that workers of different experience levels are perfect substitutes, while 4 and 3 are values

close to those estimated in Section 4.2.2. Before commenting on them, let us point out that our estimates are

obtained using 16 observations only (four years by four education groups) and controlling for 8 extra effects

(time dummies and time trends). Hence, at best, they provide a reference point for the value of the parameter

1
δ . Accordingly, our goal here is simply to show that they are compatible with those in the literature as surveyed

in Section 4.3.

The average of the estimated values in Table 7 is 0.44, and most of the estimates are in the 0.4-0.5 range.

Standard errors are around 0.15. This implies an estimate of the parameter δ of around 2.2 and henceforth

we use 2 as a reference value. While no single estimate is particularly precise, the estimated values are overall

quite stable and consistent with existing estimates, which mostly fall between 1.5 and 2. We consider this as

further evidence supporting the validity of our method and the use of immigration as an exogenous shifter of

labor supply.

4.3 Comparison with the Literature and Partial Effects of Immigration

Are our estimates of σk, θ and δ consistent with the existing literature? Starting with σk, an unpublished working

paper by Jaeger (1996) provides the only previous estimates that we are aware of for the elasticity of substitution
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between native and foreign-born workers within a skill group. Jaeger considers imperfect substitutability between

education groups and sexes, but does not consider experience as a relevant skill dimension. Estimates are based

on data from 50 metropolitan areas, limited to 1980 and 1990 census data. As a consequence, those estimates

are subject to the criticism that mobility of natives between cities may attenuate the impact of immigrants

on wages (Borjas, Freeman and Katz, 1997). While Jaeger finds very small and insignificant estimates of the

relative elasticities of wages (1/σ) for women, he finds that for men with a college degree the elasticity (1/σCOG)

is precisely estimated and close to 0.27, for high school dropouts and high school graduates (1/σHSD, 1/σHSG) it

is around 0.12-0.13, whereas it is insignificant for college dropouts (1/σCOD = 0). Interestingly, these estimates

are broadly consistent with our findings. In particular the estimate of 1/σCOG is quite close to ours (the median

is 0.26), while the estimate of 1/σHSD is lower (ours are around 0.24) but still consistent. Our estimates of

1/σHSG and 1/σCOD are between 0 and 0.10, again consistent with the insignificant estimate of 1/σCOD found

in Jaeger. That paper, however, concludes that the complementarities between U.S.- and foreign-born workers

are not large enough to deserve consideration. In particular, it falls short of analyzing the implication of those

complementarities for the total effect of foreign born immigrants on average U.S. wages.

The parameter θ is estimated in Card and Lemieux (2001). Their preferred estimates of 1/θ for the United

States over the period 1970-1995 (as reported in their Table III, columns (1) and (2)) are between 0.2 and

0.26, thus implying a value of θ between 4 and 5. Borjas (2003) also produces an estimate of 1/θ. As we do,

he uses immigration as a supply shifter but assumes perfects substitutability between U.S.- and foreign-born

workers. His estimate is equal to 0.288 (with standard error 0.11), consistent with our findings. Recall, however,

that, under the assumption of perfect substitutability between U.S. natives and foreign born (i.e. σ =∞), the
estimated value of −1/θ is a measure of the partial effect of immigrants on native wages within the same
experience group while keeping the aggregate labor input constant (see definition (7)). Such effect is negative

and significant in the previous literature as well as in our estimates, and it isolates the substitution effect of an

inflow of workers on the most similar native workers. As it does not account for the complementarities across

different groups, however, it cannot be used as a measure of the aggregate impact of immigration on native

wages.

Finally, the parameter δ is certainly the most analyzed in the literature. Its key role in identifying the impact

of increased educational attainment (as well as of skill-biased technological change) on wages made it the object

of analysis in Katz and Murphy (1992), through Angrist (1995), Murphy et al (1998), Krusell et al (2000) and

the recent work by Ciccone and Peri (2005). The estimates for that parameter range between 1.4 and 2. In

particular, using national U.S. data from 1963 to 1987, Katz and Murphy (1992) obtain a value of 1.41. Using

data from U.S. states from 1950 to 1990, Ciccone and Peri (2005) find a value of 1.5. Since our estimates of 1/δ

fall between 0.4 and 0.5, they imply a δ in the vicinity of 2, which is consistent with previous estimates. We
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use θ = 4 and δ = 2 as reference values in the next section, then provide robustness checks using 3 < θ < 4 and

1.5 < δ < 2, thereafter.

5 Total Effects of Immigration on Wages

With the estimated parameters at hand we can use (8) and (9) to calculate the total effect of immigration on

wages. First we calculate the effect of the immigration during the most recent available decade (1990-2000) using

the baseline estimates for our parameters. Then we show the sensitivity of our results to different parameter

choices and we evaluate the impact of immigration in previous decades and over the two decade period between

1980 and 2000.

5.1 Calculated Effects, 1990-2000

The period 1990-2000 witnessed an inflow of foreign-born workers equal to 5.2% of the initial total em-

ployment in 1990. Therefore, using the notation established in Section 3.2, the value of ∆F1990/L1990 was

5.2%. The distribution across educational groups of this inflow was as follows: ∆FHSD,1990/L1990 = 2.3%,

∆FHSG,1990/L1990 = 1.0%, ∆FCOD,1990/L1990 = 0.7% and ∆FCOG,1990/L1990 = 1.2%. It is evident that, both

in absolute terms and, much more, in relative terms, the two extreme groups received a larger share of immi-

grants. In its first to fourth rows, Table 8 shows the calculated percentage changes of (real) wages for each

group of native workers due to such an inflow.11 The last row reports the effect of immigration on the overall

average wage of natives. Specifications from 1 to 6 adopt the assumptions and the estimates presented in the

previous sections. In particular, Specifications from 1 to 3 use the same value σ of the elasticity of substitution

between U.S.- and foreign-born workers for all educational groups. Specification 1 uses the median estimate of

σ from the first rows of Tables 4 and 5, while Specification 2 uses a relatively high estimate of σ (obtained as

the median estimate plus one median standard deviation of the estimates) and Specification 3 uses a relatively

low one (obtained as the median estimate minus one median standard deviation of the estimates). Similarly,

Specifications from 4 to 6 use the estimates from Tables 4 and 5 that allow σk to differ across education group.

Specification 4 uses the median estimates, while Specifications 5 and 6 use high or low estimates (one median

standard deviation above or below the median). The values of the parameters δ and θ are chosen to be equal to

their reference values of 2 and 4, respectively. Specification 7 and 8 are included for comparison. In Specifica-

tion 7, we assume that U.S.- and foreign-born workers are perfect substitutes in each group (σ =∞). Finally,
Specification 8 assumes not only that perfect substitutability exists between U.S.- and foreign-born workers,

11Our model gives predictions for the effect on wages of each education-by-experience group. In the tables we averaged these
effects within education groups to present the results more compactly.
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but also that the stock of capital in the economy is fixed, rather than responding to changes in its return.12

Both assumptions were rejected on several accounts in this study. They are, however, the standard ones in the

literature and hence are used as benchmarks.

Let us focus, first, on Specifications from 1 to 6 starting with Specifications 1 and 4 as these are based on

our most preferred parameter estimates. Remarkably the overall average real wage of natives receives a positive

effect between 1.1% and 1.2% from immigration. Even more remarkably, all workers with at least a high school

degree (who accounted for 88% of native labor force in 2000) gain, sometimes as much as 1.6% of their initial

real wage. The group of native workers without a high school degree loses between 1.2% and 1.7% of its real

wage. Indeed, for any of the values of σk within the range of reasonable estimates (see Specifications 2, 3, 5 and

6) our model predicts a significant average wage gain for natives. Such gains range from 0.9% to 1.6%. Again,

all groups with at least a high school degree gain and, when the lowest elasticity estimates are considered, some

groups gain as much as 1.8%. The group of high school dropouts generally loses. In the worst-case scenario

(Specification 2) it loses as much as 2.4% of its initial wage, while in the best-case scenario (Specification 6) its

wage is virtually unchanged. The overall results are quite striking: the vast majority of workers (88% of total

native employment) gained significantly from immigration, often around 1.5% of the initial value of their wage;

the overall average wage of natives increased by around 1%; only the minority of natives without high school

degree (12% of total native employment) lost at most 2.4% of their wage but more likely close to 1.5%.

What is, perhaps, most remarkable is the comparison of these effects with those obtained in Specifications 7

and 8, which employ the oft-used assumptions of fixed capital and perfect substitutability between native and

foreign-born workers. Specification 8 shows that, under both of those assumptions, the effect of immigration

on the average wage is substantial and negative (−1.3%). Each schooling group experiences a wage loss and a
native worker without a high school degree loses a whopping 7% of her initial wage. Clearly, as immigration

increases labor supply, the assumption of fixed capital penalizes all workers, while the relative distribution of

immigrants, not mitigated by their imperfect substitutability for natives, results in the very negative effect on

the wage of workers with low educational levels. Specification 7 clarifies to what extent the two assumptions

of fixed physical capital and perfect native-immigrant substitutability contribute to the very large differences

between Specifications 1 and 8. It shows that, when physical capital adjusts endogenously but U.S.- and foreign-

born are perfectly substitutable, the overall effect of immigration on the average wage is almost null (exactly

half way between the negative 1.3% of Specification 8 and the positive 1.2% of Specification 1). The effects on

workers with at least a high school degree are positive, falling between 0.5% and 1.1%, but smaller than the

value 1.5% in Specification 1. With respect to 7% obtained in Specification 8, the loss of high school dropouts

is reduced to 5.5% but it is still much larger than the 1.7% loss in Specification 1. To summarize, about half of

12The formulas needed to calculate the effect of immigration on wages under the assumption of a fixed capital stock are reported
in Appendix B.
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the difference between Specifications 1 and 8 is due to capital adjustment (incorporated in Specification 7) and

the remaining half is due to the complementarity effects between U.S.- and foreign-born workers.

5.2 Robustness Checks and Alternative Periods

Table 9 shows some checks of the robustness (stability) of our calculated effects when we change the values of

the parameters δ and θ. As the literature generally finds δ in the range 1.5 to 2, we use δ = 1.5 in Specifications

from 4 to 9. On the other hand, as our estimates of θ were mostly in the range between 3 and 4, we present

the calculations for θ = 3 in Specifications from 1 to 6. Columns 1, 4 and 7 use the median estimates for the

constrained parameter σ, while columns 2, 5 and 8 use the median estimates of the unconstrained parameters

σk. For comparison, we also report the effects calculated for σ =∞ in columns 3, 6 and 9. The positive effect

of immigration on the average wage of natives as well as the large differences between the estimated scenario

and the one with σ = ∞ are typical of all specifications and very robust to the choice of δ and θ. While a

value of θ equal to 3 has only very marginal effects, the specifications using δ = 1.5 exacerbates the disparity of

effects between the groups (now high school dropouts lose 3.5% of their wage, while high school graduates and

more educated workers gain between 1.6% and 1.9% using the median estimates of σk). However, even in this

case, imperfect substitutability between native and foreign-born workers mitigates the wage dispersion effect of

immigration, which with perfect substitutability makes the lowest education group lose 7.4% and the group of

college dropouts gain 1.4% of their initial wages. Thus, in all cases, accounting for complementarities not only

generates a positive significant average effect but also reduces the adverse wage-dispersion effect.

Finally, Table 10 shows the calculated effects of immigration using the median parameter estimates over the

decades before the 1990’s (1970-80 and 1980-90) as well as the overall effect for the 1980-2000 period. As our

model accounts for capital adjustment in the long run, we can extend our calculations to longer time intervals

with more reliability than the existing literature. Specifications from 1 to 4 show that, from 1970 to 1990,

when, relative to the U.S. population, the inflow of immigrants was less biased towards high school dropouts,

the within-group complementarity effect prevailed for all educational groups, so the effect of immigration is

positive for each of them. However, since the percentages of immigrants were smaller, the average wage effects

(as well as the effect on groups with more than high school education) were much smaller than in the 1990’s:

0.6-0.7% rather then 1.2-1.3%. Turning to the last two decades taken as a whole (1980-2000), the overall inflow

of immigrants was equal to 9.1% of the 1980 employment, Specifications 5 and 6 reveal that the corresponding

effects are quite large. In particular, high school dropouts did not suffer any notable gain or loss in wages

(0.2%); college dropouts gained 1.2% in real wage; high school graduates and college graduates gained about

2.5%. The overall average wage effect on native workers amounted to a positive 2%. This is quite a reversal

from the previous literature that, during the same 1980-2000 period, reported a loss in native wages close to
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3% of their real value (Borjas, 2003).

6 Conclusions

Immigration has complex economic and social implications on the host country. It may provide material costs

and benefits for the native residents as well as psychological costs and benefits. Hardly any area of economic

activity (from labor markets to the demand for consumption goods and services, from tax flows to the use of

public goods) is left unaffected by the inflow of foreign workers.

An area in which economists have long been trying to provide theory and evidence is the measurement of

the impact of immigrants on the productivity and the wages of native workers. The consensus view is that

immigration has a negative impact on the real wages of native workers. This view is based on a model of

demand for a homogeneous labor input holding all other inputs, such as physical capital, constant. We have

argued that such a modeling strategy is reductive in two main respects. First, immigrants and natives differ

in terms of skills, formal education, work experience and, additionally, innate and culture-specific abilities.

This can be accounted for only by treating labor as a differentiated input. Second, no matter whether labor is

homogeneous or differentiated, immigration increases labor supply. This raises the real return to physical capital,

thus triggering its accumulation. We have shown that, after accounting for immigrant diversity and endogenous

capital accumulation, the effects of immigration on the average wages of natives indeed turn positive and large.

We take this result as strong encouragement for the careful modelling of diversity and complementarity among

productive factors to fully account for the effects of immigration on the receiving economy.
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A Appendix: Partial Effects of Supply on Wages

The total effect of immigrants on the wages of natives in group k, j, as calculated in (8), is the combination of

three types of effects. The first is the impact of foreign workers in the same education and experience group k, j on

the wages of natives in the same group. This effect is obtained by differentiating (6) with respect to ln(Fkj) and

expressing the results in terms of the percentage changes in the wage of group k, j (∆ lnwHkj = ∆wHkj/wHkj)

that results from a percentage change of the share of foreign-born in the total employment of the same group

(∆Fkj/Lkj = ∆Fkj/Fkj ∗ Fkj/Lkj = ∆ ln(Fkj) ∗ Fkj/Lkj):
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The second type of effects is given by the impact of foreign-born workers in a different experience group

i 6= j and the same education group k. Differentiating (6) with respect to ln(Fki) we obtain:

∆wHkjt/wHkjt

∆Fkit/Lkit
=

∙
1

δ
+

µ
1

θ
− 1

δ

¶µ
1

skt

¶¸
sFkjt
κFkjt

κkjt (18)

The third and last type of effects is given by the impact of foreign-born workers in a different education

group m 6= k, whatever their experience group: Differentiating (6) with respect to ln(Fmit) we obtain:

∆wHkjt/wHkjt

∆Fmit/Lmit
=
1

δ

sFkjt
κFkjt

κkjt (19)

One can then easily combine the above effects to obtain the expression (8) reported in the text.

B Appendix: Elasticities assuming fixed physical capital

If we assume constant physical capital in response to immigration (K = K), the expression of the wage of the

domestic workers of experience j and education k is the following:
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(20)

Hence the partial effect of a change in the supply of foreign-born workers in the experience-education cell k, j

on wages of natives in the same group, keeping fCt and Ckt fixed, is:
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while the total effect of immigration on wages of domestic workers in cell j, k is:

εtotalkjt =
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Tables and Figures 
 
 

Table 1 
 

Year Percentage of Foreign-
Born in U.S. Employment 

Source 

1970 2.6% Census (IPUMS) 
1980 4.5% Census (IPUMS) 
1990 7.5% Census (IPUMS) 
2000 11.6% Census (IPUMS) 
2003 13.2% CPS (IPUMS) 

 
Notes: Employment is defined as people working at least one hour in the previous 
week and one week in the previous year between 17 and 65 years of age. 
Census(IPUMS)= Integrated Public Use Microdata from the US Census, Ruggles et 
al (2005)  
CPS (IPUMS)= March Rotation of the Current Population Survey, integrated with 
Census data, Ruggles et al. (2005). 

 
 
 

 
Table 2 

 
Year Average Yearly Change in 

Foreign-Born as 
Percentage of Initial 
Employment 

Change in Percentage 
Points of the Real Interest 
Rate During the Decade  

1960's -0.29% -1.96
1970's 0.25% -2.2
1980's 0.30% +5.86
1990's 0.51% +0.62

 
Notes: The data on the real interest rate are calculated as the nominal rates on 6-
month treasury bonds, net of realized inflation. 
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Table 3 

Index of Congruence in the choice of Occupations, by schooling and experience,  
Census 2000 

 
 

3A: High School Dropouts 
Index of 

Congruence 
Foreign, 

Same 
experience 

Natives  
0-10 

Natives 
10-20 

Natives 
20-30 

Natives 
30-40 

Natives, 0-10 0.52 1    
Natives, 10-20 0.72 0.47 1   
Natives, 20-30 0.70 0.40 0.93 1  
Natives, 30-40 0.74 0.35 0.83 0.92 1 

Average 0.67 0.66 
 

3B: High School Graduates 
Index of 

Congruence 
Foreign, 

Same 
experience 

Natives  
0-10 

Natives 
10-20 

Natives 
20-30 

Natives 
30-40 

Natives, 0-10 0.73 1    
Natives,10-20 0.64 0.76 1   
Natives,20-30 0.52 0.37 0.92 1  
Natives,30-40 0.50 0.40 0.77 0.90 1 

Average 0.60 0.68 
 

3C: College Dropouts 
Index of 

Congruence 
Foreign, 

Same 
experience 

Natives  
0-10 

Natives 
10-20 

Natives 
20-30 

Natives 
30-40 

Natives, 0-10 0.72 1    
Natives,10-20 0.60 0.60 1   
Natives,20-30 0.50 0.35 0.69 1  
Natives,30-40 0.60 0.23 0.86 0.87 1 

Average 0.60 0.60 
 

3D: College Graduates 
Index of 

Congruence 
Foreign, 

Same 
experience 

Natives  
0-10 

Natives 
10-20 

Natives 
20-30 

Natives 
30-40 

Natives, 0-10 0.55 1    
Natives,10-20 0.65 0.89 1   
Natives,20-30 0.55 0.80 0.90 1  
Natives,30-40 0.57 0.70 0.82 0.94 1 

Average 0.58 0.85 
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Table 4 
Relative U.S.-Foreign-Born Wage Elasticity in the Same Education-Experience Cell 

 
 Male, Weekly Wages All Workers Yearly Wages Unweighted 

Specification 1 2 3 4 5 6 7 8 9 
Method of 
Estimation 

OLS IV (all) IV (new) IV (all) IV (new) IV (all) IV (new) IV (all) IV (new) 

Constrained  σ/1  across schooling groups 
σ/1  0.18** 

(0.04) 
0.25** 
(0.07) 

0.28** 
(0.09) 

0.22** 
(0.06) 

0.23** 
(0.06) 

0.45** 
(0.10) 

0.42** 
(0.13) 

0.18** 
(0.08) 

0.24** 
(0.11) 

Unconstrained  kσ/1  Across Schooling Groups 

HSDσ/1  0.18** 
(0.04) 

0.20** 
(0.08) 

0.28* 
(0.15) 

0.20** 
(0.08) 

0.16 
(0.11) 

0.37** 
(0.11) 

0.11 
(0.20) 

0.10 
(0.07) 

0.20* 
(0.11) 

HSGσ/1  0.12** 
(0.05) 

0.12 
(0.08) 

0.13 
(0.16) 

0.15 
(0.08) 

0.06 
(0.11) 

0.27** 
(0.12) 

0.06 
(0.24) 

0.03 
(0.07) 

0.06 
(0.15) 

CODσ/1  0.13** 
(0.05) 

0.12 
(0.07) 

0.18 
(0.20) 

0.11 
(0.07) 

0.06 
(0.05) 

0.30** 
(0.10) 

0.01 
(0.33) 

0.01 
(0.07) 

0.11 
(0.16) 

COGσ/1  0.20** 
(0.03) 

0.20** 
(0.06) 

0.32** 
(0.16) 

0.23** 
(0.06) 

0.19* 
(0.10) 

0.40** 
(0.08) 

0.41 
(0.30) 

0.13* 
(0.06) 

0.24** 
(0.12) 

First Stage Regressions, Constrained estimation 
ln(1/Fkjn) n.a. 0.35** 

(0.10) 
0.32** 
(0.10) 

0.37** 
(0.10) 

0.37* 
(0.10) 

0.35** 
(0.10) 

0.32** 
(0.10) 

0.27* 
(0.07) 

0.27* 
(0.09) 

F-test of 
Exclusion 

n.a. 11.2 
(p=0.001) 

9.6 
(p=0.003) 

13 
(p=0.001) 

13 
(p=0.001) 

11.2 
(p=0.001) 

9.6 
(p=0.003) 

12.1 
(0.001) 

9.9 
(0.002) 

Observations 160 160 128 160 128 160 128 160 128 
 

Notes: Period 1960-2000, decennial censuses. New immigrants only available for the period 1970-2000. 
Dependent variable: ln(wHkjt/wFkjt), explanatory variable ln(Hkjt/Fkjt). All regressions include education by year and experience by year fixed effects. 
IV(all) estimation using ln(1/Fkj) as instrument for ln(Hkj/Fkj), where Fkj is the number of foreign-born employed in educational group k and experience 
group j, and Hkj is the number of U.S.-born employed in educational group k and experience group j. 
IV(new) estimation using ln(1/ Fnew

kj) as instrument for ln(Hkj/ Fnew
kj), where Fnew

kj is the number of foreign-born employed in educational group k and 
experience group j, and immigrated to the U.S. during the previous 10 years. 
Weight: Cell size in employment terms.  
Heteroskedasticity-robust standard errors, clustered by education-experience cells. 



 34

Table 5 
Relative U.S.-Foreign-Born Wage elasticity in the Same Education-Experience Cell,  

Young Workers Only (Experience Less Than 20 Years) 
 

 Male, Weekly Wages All Workers Yearly Wages Unweighted 
Specification 1 2 3 4 5 6 7 8 9 

Method of 
Estimation 

OLS IV (all) IV (new) IV (all) IV (new) IV (all) IV (new) IV (all) IV (new) 

Constrained  σ/1  Across Schooling Groups 

kσ/1  0.27** 
(0.03) 

0.30** 
(0.05) 

0.22** 
(0.06) 

0.28** 
(0.04) 

0.21** 
(0.06) 

0.39** 
(0.07) 

0.26** 
(0.09) 

0.29** 
(0.04) 

0.25** 
(0.05) 

Unconstrained  kσ/1  Across Schooling Groups 

HSDσ/1  0.30** 
(0.04) 

0.24** 
(0.08) 

0.33** 
(0.05) 

0.25** 
(0.08) 

0.33** 
(0.04) 

0.43** 
(0.08) 

0.50** 
(0.22) 

0.25** 
(0.08) 

0.33** 
(0.04) 

HSGσ/1  0.05 
(0.06) 

0.07 
(0.05) 

0.18 
(0.20) 

0.05 
(0.10) 

0.06 
(0.10) 

0.05 
(0.05) 

0.07 
(0.32) 

0.06** 
(0.03) 

0.12 
(0.20) 

CODσ/1  0.03 
(0.06) 

0.07 
(0.06) 

0.10 
(0.10) 

0.04 
(0.10) 

-0.08 
(0.20) 

0.21* 
(0.12) 

0.13 
(0.22) 

0.14** 
(0.07) 

0.32 
(0.17) 

COGσ/1  0.25** 
(0.07) 

0.32** 
(0.12) 

0.28** 
(0.10) 

0.21** 
(0.08) 

0.20** 
(.08) 

0.21* 
(0.11) 

0.20** 
(0.10) 

0.38** 
(0.13) 

0.29** 
(0.08) 

First Stage Regressions, Constrained Estimation 
ln(1/Fkjn) n.a. 0.98** 

(0.19) 
0.82** 
(0.17) 

1.29** 
(0.28) 

1.01** 
(0.24) 

0.98** 
(0.19) 

0.82** 
(0.17) 

0.93** 
(0.16) 

0.89** 
(0.17) 

F-test of 
Exclusion 

n.a. 25.3 
(p=0.000) 

23.1 
(p=0.000) 

20.3 
(p=0.000) 

17.5 
(p=0.000) 

25.3 
(p=0.000) 

23.1 
(p=0.000) 

33.4 
(p=0.000) 

28.0 
(p=0.000) 

Observations 80 80 64 80 64 80 64 80 64 
 

Notes: period 1960-2000, decennial censuses. New immigrants only available for the period 1970-2000. 
Dependent variable: ln(wHkjt/wFkjt), explanatory variable ln(Hkjt/Fkjt). All regressions include education by year and experience by year fixed effects. 
IV(all) estimation using ln(1/Fkj) as instrument for ln(Hkj/Fkj), where Fkj is the number of foreign-born employed in educational group k and experience 
group j, and Hkj is the number of U.S.-born employed in educational group k and experience group j. 
IV(new) estimation using ln(1/ Fnew

kj) as instrument for ln(Hkj/Fkj), where Fnew
kj is the number of foreign-born employed in educational group k and 

experience group j, and immigrated to the U.S. during the previous 10 years . 
Weight: Cell size in employment terms. Heteroskedasticity-robust standard errors, clustered by education-experience cells. 
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Table 6 
Estimates of θ/1  Relative Wage Elasticity Across Experience Cells 

 
 CES Foreign-U.S.- 

born ( 3== σσ k ),  
CES Foreign- U.S.-
born ( 4== σσ k )  

CES Foreign- U.S.-born 
( 5== σσ k )  

 

Simple Sum Foreign- 
U.S.-born 

( ∞== σσ k ) 
Specification 1 2 3 4 5 6 7 8 

Sample: Males All 
Workers 

Males All 
Workers 

Males All 
Workers 

Males All 
Workers 

Weekly 
Wages 

0.29** 
(0.08) 

0.20** 
(0.05) 

0.30** 
(0.07) 

0.21** 
(0.05) 

0.28** 
(0.07) 

0.25** 
(0.05) 

0.25** 
(0.06) 

0.20** 
(0.04) 

Yearly 
Wages 

0.27** 
(0.09) 

0.20** 
(0.07) 

0.27** 
(0.09) 

0.21** 
(0.06) 

0.24** 
(0.09) 

0.21** 
(0.06) 

0.23** 
(0.06) 

0.20** 
(0.03) 

Hourly 
Wages 

0.34** 
(0.06) 

0.22** 
(0.04) 

0.34** 
(0.06) 

0.23** 
(0.04) 

0.34** 
(0.06) 

0.23** 
(0.04) 

0.31** 
(0.08) 

0.23** 
(0.03) 

Not weighted 0.30** 
(0.07) 

0.22** 
(0.05) 

0.30** 
(0.07) 

0.22** 
(0.05) 

0.30** 
(0.06) 

0.22** 
(0.05) 

0.24** 
(0.06) 

0.20** 
(0.04) 

Observations  128 128 128 128 128 128 128 128 
 

Notes: Estimates obtained from equation (13) in the text. Dependent variable ln(Wkjt), natural logarithm of the total wage of 
workers (U.S.- and foreign-born) in the k, j group. Explanatory variable ln(Ckjt), constructed as described in the text. Method of 
estimation: instrumental variable with ln(Fnew

kjt) as instrument for ln(Ckjt). All regressions include education by experience and 
education by year fixed effects. 
Weight: Cell size in employment terms, except penultimate row (unweighted). 
Heteroskedasticity-robust standard errors, clustered by education-experience cells. 
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Table 7 

Estimates of δ/1  Relative Wage Elasticity Across Education Cells 
 
 

δ/1  CES Foreign- U.S.-born 
( 5== σσ k ) 

CES Foreign- U.S.-born 
( 3== σσ k )  

Specification 1 2 3 4 
Sample: Males All Workers Males All Workers 

Instruments: 
All Foreign-Born 

Simple sum of experience 
groups, ∞=θ  

0.42** 
(0.14) 

0.55** 
(0.16) 

0.40** 
(0.16) 

0.54** 
(0.17) 

CES experience groups 4=θ  0.31** 
(0.12) 

0.46** 
(0.15) 

0.33** 
(0.12) 

0.46** 
(0.15) 

CES experience groups 3=θ  0.41** 
(0.15) 

0.45** 
(0.14) 

0.41** 
(0.14) 

0.46** 
(0.14) 

Instruments:  
Recently Immigrated 

Simple sum of experience 
groups, ∞=θ  

0.43** 
(0.15) 

0.57** 
(0.17) 

0.41** 
(0.14) 

0.56** 
(0.17) 

CES experience groups 4=θ  0.32** 
(0.13) 

0.45** 
(0.15) 

0.34** 
(0.12) 

0.45** 
(0.15) 

CES experience groups 3=θ  0.37** 
(0.14) 

0.42** 
(0.15) 

0.40** 
(0.14) 

0.47** 
(0.14) 

 
Notes: Estimates obtained from equation (15) in the text. Dependent variable ln(Wkt), natural logarithm of the total 
wage of workers (U.S.- and foreign-born) in the k educational group. Explanatory variable ln(Ckt), constructed as 
described in the text.  Total number of observations: 16. 
Method of estimation: instrumental variable, using ln(Fkt) as instruments for ln(Ckt) in rows 1-3 and ln(Fnew

kt) as 
instruments for ln(Ckt) in rows 4-6. All regressions include time fixed effects and education-specific time trends.   
Weight: Cell size in employment terms. 
Heteroskedasticity-robust standard errors. 
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Table 8 
Calculated Effects on Wages of Domestic Workers of Immigrants Inflows, 1990-2000 

 

 
Notes: Total inflow of foreign born in the decade 1990-2000 is equal to 5.2% of 1990 employment. This is obtained considering employed between 17 
and 65 years of age with less than 40 years of potential experience. 
The distribution of immigrants across educational groups is ΔFHSD/L=2.3%,  ΔFHSG/L=1.0%, ΔFCOD/L=0.7%, ΔFCOG/L=1.2%. 
The values of the elasticities δ and θ are equal to their “focal” estimated values:  δ=2, θ=4. 

 
 

Assumptions: Endogenous Capital,  
Estimated Elasticity Between U.S.- 

Foreign-Born, σ  
Constrained to be Equal Across 

Education Groups 

Endogenous Capital,  
Estimated Elasticity Between U.S.- 

Foreign-Born, kσ  
Allowed to Vary Across Education 

Groups  

Endogenous 
Capital; Perfect 
Substitutability 
U.S.- Foreign- 

Born  

Fixed Capital;  
Perfect 

Substitutability 
U.S.- Foreign- 

Born 

Specification 1 2 3 4 5 6 7 8 
Estimates of σk Median 

σ=4 
High 
σ=5.2 

Low 
σ=3.2 

Median 
σHSD=3.6 
σHSG=17 
σCOD=10 
σCOG=3.9 

High 
σHSD=4.6 

  σHSG= ∞  
σCOD=28 
σCOG=5.5 

Low 
σHSD=2.9 
σHSG=8.3 
σCOD=5.8 
σCOG=3.2 

σ , imposed = ∞  σ , imposed = ∞  

% change, Wage 
of HS dropouts 

-1.7% -2.4% -0.4% -1.2% -2.2% -0.2% -5.5% -7.0% 

% change, Wage 
of HS graduates 

1.4% 1.2% 1.6% 0.8% 0.7% 1.0% 0.6% -0.7% 

% change, Wage 
of CO dropouts 

1.6% 1.5% 1.7% 1.3% 1.1% 1.4% 1.1% -0.3% 

% change, Wage 
of CO graduates 

1.5% 1.3% 1.8% 1.5% 1.2% 1.7% 0.5% -0.1% 

% Change, 
Average Wage  

1.2% 1.0% 1.6% 1.1% 0.9% 1.3% 0.1% -1.3% 
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Table 9 
Robustness Checks of the Effects on Wages of Domestic Workers of Immigrants Inflows, 1990-2000 

 

 
Notes: Total inflow of foreign born is equal to 5.2% of 1990 employment. This is obtained considering employed between 17 and 65 years of age with 
less than 40 years of potential experience.  
The distribution of immigrants across educational groups is ΔFHSD/L=2.3%,  ΔFHSG/L=1.0%, ΔFCOD/L=0.7%, ΔFCOG/L=1.2%. 
 
 
 
 
 
 
 
 

Specification 1 2 3 4 5 6 7 8 9 
Values of δ, θ δ=2, θ=3 δ=1.5, θ=3 δ=1.5, θ=4 
Values of σk σ=4 σHSD=3.6 

σHSG=17 
σCOD=10 
σCOG=3.9 

σ= ∞  σ=4 σHSD=3.6 
σHSG=17 
σCOD=10 
σCOG=3.9 

σ= ∞  σ=4 σHSD=3.6 
σHSG=17 
σCOD=10 
σCOG=3.9 

σ= ∞  

% change, Wage 
of HS dropouts 

-1.7% -1.3% -5.6% -3.5% -3.1% -7.4% -3.5% -3.0% -7.3% 

% change, Wage 
of HS graduates 

1.4% 0.8% 0.7% 1.6% 1.0% 0.8% 1.5% 1.0% 0.8% 

% change, Wage 
of CO dropouts 

1.6% 1.3% 1.1% 1.9% 1.6% 1.4% 1.9% 1.6% 1.4% 

% change, Wage 
of CO graduates 

1.5% 1.6% 0.5% 1.7% 1.7% 0.7% 1.6% 1.6% 0.6% 

% Change, 
Average Wage  

1.2% 1.15% 0.1% 1.3% 1.2% 0.2% 1.3% 1.2% 0.2% 
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Table 10 
Effects on wages of Domestic Workers of Immigrants:  

Inflows Relative to the 1970-2000 Period 
 

 
Note: Total inflow of foreign born as follows: 
1970-1980 equal to 2.5% of 1970 employment, distributed as follows: 
ΔFHSD/L=0.9%,ΔFHSG/L=0.6%, ΔFCOD/L=0.5%, ΔFCOG/L=0.5%..  
1980-1990 equal to 3.0% of 1980 employment, distributed as follows:     
ΔFHSD/L =1.2%,  ΔFHSG/L =0.4%, ΔFCOD/L =0.7%, ΔFCOG/L =0.7%. 
1980-2000 equal to 9.1% of 1980 employment, distributed as follows:     
ΔFHSD/L =4.0%,  ΔFHSG/L =1.6%, ΔFCOD/L =1.5%, ΔFCOG/L =2.0%. 
1970-2000 equal to 15% of 1970 employment, distributed as follows:     
ΔFHSD/L =6.3%,  ΔFHSG/L =2.8%, ΔFCOD/L =2.5%, ΔFCOG/L =3.3%. 
The values of the other elasticities are equal to the median estimated values:  δ=2, θ=4. 

Period 1970-1980 1980-1990 1980-2000 
Specification 1 2 3 4 5 6 

Estimates of σk σ=4 σHSD=3.6 
σHSG=17 
σCOD=10 
σCOG=3.9 

σ=4 σHSD=3.6 
σHSG=17 
σCOD=10 
σCOG=3.9 

σ=4 σHSD=3.6 
σHSG=17 
σCOD=10 
σCOG=3.9 

% change, Wage of HS Dropouts 0.6% 0.6% 0.0% 0.2% -0.4% 0.2% 
% change, Wage of HS Graduates 0.8% 0.5% 1.1% 0.9% 3.2% 2.5% 
% change, Wage of CO Dropouts 0.4% 0.1% 0.5% 0.0% 2.3% 1.2% 
% change, Wage of CO Graduates 0.5% 0.5% 0.7% 0.7% 2.3% 2.4% 

% change, Average Wage  0.6% 0.5% 0.7% 0.6% 2.2% 2.0% 
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Figure 1 

Real interest rate (FED and BLS)
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Figure 2 
Share of Foreign born employment by schooling group, 2000
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Figure 3 

Distribution of US-born employed by schooling group, 2000

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

High school
Dropouts

High school
Graduates

College Dropouts College Graduates Masters and
professional

Degrees

PHD's PHD's working in
Science, Math and

Engineering

Group

sh
ar

e 
of

 to
ta

l n
at

iv
e 

em
pl

oy
m

en
t

US-born in the group as share of US-born
employed

 

Average 10.5% 



 42

 
 
 
 
 
 
 
 
 

Figure 4 
New immigrants as share of employment by Experience Group
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