Tradability and the Labor-Market Impact of

Immigration: Theory and Evidence from the U.S.*

Ariel Burstein Gordon Hanson Lin Tian Jonathan Vogel
UCLA UC San Diego INSEAD UCLA

November 2018

Abstract

In this paper, we study how occupation (or industry) tradability shapes local labor-
market adjustment to immigration. Theoretically, we derive a simple condition under
which the arrival of foreign-born labor into a region crowds native-born workers out
of (or into) immigrant-intensive jobs, thus lowering (or raising) relative wages in these
occupations, and explain why this process differs within tradable versus within nontrad-
able activities. Using data for U.S. commuting zones over the period 1980 to 2012, we
find—consistent with our theory—that a local influx of immigrants crowds out employ-
ment of native-born workers in more relative to less immigrant-intensive nontradable
jobs, but has no such effect across tradable occupations. Further analysis of occupation
labor payments is consistent with adjustment to immigration within tradables occurring
more through changes in output (versus changes in prices) when compared to adjust-
ment within nontradables, thereby confirming our model’s theoretical mechanism. We
then use the model to explore the quantitative consequences of counterfactual changes
in U.S. immigration on real wages at the occupation and region level.
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1 Introduction

How do the labor markets impacts of immigration differ across workers within an economy?
The literature has alternatively treated such impacts as varying at the national level accord-
ing to a worker’s skill level (e.g., Borjas, 2003; Ottaviano and Peri, 2012), at the regional
level according to the attractiveness of a worker’s local labor market to arriving immigrants
(e.g., Altonji and Card, 1991; Card, 2001), at the sectoral level depending on whether or
not a worker produces tradable manufactured goods or nontradable services (e.g., Dustmann
and Glitz, 2015), and at the occupational level depending on whether or not requirements
in a worker’s job (e.g., language, manual labor, math aptitude) are relatively favorable or
disfavorable to the foreign-born (Peri and Sparber, 2009; Hunt and Gauthier-Loiselle, 2010).
Although we now know that impacts vary by skill, region, sector, and occupation, we know
little about how effects across these dimensions interact to determine the employment and
wage responses of native workers to an inflow of immigrants.

In this paper, we present theoretical analysis and empirical evidence showing how varia-
tion within regions in the tradability and foreign-labor-employment intensity of occupations,
and across regions in the exposure to immigrant inflows, shape how immigration affects
native-born workers. To preview our approach, we consider the impact of an inflow of
foreign-born labor in a U.S. region on employment and wages of U.S. native-born workers
across more relative to less immigrant-intensive occupations, and examine how adjustment
to labor inflows differs according to the tradability of occupations. Although textile produc-
tion and housekeeping, for instance, are each intensive in immigrant labor, textile factories
can absorb increased labor supplies by expanding exports to other regions (with small cor-
responding price reductions) in a way that housekeepers cannot. We derive a theoretical
condition under which the arrival of foreign-born labor crowds native-born workers into or
out of immigrant-intensive jobs and explain why this process differs within the sets of trad-
able tasks (e.g., textiles) and nontradable tasks (e.g., housekeeping). Empirically, we find
support for our model’s implications using cross-region and cross-occupation variation in
changes in labor allocations, total labor payments, and wages for the U.S. between 1980 and
2012. Finally, we use our empirical estimates to calibrate our model in order to conduct
counterfactual exercises that quantitatively examine the impact of changes in immigration
on real wages both across occupations within regions and across regions.

Our model has three main ingredients. First, each occupation is produced using immi-
grant and native labor, where the two types of workers differ in their relative productivities
across occupations and are imperfectly substitutable within occupations. Second, heteroge-
neous workers select occupations (Roy, 1951), creating upward-sloping labor-supply curves.
Third, the elasticity of demand facing a region’s occupation output with respect to its local
price differs endogenously between more- and less-traded occupations. In this framework,
the response of occupational wages and employment to immigration is shaped by two elastic-
ities: the elasticity of local occupation output to local prices and the elasticity of substitution
between native and immigrant labor within an occupation. When the elasticity of local oc-
cupation output to local prices is low, the ratio of outputs across occupations is relatively
insensitive to an inflow of immigrants. Factors reallocate away from immigrant-intensive
occupations, in which case foreign-born arrivals crowd the native-born out of these lines of
work. By contrast, low immigrant-native substitutability results in crowding in. Because



factor proportions within occupations are insensitive to changes in factor supplies, mar-
ket clearing requires that factors reallocate towards immigrant-intensive jobs.! In general,
native-born workers are crowded out by an inflow of immigrants if and only if the elasticity
of substitution between native and immigrant labor within each occupation is greater than
the elasticity of local occupation output to local prices. Because each occupation faces an
upward-sloping labor-supply curve, crowding out (in) is accompanied by a decrease (increase)
in the wages of native workers in relatively immigrant-intensive jobs.

The tradability of output matters in our model because it shapes the elasticity of local
occupation output to local prices. The prices of more-traded occupations are (endogenously)
less sensitive to changes in local output. In response to immigration, the increase in out-
put of immigrant-intensive occupations is larger and the reduction in price is smaller for
tradable than for nontradable tasks. The crowding-out effect of immigration on native-born
workers is systematically weaker (or, similarly, the crowding-in effect is stronger) in trad-
able than in nontradable jobs. Since factor reallocation and wage changes are linked by
upward-sloping occupational-labor-supply curves, an inflow of immigrants causes wages of
more immigrant-intensive occupations to fall by less (or to rise by more) within tradables
than within nontradables. Because these results on greater crowding out of natives by im-
migrants within nontradables (compared to tradables) involve comparisons across native
workers within a region, they do not imply that native workers in immigrant-intensive jobs
within nontradables must lose from immigration.

We provide empirical support for the adjustment mechanisms in our model by estimating
the impact of increases in local immigrant labor supply on the local allocation of domestic
workers across occupations in the U.S. We instrument for immigrant inflows into an oc-
cupation in a local labor market following Card (2001). Using commuting zones to define
local labor markets, measures of occupational tradability from Blinder and Krueger (2013)
and Goos et al. (2014), and data from Ipums over 1980 to 2012, we find that a local influx
of immigrants crowds out employment of U.S. native-born workers in more relative to less
immigrant-intensive occupations within nontradables, but has no such effect within trad-
ables. Additional support for the adjustment mechanism in our framework comes from oc-
cupation total labor payments, which in our model are proportional to occupational revenue.
A regional inflow of foreign labor leads to a larger increase in labor payments for immigrant-
intensive occupations in tradables when compared to nontradables, which is consistent with
tradable occupations adjusting relatively more through changes in local output and nontrad-
able occupations adjusting relatively more through changes in local prices. Analysis of wage
changes in response to immigration provides further support for our mechanism.

The empirical estimates guide parameterization of an extended version of our model,
which allows for geographic labor mobility (Borjas, 2006; Cadena and Kovak, 2016), and

IThis is the classic Rybczynski (1955) effect, derived under the assumption that output prices are exoge-
nously fixed, in which changes in factor supplies draw native labor into expanding sectors thus obviating the
need for changes in wages. Empirical evidence on this mechanism is mixed (see, e.g., Hanson and Slaughter,
2002; Gandal et al., 2004; Gonzalez and Ortega, 2011; and Bratsberg et al., 2017). Card and Lewis (2007),
Lewis (2011), and Dustmann and Glitz (2015) find that absorption of foreign labor tends to occur through
within-industry and within-firm changes in factor intensities rather than through between-industry labor
reallocation. Other work on national specialization patterns is more supportive of Rybczynski (Harrigan,
1995; Bernstein and Weinstein, 2002; Schott, 2003; Romalis, 2004).



relaxes the restrictions (small shocks, small open economy) used to obtain our analytic re-
sults. We conduct counterfactual analyses to demonstrate numerically that our theoretical
results are robust to a range of generalizations and to evaluate how immigration affects re-
gional wages and welfare both across occupations within regions and across regions. In one
exercise, motivated by recent policy proposals, we reduce the number of immigrants from
Latin America, who tend to have low education levels and to cluster in specific U.S. regions.
Unsurprisingly, the average wage of low-education relative to high-education native-born
workers rises by more in high-settlement cities such as Los Angeles than in low-settlement
cities such as Pittsburgh. More distinctively, for both education groups this shock raises
wages for native-born workers in more-exposed nontradable occupations (e.g., housekeeping)
relative to less-exposed nontradable occupations (e.g., firefighting) by much more than for
similarly differentially exposed tradable jobs (e.g., textile-machine operation versus tech-
nical support staff). Regarding welfare impacts, reducing immigration lowers real wages
for native-born workers except in the most immigrant-intensive nontraded jobs in the most-
exposed regions.? In many commuting zones, the within-CZ variation in wage changes across
occupations dwarfs the variation in average wage changes across CZs, which highlights the
new sources of worker exposure to immigration that are elucidated by our framework.

A second counterfactual exercise, in which we double high-skilled immigration, clarifies
how the geography of labor-supply shocks conditions labor-market adjustment. Because the
spatial correlation of changes in occupation labor demand is higher in response to high-skill
immigration than in response to Latin American immigration, adjustment within tradables
more closely resembles adjustment within nontradables in the former case when compared
to the latter case. For the nontradable-tradable distinction in adjustment to be manifest,
regional labor markets must be differentially exposed to a particular shock.

The quantitative analysis also allows us to evaluate alternative explanations for our em-
pirical result on greater immigrant crowding out of natives within tradables relative to within
nontradables. One is that crowding out occurs because immigrant-native substitution elas-
ticities are higher in nontradable occupations than in tradables, rather than because the price
elasticity of output is lower in nontradables than in tradables. If we set the immigrant-native
substitution elasticity to be higher in nontradables than in tradables, there is stronger immi-
grant crowding-out within nontradables than within tradables but there are also counterfac-
tual changes in total labor payments. Other explanations for stronger immigrant crowding
out within nontradables, such as relatively high factor adjustment costs or low supply elastic-
ities in tradables, would have to confront the observation that over time employment shares
change by more across tradable jobs than across nontradable jobs.

Many scholars have considered the interaction between immigration and output tradabil-
ity. Dustmann and Glitz (2015) find that in response to an influx of immigrants, average
native wages fall in nontradables (non-manufacturing) but not in tradables (manufacturing);
Peters (2017) finds that the manufacturing share of employment rises in regions that are more
exposed to refugee inflows in post-World War II Germany.®> While our analysis encompasses
variation in impacts between tradable and nontradable aggregates, this variation is orthogo-

2Also on welfare effects of immigration, see Hong and McLaren (2015), Monras (2015), and Caliendo et
al. (2017).

3Hong and McLaren (2015) find, in contrast, that immigrant inflows in U.S. regions lead to increases in
total native employment, with no consistent difference in response between more and less tradable industries.



nal to the adjustment mechanism on which we focus. Our theory implies that we should com-
pare jobs within tradables—e.g., immigrant-intensive textiles versus non-immigrant-intensive
technical support—and jobs within nontradables—e.g., immigrant-intensive housekeeping
versus non-immigrant-intensive firefighting. We use such within-aggregate comparisons to
validate our model empirically.

In other work on immigration and trade, Ottaviano et al. (2013) examine a partial equi-
librium model of a sector in which firms may hire native and immigrant labor domestically
or offshore production. Freer immigration reduces offshoring and has theoretically ambigu-
ous impacts on native sectoral employment, which empirically they find to be positive. Our
paper characterizes when crowding out (in) occurs in a general equilibrium context, as well
as how native employment and wage impacts differ for more and less tradable jobs.

In line with our prediction for differential crowding out within tradables versus within
nontradables, Cortes (2008) finds that a city-level influx of immigrants reduces the local
prices of six immigrant-intensive non-traded activities while having a small and imprecisely
estimated impact on the prices of tradables, either for those with low or those with high
immigrant employment intensities. Industry case studies further support our framework’s
implications. A local influx of foreign labor crowds out native-born workers in immigrant-
intensive non-traded occupations, including manicurist services (Federman et al., 2006),
construction (Bratsberg and Raaum, 2012), and nursing (Cortes and Pan, 2014). While these
results for nontradables appear to contradict the Ottaviano et al. (2013) finding of immigrant
crowding in of native workers for tradables, our theoretical model is fully consistent with
stronger crowding in for tradables versus stronger crowding out for nontradables, thereby
rationalizing ostensibly discordant evidence on immigrant displacement of natives.

In related work on whether immigrant arrivals crowd out native-born workers on the job,
evidence of displacement effects is mixed (Peri and Sparber, 2011). While higher immigration
occupations or regions do not in general have lower employment rates for native-born workers
(Friedberg, 2001; Card, 2005; Cortes, 2008), affected regions do see lower relative employ-
ment of native-born workers in manual-labor-intensive tasks (Peri and Sparber, 2009). Our
analysis suggests that previous work, by imposing uniform adjustment for sectors that have
similar factor intensities, incompletely characterizes immigration displacement effects. It is
the combination of immigrant intensity and nontradability that predisposes an occupation
to the crowding out of native labor by foreign labor.

Our analytic results on immigrant crowding out of native-born workers are parallel to
theoretical insights on capital deepening in Acemoglu and Guerrieri (2008) and on offshoring
in Grossman and Rossi-Hansberg (2008) and Acemoglu et al. (2015). The former paper, in
addressing growth dynamics, derives a condition for crowding in (out) of the labor-intensive
sector in response to capital deepening in a closed economy; the latter papers demonstrate
that a reduction in offshoring costs has both productivity and price effects, which are closely
related to the forces behind crowding in and crowding out, respectively, in our model. Rela-
tive to these papers, we show that crowding out is weaker where local prices are less responsive
to local output changes, prove that differential output tradability creates differential local
price sensitivity, and provide empirical evidence consistent with these predictions.

Sections 2 and 3 present our benchmark model and comparative statics. Section 4 details
our empirical approach and results on the impact of immigration on the reallocation of native-
born workers, changes in labor payments, and changes in wages for native-born workers.
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Section 5 summarizes our quantitative framework and discusses parameterization, while
Section 6 presents results from counterfactual exercises. Section 7 offers concluding remarks.

2 Model

Our model combines three ingredients. First, following Roy (1951) we allow for occupational
selection by heterogeneous workers, inducing an upward-sloping labor supply curve to each
occupation and differences in wages across occupations within a region. Second, occupational
tasks are tradable, as in Grossman and Rossi-Hansberg (2008), and we incorporate variation
across occupations in tradability, which induces occupational variation in producer price
responsiveness to local output. Third, as in Ottaviano et al. (2013), we allow for imperfect
substitutability within occupations between immigrant and domestic workers.

2.1 Assumptions

There are a finite number of regions, indexed by r € R. Workers are either immigrant (i.e,
foreign born) or domestic (i.e., native born), indexed by k = {I, D}. Workers are further
distinguished by their education level, indexed by e. Within each region there is a continuum
of workers with a given education level, e, and nativity, k, indexed by w € QF , each of whom
inelastically supplies one unit of labor. The measure of QF is N*. Each worker is employed
in one of O occupations, indexed by 0o € ©0.4

Each region produces a non-traded final good combining the services of all occupations,

n

n—1

Y, = Zufo (Ym)nT_1 for all r,
oeO

where Y, is the absorption (and production) of the final good in region r, Y,, is the absorption
of occupation o in region r, and 1 > 0 is the elasticity of substitution between occupations
in the production of the final good. The absorption of occupation o in region r is itself an
aggregator of the services of occupation o across all origins,

at
a—1
Y,, = Z Yo for all r, o,
JER
where Yj,, is the absorption within region r of region j’s output of occupation o and where

a > 1 is the elasticity of substitution between origins for a given occupation.
Occupation o in region r produces output by combining immigrant and domestic labor,

ro—Tro TO"Tro

: o1y
Qro = Aro ((AI LI )Tl + (ADLD)Tl> " for all r, o, (1)

4While we allow occupational choice to respond to immigration, we take worker education as given. Llull
(2017) treats native education as endogenous to immigration. Whereas in the model of this section the
supply of immigrant workers in a region is exogenous, in the empirical and quantitative analysis we allow
it to be endogenous; see Klein and Ventura (2009), Kennan (2013), di Giovanni et al. (2015), Desmet et al.
(Forthcoming), and Caliendo et al. (2017) for models of international migration (which we treat as exogenous
throughout our analysis) based on cross-country wage differences.



where LF is the efficiency units of type k workers employed in occupation o in region r;
A,, and AF are the systematic components of productivity of all workers and of any type k
worker, respectively, in this occupation and region; and p > 0 is the elasticity of substitution
between immigrant and domestic labor within each occupation.’

Let QF  denote the set of type k workers with education e in region r employed in

occupation o, which has measure N*  and must satisfy the labor-market clearing condition

pvf; = jg:: fvf;o'

o€

A worker w € QF, supplies Z% ¢ (w,0) efficiency units of labor if employed in occupation

o and region r, where Z* denotes the systematic component of productivity and & (w, o)
denotes the worker idiosyncratic component of productivity. The measure of efficiency units

of type k workers with education e employed in occupation o within region r is

Teo T€eo

Lk = Z7F / £ (w,0)dw for all e, 0, k.
weNk,

Within each occupation, efficiency units of type k& workers are perfect substitutes across

workers of all education levels.® The measure of efficiency units of type k workers employed

in occupation o within region r is thus given by LF =" LF, .

We assume that each ¢ (w,0) is drawn independently from a Fréchet distribution with
cumulative distribution function G (¢) = exp (—8*(0“)), where a higher value of 6 > 0
decreases the within-worker dispersion of efficiency units across occupations.”

The services of an occupation can be traded between regions subject to iceberg trade
costs, where 7., > 1 is the cost for shipments of occupation o from region r to region j
and we impose 7,,, = 1 for all regions r and occupations o. The quantity of occupation o
produced in region r must equal the sum of absorption (and trade costs) across destinations,

Qro = Y _ TjoYrjo for all 1, 0. (2)
JER

We assume trade is balanced in each region, all markets are perfectly competitive, and
labor is freely mobile across occupations but immobile across regions (an assumption we
relax in Section 5).

5All our results hold if occupation production functions are instead common Cobb-Douglas aggregators
of our labor aggregate in (1) and a composite input.

6Because education groups specialize in different occupations, this assumption—similar to Llull
(2017)—does not imply that immigration leaves the skill premium unchanged for native or immigrant work-
ers. We examine changes in the skill premium in response to alternative changes in the relative supply of
immigrants in the counterfactual exercises presented in Section 6.

"In marrying Roy with Eaton and Kortum (2002), our work relates to analyses on changes in labor-market
outcomes by gender and race (Hsieh et al., 2016), the role of agriculture in cross-country productivity differ-
ences (Lagakos and Waugh, 2013), the consequences of technological change for wage inequality (Burstein et
al., 2016), and regional adjustment to trade shocks (Caliendo et al., 2015; Galle et al., 2015). We assume a
Fréchet distribution because it is convenient to derive our analytic comparative statics and to parameterize
the model in the presence of a large number (50) of occupations. See Adao (2017) for a non-parametric ap-
proach to estimate the distribution of idiosyncratic productivity in a setting in which heterogeneous workers
select over two sectoral employment options.



Four remarks regarding our approach are in order. First, our baseline model abstracts
from variation across occupations in the elasticity of substitution between immigrant and
domestic workers, p, which prevents such variation from being a source of differential ad-
justment to immigration within tradables as compared to within nontradables. In Section
5, we show that assuming a higher value of this elasticity for less traded occupations implies
stronger crowding-out within this group (consistent with our data) but has counterfactual
predictions for how labor payments and prices respond to immigration. Second, the equi-
librium conditions we derive are identical to those for a model in which occupation output
is produced using a continuum of tasks and domestic and immigrant labor are perfect sub-
stitutes (up to a task-specific productivity differential) within each task (see Appendix B).
In this alternative setting, the parameter p controls the extent of comparative advantage
between domestic and immigrant labor across tasks within occupations. Thus, while our
baseline model imposes imperfect substitutability between immigrant and native workers at
the occupation level, it can be grounded in a framework that entails perfect substitutabil-
ity at the task level.® Analogously, the trade elasticity in gravity models has alternative
micro-foundations (see e.g. Arkolakis et al., 2012), which all generate similar aggregate im-
plications. Third, and by extension to the second remark, the equilibrium conditions we
derive are identical to those for a model (e.g. Eaton and Kortum, 2002) in which occu-
pation output is produced using a continuum of varieties and regions’ outputs are perfect
substitutes (up to a variety-specific productivity differential) within each variety. In this
alternative setting, the parameter o controls the extent of comparative advantage across
regions. Fourth, estimates in the literature suggest that the aggregate substitutability of
domestic and immigrant workers (with similar education and experience levels) at the na-
tional level is high (Borjas et al., 2012; Manacorda et al., 2012; Ottaviano and Peri, 2012),
ranging, e.g., from around 10 to 100 in Ottaviano and Peri (2012). Unlike the elasticity of
substitution between immigrant and domestic workers within occupations p, this aggregate
substitution elasticity is not a structural parameter in our model. When we estimate this
reduced-form parameter using data generated by our model, it is roughly twice as high as
the elasticitity of substitution within occupations; see Appendix G.3.

2.2 Equilibrium characterization
Final-good profit maximization in region r implies
y

Pro o
Yo = Hro < P > Y:ra (3)

where )

P = (Z Jiro (Pﬁ’o)l”> B (4)

0O

8In Appendix C we present a further model variation in which imperfect substitutability between immi-
grant and native workers at the occupation level emerges from imperfect substitutability between skilled and
unskilled workers (with perfect substitutability of immigrants and natives within each skill-occupation cell).



denotes the final good price, and where PY denotes the absorption price of occupation o in
region r. Optimal regional sourcing of occupation o in region j implies

Tr'opro -
o= ( i ) v 5
where .
Plh= | D (TroFi0) "] (6)
JER

and where P, denotes the output price of occupation o in region j. Equations (2), (3), and
(5) imply
—« 11—« o—
Qro = (Pm) Z Hjo (TTJ'O) (F)Jyo) ! (PJ)U Y} (7>
jER

Profit maximization in the production of occupation o in region r implies

Pro= 2 ((WLJAL) ™ + (W2/AD) )7 (5)
and o
= (4ot (2] G 9

where W denotes the wage per efficiency unit of type k labor, which is common across
all education groups of type k employed in occupation o within region r» and which we
henceforth refer to as the occupation wage. A change in WF represents the change in the
wage of a type k and education e worker in region r who does not switch occupations (for
fixed labor efficiency units).® Because of self-selection into occupations, W¥ differs from the
average wage of type k workers with education e in region » who are employed in occupation
0, Wage,’feo. In Section 4.5 we use changes in average wages across occupations and across
education cells at the region level to infer indirectly how immigration affects (unobserved)
occupation-level wages.

Worker w € QF chooses to work in the occupation o that maximizes wage income
WEZE ¢ (w,o0). The assumptions on idiosyncratic worker productivity imply that the share
of type k workers in education cell e who choose to work in occupation o within region r,

7k = NE_/NE . is

T€eo reo

k (Zfeowfo)e—’_l

= , (10)
S eo (ZE,WE)

which is increasing in W¥ . Total efficiency units supplied by workers in occupation o is

Teo

Lk, =2k, (x,) 77 NE, (11)

T€eo T€eo

9In response to a decline in an occupation wage, a worker may switch occupations, thus mitigating the
potentially negative impact of immigration on wages, as in Peri and Sparber (2009). However, the envelope
condition implies that given changes in occupation wages, occupation switching does not have first-order
effects on changes in individual wages, which solve max, {Wfo X € (w, 0)}. Because this holds for all workers,
it also holds for the average wage across workers, as can be seen in equation (29).



where v =T (%) and I" is the gamma function. Finally, trade balance implies

> PoQro = PY, for all r. (12)
0eO

An equilibrium is a vector of prices { P,, P,,, PY}, wages {Wfo}, quantities produced and
consumed {Y, Y;, Y,jo, @0}, and labor allocations { N, Lk} for all regions r, occupations
o, worker types k, and education cells e that satisfy (3)-(12).

3 Comparative statics

We next derive analytic results for the effects of infinitesimal changes in regional immigrant
and native labor supplies, NL and N2 and region x occupation productivity, A, on
occupation labor payments as well as factor allocations and occupation wages.'® We derive
our analytic results in a simplified version of our model. In Section 3.1 we describe model
restrictions and their implications. In Section 3.2 we hold regional labor supplies of natives
as well as region-occupation productivities fixed. In Section 3.3 we generalize these results
by allowing native labor supplies and region-occupation productivities to change. Lower
case characters, x, denote the logarithmic change of any variable X relative to its initial

equilibrium level (e.g. n¥, = Aln NX). Derivations and proofs are in Appendix A.

3.1 Restrictions imposed in analytics

To build intuition, we focus on a special case of the model that satisfies three restrctions.
First, we assume that each region operates as a small open economy. Second, we group occu-
pations into sets in which they are equally traded. Third, we assume that distinct education
groups within each worker nationality type (kK = D, I) differ only in their absolute produc-
tivities (rather than in their relative productivities across occupations). Our quantitative
anlysis in Section 5 dispenses with these restrictions.

Small open economy. We assume region r is a small open economy, in that it constitutes
a negligible share of exports and absorption in each occupation for each region j # r. This
assumption implies that, in response to a region r shock, prices and output elsewhere are
unaffected: pgo = pjo =pj = y; = 0 for all j # r and o. It does not imply that region r’s
producer prices are fixed. As shown in Appendix A.3, the partial elasticity of demand for
region r’s occupation o output to its output price, denoted by €,,, is a weighted average of
the elasticity of substitution across occupations, 77, and the elasticity across origins, a > 1),
where the weight on the latter is increasing in the extent to which the services of occupation
o are traded, as measured by the region r share of exports in occupation output (S%) and
share of imports in occupation absorption (S?),

€ro = (1= (1=57) (1 = 55))a+ (1 = 55,) (1= 57%)n. (13)

19Changes in productivity, A,,, are isomorphic to changes in demand, fi,,.



For occupation o with infinite trade costs, S = S;» = 0, so that ¢, = 1. More traded
occupations—with higher values of Sy, and S —feature higher elasticities of demand for
regional output to price (and lower sensitivities of regional price to output).!!

Grouping occupations by trade shares. We assume that occupations are grouped into
two sets, g = {T, N}, where region r’s export share of occupation output and import share
of occupation absorption are common across all occupations in the set g. We refer to N as
the set of occupations that produce nontraded services and 1" as the set of occupations that
produce traded services; all that is required for our analysis is that the latter is more tradable
than the former. Because the export share of occupation output and the import share of
occupation absorption are assumed common across occupations in ¢ in region r, the elasticity
of regional output to the regional producer price, €,,, is common across occupations in g.
Mildly abusing notation, we denote by €,, the elasticity of regional output to the regional
producer price for all o € g, for g = {T, N}.12

Restricting comparative advantage. Finally, we assume that education groups within
each k differ only in their absolute productivities, Z¥, = Z* . This assumption implies that
education groups within k are allocated identically across occupations: 7%, = 7% for all e.
In this case, the vector of changes in labor supplies by education level in region r, {nfe}e,

can be summarized by a single sufficient statistic,

STI?GO
nb= 37 Sl (14)

with weights given by the share of labor income in region r and occupation o accruing to
k 1k

type k labor with education e, S¥, = ZWTO%’ relative to the share of labor income in

el k! r0 el o

region 7 and occupation o accruing to all type k labor, S = Y S* . We refer to S/, as

the immaugrant cost share in occupation o output in region r. Under the assumption that

ZF ., = Zk . the ratio Sk /S is common across o, and equal to the ratio of labor income

in region r accruing to type k labor with education e relative to labor income in region r
accruing to type k labor summed over all educations.!?

3.2 Changes in immigrant labor supply

We now study the impact of infinitesimal changes in regional immigrant labor supplies,
{nﬁe}e, on labor payments, factor allocations, and occupation wages across occupations

"n Appendix A.3, we show that the absolute value of the partial own labor demand elasticity at the
region-occupation level is increasing in €., (consistent with Hicks-Marshall’s rules of derived demand) and,
therefore, trade shares. This result is related to Rodrik (1997) and Slaughter (2001), who consider how
greater trade openness affects the elasticity of labor demand.

120ur results hold with an arbitrary number of sets. In the empirical analysis (see Appendix E), we alter
the effective number of sets by varying the size of occupations of intermediate tradability which are excluded
from the analysis (from zero to one-fifth of the total number of categories).

13Variation in S, across occupations is due to variation in Ricardian comparative advantage of immigrant
and native workers across occupations within a region. From the definition of S/, and the assumption that
ZF., = ZF ., we have that S, > SI, if and only if 7/ /xl, > 72 /zD,  Along with (10), this implies

- -1
STIO > S,{O, if and only if (ﬁ%’)p ' 2(%)0 .

ro ’

TO
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within each group ¢.'* To focus on the implications of n’_, in this section we hold native

labor supply and region-occupation productivities fixed; we study the impacts of changes in
native labor supply and region-occupation productivity in Section 3.3.

Occupation revenues, P,,(Q),., are equal to occupation labor payments, denoted by LFP,, =
>, Wagek, NE . We focus on labor payments because they are easier to measure in practice

than occupation quantities and prices. Infinitesimal changes in immigrant labor supplies,
{nie}e, generate differential changes in labor payments for any o, 0o’ € ¢ that are given by

(Grg - 1) 0+ p)
0+ €4

Ipro — Ipror = (Sfo - S,{O,) nld!, (15)

where ®! = (wf —w!,) /n! denotes the elasticity of domestic relative to immigrant oc-
cupation wages (which are common across occupations in equilibrium) with respect to the
supply of immigrants. We do not provide an explicit solution for ®!; rather, we assume that
parameter values guarantee that the following law of demand is satisfied: all else equal, an
increase in immigrant labor supply, n! > 0, raises the occupation wage of natives relative to
the occupation wage of immigrants, ®Z > 0.1

Consider two occupations 0,0 € g, where occupation o is immigrant intensive relative
to o (i.e., SI > SI)). According to (15), an increase in the supply of immigrant workers in
region r, n! > 0, increases labor payments in occupation o relative to o’ if and only if €, > 1.
Intuitively, an inflow of immigrants, n! > 0, raises relative output and lowers relative prices
of immigrant-intensive occupations within ¢ (i.e., within tradables or within nontradables).
A higher value of the elasticity of demand for region r’s occupation o output to its price, €4,
increases the size of relative output changes and decreases the size of relative price changes.
In response to an inflow of immigrants, nZ > 0, a higher value of ¢,, therefore generates
a larger increase (or smaller decrease if €,, < 1) in labor payments of immigrant-intensive
occupations. Because €, > €,y, relative labor payments to immigrant-intensive occupations
increase relatively more within 7" than within N in response to an inflow of immigrants.

Infinitesimal changes in immigrant labor supplies, {nq{e}e, generate differential changes

in labor allocations in occupations that are given by
k k (0 +1) (erg — p)

—nk = ST — ST ) nlep! 16
nreo nreo 0 _"_ E'rg ( ro ro ) n?” T ( )

and changes in occupation wages that are given by

k k €rg =P (ar 1 Il
w, —w,, =——— (5., —S..,)n,.P 17
ro 0 8+€rg(ro ro) rEr ( )
for any 0,0’ € g and k € {D, I}, where n! is given by equation (14). By (16) and (17), an
increase immigrant labor supply, n! > 0, decreases relative employment of type k workers
and (for finite #) occupation wages in relatively immigrant-intensive occupations within g if
and only if €, < p. If €,y < p, we have crowding out: an inflow of immigrant workers into a

14Up to a first-order approximation, w¥, is equal to the change in average income of workers who were
employed in occupation o in the initial equilibrium.

15In Appendix A.4 we prove that ® > 0 if all occupations share common export and import shares (i.e.
there is a single g).
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region reallocates factors away from immigrant-intensive occupations within g; if €,, > p, we
have crowding in: an immigrant influx induces factors to move towards immigrant-intensive
occupations within ¢.1¢

Because €,7 > €,n, we can compare the differential response of more to less immigrant-
intensive occupations in 7" and N: within 7, immigration causes less crowding out of (or
more crowding into) occupations that are more immigrant intensive (compared to the effect
within V). Similarly, because €,7 > €,, we can compare the differential response of more to
less immigrant-intensive occupations in 7" and N: within traded occupations 7', immigration
decreases occupation wages less (or increases occupation wages more) in occupations that
are more immigrant intensive (compared to the effect within nontraded occupations N).*”

Labor reallocation between occupations within N or within 7" is governed by the extent
to which immigration is accommodated by expanding production of immigrant-intensive
occupations (€,,) or by substituting away from native towards immigrant workers within
each occupation (p). To provide intuition, consider two special cases. First, in the limit
as €4, — 0, output ratios across occupations are fixed. The only way to accommodate
an increase in the supply of immigrants is to increase the share of each factor employed
in domestic-labor-intensive occupations (while making each occupation more immigrant in-
tensive). Immigration thus induces crowding out of native workers by immigrant workers.
Second, in the limit as p — 0, factor intensities within each occupation are fixed. To accom-
modate immigration, the share of each factor employed in immigrant-intensive occupations
must rise (while the production of immigrant-intensive occupations increases disproportion-
ately). Now, immigration induces crowding in. More generally, a lower value of €., — p
generates more crowding out of (or less crowding into) immigrant-labor-intensive occupa-
tions in response to an increase in regional immigrant labor supply.

Consider next changes in relative occupation wages within N or within 7. If § — oo,
then all workers within each k£ and e are identical and indifferent between employment
in any occupation. In this knife-edge case, labor reallocates across occupations without
corresponding changes in relative occupation wages within k£ and e. The restriction that
0 — oo thus precludes studying the impact of immigration (or any other shock) on the
relative wage across occupations of domestic or foreign workers. For any finite value of
f—i.e., anything short of pure worker homogeneity—changes in occupation wages vary across
occupations. It is these changes in occupation wages that induce labor reallocation: in order
to induce workers to switch from occupation o to o', the occupation wage must increase in o’
relative to o, as shown in (17). Hence, factor reallocation translates directly into changes in
occupation wages. Specifically, if occupation o’ is immigrant intensive relative to occupation
0, ST, > SI —and 0,0/ € g, then an increase in the relative supply of immigrant labor
in region 7, nl > 0, decreases the occupation wage for domestic and immigrant labor in
occupation o' relative to occupation o if and only if €, < p.

16In Appendix A.5 we analyze how these results change if we relax the restriction that education groups
do not differ in their relative productivities across occupations.

1"We emphasize that these analytic results apply to relative comparisons of occupations within tradables
and within nontradables. The quantitative analysis of Sections 5 and 6 allows us to evaluate the absolute
impact on real wages and thereby fully characterize the labor market consequences of immigrant inflows.
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3.3 Changes in all labor supplies and occupation productivities

We now extend the analysis of Section 3.2 to allow native labor supply and occupation
productivity to vary along with immigrant labor supply. By generalizing equations (15), (16),
and (17), the analysis will help guide our empirical specification and will further demonstrate
that our insights regarding the differential impacts within more and less traded sectors of an
immigration shock apply equally well to other shocks.

Proposition 1. Infinitesimal changes in immigrant and native labor supplies (n¥.) and
region-occupation productivities (a,,), generate differential changes in labor payments (Ipy,),
factor allocations (n*_), and wages per efficiency unit of labor (wk) for any 0,0’ € g and

k € {D,I} that are given by

(erg = 1)(0+p)

i (1, — 51,y + o= DO+

lp’ro - lp’ro’ = (aro - 6L?"o’) (18)

€rg + 0 €rg + 0
=) (04+1) o —1)(0+1
g~y = 2O G g1 g1y m DO () o)
€rg 1+ 0 €rg 1+ 0
rg ~ rg 1
wh,— = g (st sty 4 e D, ), (20)
€rg 1+ 0 €rg + 0
where
W, = wh —w!, = dln! + dPpl + Z 1 a0 (21)

1s the change in the relative occupation wage for natives relative to immigrants, which is
common across occupations; L, ®P and ®2 are the elasticities of this relative occupation

T

wage to the three types of shocks; and nF is defined in (14).

Analogous to the previous section, we do not explicitly solve for the change in relative
wages per efficiency unit, w,, and we assume that parameter values satisfy the law of demand:
an increase in immigrant labor supply, n! > 0, or a decrease in native labor supply, n? <0,
raises the relative occupation wage of natives, ® > 0 and &2 < 0.8

While our focus is on the differential impact of immigration on outcomes within more
versus less tradable occupational groups, our insights apply equally to the differential impact
of native migration and region and occupation-specific changes in productivity. All else
equal, a decrease in the effective supply of native labor in region 7, where n? is given by
equation (14), has the same qualitative effects—on labor payments, factor allocations, and
occupation wages—as an increase in the effective supply of immigrant labor, since the change
in the relative occupation wage of natives to immigrants, w,., is a sufficient condition for each
outcome. Given w,, an increase in the relative productivity of occupation o within group g
increases occupation o labor payments, the share of factor k allocated to occupation o, and
the occupation o wage if and only if €,, > 1, and these effects are stronger the higher is €4
if €., > 1. Changes in productivity may also affect outcomes indirectly through ,.*

18Tn Appendix A.4 we prove that ®. = —®P > 0 if all occupations share common export and import
shares (i.e. if there is a single g).

In Appendix A.4 we show that ®4 > 0 if and only if (72 — 7! )e, > 1 under the assumption that all
occupations share common export and import shares.
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Proposition 1 treats changes in productivity and in immigrant and native labor supplies
as exogenous. Of course, the arrival of immigrant workers to a region in part may be induced
by regional productivity shocks; immigration in turn may affect native labor supply (through
pressures for migration) and regional productivity (through agglomeration effects or changing
incentives for innovation). In the empirical and quantitative analyses, we will allow for the
possibility that immigrant labor supply, native labor supply, and productivity are jointly
determined. In the empirical analysis, this will require a strategy for identifying exogenous
variation in immigrant inflows to a region; in the quantitative analysis, it will require taking
a stand on how immigration affects regional productivity and native migration.

4 Empirical Analysis

Guided by our theoretical model, we aim to study the impact of immigration on labor market
outcomes at the occupation level in U.S. regional economies. We begin by showing how to
convert our analytical results on labor market adjustment to immigration into estimating
equations. We then turn to an instrumentation strategy for changes in immigrant labor
supply, discussion of data used in the analysis, and presentation of our empirical findings.

Our analytical results predict how occupational labor allocations, total labor payments,
and occupation wages adjust to immigration. As discussed in Section 2.2, measuring changes
in occupation-level wages is difficult because changes in observable wages reflect both changes
in occupation wages and self-selection of workers across occupations according to unobserved
worker productivity. Accordingly, we begin with the analysis of immigration impacts on
occupational labor allocations and labor payments, before addressing wages.

4.1 Specifications for Labor Allocations and Labor Payments

Combining (19) and (21), in Appendix A.3 we derive the following specification for changes
in the allocation of native workers in education cell e to occupation o within region 7:

”7]»360 = Grglo + af’eg + @Dxm + ﬁﬁr]lo(N):vm + yfé, (22)

where we have decomposed the region-occupation productivity shock as a,, = a, + arg + Gro,
with a, the national-occupation component of the productivity shock, a,, the region and
occupation-group-specific component of the shock, and a,, the region-occupation-specific
component of the shock; ¢4, 87, and BL, are region and group-specific treatment effects,
which are functions of model parameters; x,, is the model-defined immigration shock; I, (IV)
equals one if occupation o is nontradable; afeg is a function of model parameters that does
not vary across o; and v2 is a structural residual.?’ Specifically, the immigration shock

Lro = Z S’r{eon{”e (23)

20We derive our estimating equation under the restrictive assumptions of Section 3. In our quantitative
analysis in Section 5, we relax these assumptions and show using model generated data that the fit of our
reduced-form specifications is very good.
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summarizes how region and education-specific changes in immigration, {nie}e, are transmit-
ted to occupation o in region r via the initial immigrant intensity of ro in each education

cell, SI_ . The treatment effect of x,, for tradable occupations in (22) is
3D — (err —p) (6 + 1)@1
" €T + 0 "

which is negative, implying crowding out of natives by immigrants, if the substitutability
of immigrant and native labor is large relative to the sensitivty of regional output to price
(€,7 < p).>! The treatment effect for T' differs from that for N by the term,

(0+p)(0+1)

By =
(e,n +0) (6,7 + 0

) (6’!‘N - €TT) (I)i

which is negative, implying stronger crowding out in nontradables relative to tradables,
since the sensivity of regional output to price is greater for 7' than for N (e,x < €.r). The
treatment effect of the national-occupation component of the productivity shock, a,, is

(g —1)(0+1)
€rg + 0 '

rg —

Finally, the structural residual is

g — 0+1
vh = (rg %pzr(e )Sfo(®?n?+ar)+

(g —1)(0+1).
€rg + 0

09y

where a, =) 4 a,, is a weighted sum of region-occupation productivity shocks.
To simplify the estimation, we specify the regression equation,

nh, =ah, + ol + Pz, + BRL(N)Tre + Uy (24)

in which we impose regional homogeneity for the treatment effects in (22), which in turn
changes the interpretation of the coefficients and generates a modified residual 72 that adds
to v2 specification error generated by these parameter restrictions. By imposing uniformity
across regions for these coefficients in (24), P and SP + B represent average treatment
effects for the immigration shock on native allocations. Because we estimate (24) separately
for low- and high-education labor allocations, we effectively allow the occupation fixed effect,
aP and the treatment effects, 3”2 and 8P + %, to differ by education level.??

Because regional shocks to occupation productivity and native labor supply are in the
residual in (24)—and do not enter the specification directly as regressors—the coefficients
that we estimate on x,, will capture not just the direct effect of immigration on native
labor allocations but also any indirect effects of this immigration shock through its effect

21 As in the previous section, we assume that the law of demand holds, such that ®Z > 0.

22 As we discuss in Appendix I, a logic similar to that underlying (24) applies to how an immigrant inflow
affects the allocation of foreign-born workers across occupations. In Appendix I, we present results on the
immigrant-employment allocation regressions that are the counterparts to (24) and Table 1 below. As with
our findings on the allocation of native-born workers, the results on how immigration affects the allocation
of foreign-born workers across occupations are consistent with our framework.
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on the supply of native workers or the productivity of specific occupations at the regional
level.2 If, for instance, immigration induces regional migration of natives—a possibility
that our quantitative model in Section 5 accomodates explicitly—then the total effect of
the immigration shock on native allocations that we estimate in (24) may differ from the
theoretically defined partial effect in Proposition 1. Nevertheless, as long as a version of
the law of demand holds—i.e., accounting for the responses of productivity and native labor
supplies, an increase in immigrant supply raises the relative occupation wage of natives—our
results that there is crowding out in g if and only if €,, < p and that there is more crowding
out within /N occupations than within 7" occupations still hold.

More pertinent to identifying the labor market impacts of immigration, immigrant in-
flows for region 7, nl, may result from the endogenous location response of immigrants to
regional shocks to productivity or to native labor supply. If this was the case, our estimates
of AP and Y would reflect not just our theoretically specified impact of immigration on
native allocations but also the direct effect of these regional shocks on native allocations.?*
Estimating (24) therefore requires an instrumentation strategy to isolate variation in x,, that
is orthogonal to the components of regional changes in native labor supply and occupation
productivities that are not themselves caused by immigrant inflows.

Based on a similar motivation to that underlying equation (24), we specify an expression
for changes in occupation labor payments,

IPro = 0ty + Srgto + Yro + Y Lo (N) Ty + Do, (25)

in which we again estimate average treatment effects, v and vy, for the immigration shock
Zro. Following Proposition 1, the treatment effect for tradables v will be positive if the
sensitivity of regional output to price exceeds unity (e,r > 1) and the differential treatment
effect for nontradables vy will be negative since the sensitivity of regional output to price is
greater for tradables than for nontradables (e,5 < €.7). Analogous to the above discussion,
identifying the impact of x,, on labor payments requires an instrumentation strategy.

In the regression in (24), we estimate whether immigrant flows into a region induce on
average crowding out (or crowding in) of domestic workers in relatively immigrant-intensive
occupations separately within tradable and within nontradable occupations, thereby allowing
us to test whether crowding-out is weaker (or crowding-in is stronger) in tradable relative
to nontradable jobs. In the regression in (25), we estimate whether immigrant flows into a
region induce on average an increase or decrease in labor payments in relatively immigrant-
intensive occupations separately within tradables and within nontradables. This allows us to
assess the mechanism in our model that generates differential crowding out within N and T’
occupations, which is that quantities are more responsive and prices less responsive to local
factor supply shocks in tradable than nontradable activities.

23See, e.g., Borjas (2006) on the response of native outmigration to immigrant inflows. Other work suggests
that inflows of foreign labor lead to higher land rents (Saiz, 2007), local agglomeration externalities (Kerr
and Lincoln, 2010), and weaker incentives for firms to adopt labor-saving technologies (Lewis, 2011). Such
adjustments in costs and productivity appear to disproportionately affect manufacturing (Peters, 2017).

24Gee, e.g., Cadena and Kovak (2016) on the responsiveness of immigration to local labor demand shocks.
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4.2 An instrumental variables approach

The immigration shock in (23) is a function of the inflows of immigrants in region r within
each education cell e, n!_, and the initial intensity of region-occupation ro in the employment
of immigrants with education e, S . The residuals in turn contain the region-occupation-
specific productivity shock, a,,, and the interaction of region-occupation immigrant employ-
ment intensities with the average regional productivity shock, a,, and the regional native
labor supply shock, n?. Correlation between the immigration shock and the residuals could
arise from two sources: regional productivity or native labor supply shocks playing a role in
determining the contemporaneous inflow of immigrants to a region, and (or) these shocks be-
ing persistent over time with their trend component having affected past immigrant inflows
and therefore initial region-occupation immigrant employment intensities.

To construct an instrument for x,,, we incorporate into the empirical analysis the fact
that nl, is the result of inflows of immigrants from multiple source countries c. We leave
unmodelled the cause of migrant outflows from these countries, assuming only that the aggre-
gate inflow of immigrants in cell ec across all U.S. regions excluding r, AN_", is orthogonal
to shocks that are specific to r. Inspired by literature on migration networks (e.g., Munshi,
2003), we allocate these aggregate inflows across regions according to historical settlement
patterns, as summarized in the identifying restrictions that we discuss below.

Following Altonji and Card (1991) and Card (2001), we instrument for x,, using

reo. N1
re

ANI*
T, = Z St re (26)

where AN/* is a variant of the standard Card instrument that accounts for education-group
and region-specific immigration shocks,

AN[z =" fleAN;.

€
c

Here, AN_" is as defined above and fI¢ is the share of immigrants from source ¢ with

education e who lived in region r in the initial (or some earlier) period.?®
Utilizing (26) to instrument for z,, and recover the total effect of immigration requires

the following identifying restrictions: (i) the predicted inflow of immigrants, ANZ* must

be uncorrelated with the change in the supply of natives in r not induced by immigration,
(ii) the predicted inflow of immigrants, AN}*, must also be uncorrelated with the weighted

re’
region productivity shock not induced by immigration, and (iii) the initial region-occupation
immigrant employment intensity for each education cell e, SZ _, must be uncorrelated with

reo’
the region-occupation-specific productivity shock, a,,. Assumptions (i) and (ii), which rule
out correlation between the components of 7, and the components of the structural residual
vP that vary in the r dimension and are not themselves functions of x*_, are likely to hold if
each region r is small in the sense that its specific shocks do not affect aggregate immigration

25In our extended model in Section 5, we introduce immigrant source countries into our framework so
that we can construct the same instrument and run the same two-stage least squares regression on model-
generated data to calibrate the model. We leave this extension out of our baseline model, as it does not
impact our analytic results yet does burden the notation.
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inflows across other regions and if the historical attraction of immigrants to particular regions
is due to longstanding migration networks (i.e., fI¢ is not a function of recent shocks to
native migration or regional productivity that persist into the current period) Assumption
(iii), which rules out correlation between the components of 27, and v% that vary in the ro
dimension, holds if deviations in region-occupation productivity—from the national average
within the occupation and the regional average within the occupation group—are not a
function of past immigrant employment intensities across occupations, SZ .2

To check the validity of assumptions (i) and (ii), we examine the robustness of our results
to dropping the largest immigrant-receiving regions from the sample (which account for a
substantial fraction of immigrant inflows and whose shocks could plausibly affect immigration
in the aggregate) and to using long lags on f¢. In extended results, we check whether
current immigration shocks are correlated with past changes in labor market outcomes to
evaluate whether our results may be a byproduct of persistent regional employment trends,
which would violate (i)-(iii). If assumption (iii) is violated then we cannot use SZ in the
construction of the instrument. We thus also employ a modified Card instrument in which
we replace initial immigrant employment intensities for education cell e in region-occupation
ro with the corresponding occupation-education immigrant employment intensities averaged

over a set of regions other than r and outside of 7’s state, which creates the value,

NI*
Z S—Teo N[ ° (27)

The alternative instrument in (27) helps address a well-known critique of the Card instrument
regarding the persistence of regional labor-demand shocks (Borjas et al., 1997). When using
(27), we still require that assumptions (i) and (ii) hold.

4.3 Data

In our baseline analysis, we study changes in labor-market outcomes between 1980 and 2012.
In sensitivity analysis, we use 1990 and 2007 as alternative start and end years, respectively.
All data, except for occupation tradability, come from the Integrated Public Use Micro
Samples (Ipums; Ruggles et al., 2015). For 1980 and 1990, we use 5% Census samples; for
2012, we use the combined 2011, 2012, and 2013 1% American Community Survey samples.
Our sample includes individuals who were between ages 16 and 64 in the year preceding
the survey. Residents of group quarters are dropped. Our concept of local labor markets
is commuting zones (CZs), as developed by Tolbert and Sizer (1996) and applied by Autor
and Dorn (2013). Each CZ is a cluster of counties characterized by strong commuting ties
within and weak commuting ties across zones. There are 722 CZs in the mainland US.

For our first dependent variable, the log change in native-born employment for an occu-
pation in a CZ shown in (24), we consider two education groups: high-education workers are
those with a college degree (or four years of college) or more, whereas low-education workers

26The extended time period of our analysis, which uses time differences over the three decade period of
1980 to 2012, helps address concerns that results based on the Card instrument may conflate short-run and
long-run impacts of immigration (Jaeger et al., 2018).
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are those without a college degree. Although these education groups may seem rather ag-
gregate, note that in (24) the unit of observation is the region and occupation, where our 50
occupational groups already entail considerable skill-level specificity (e.g., computer scien-
tists versus textile-machine operators).?” We measure domestic employment as total hours
worked by native-born individuals in full-time-equivalent units (for an education group in an
occupation in a CZ) and use the log change in this value as our first regressand. We measure
our second dependent variable, the change in total labor payments, as the log change in total
wages and salaries in an occupation in a commuting zone.

We define immigrants as those born outside of the U.S. and not born to U.S. citizens.
The aggregate share of immigrants in hours worked in our sample rises from 6.6% in 1980 to
16.8% in 2012.% 'We construct the occupation-and-CZ-specific immigration shock in (24) and
(25), 0, defined in (23), as the percentage growth in the number of working-age immigrants
for an education group in CZ r times the initial-period share of foreign-born workers in that
education group in total earnings for occupation o in CZ r, where this product is then summed
over education groups. In constructing our immigration shock, z,,, and its instrument, z;,,
shown in equation (26), we consider three education groups; for the instrument we consider
12 source regions for immigrants.

Our baseline data include 50 occupations (see Table 6 in Appendix D).3* We measure oc-
cupation tradability using the Blinder and Krueger (2013) measure of “offshorability,” which
is based on professional coders’ assessments of the ease with which each occupation could be
offshored.3! We group occupations into more and less tradable categories using the median
so that there are 25 tradable and 25 nontradable entries (see Table 7 in Appendix D). The

2"Because the divide in occupational sorting is sharpest between college-educated and all other workers, we
include the some-college group with lower-education workers. Whereas workers with a high-school education
or less tend to work in similar occupations, the some-college group may seem overly skilled for this category.
Results are similar if we shift some-college workers from the low-education to the high-education group.

28Because we use data from the Census and ACS (which seek to be representative of the entire resident
population, whether in the U.S. legally or not), undocumented immigrants will be included to the extent
that are captured by these surveys. An additional concern is that the matching of immigrants to occupations
may differ for individuals who arrived in the U.S. as children (and attended U.S. schools) and those who
arrived in the U.S. as adults. Our results (in unreported analysis) are substantially unchanged using an
alternative definition of immigrant status in which we exclude foreign-born individuals who moved to the
U.S. before the age of 18.

29The education groups are less than a high-school education, high-school graduates and those with some
college education, and college graduates. Relative to native-born workers, we create a third education cate-
gory of less-than-high-school completed for foreign-born workers, given the preponderance of undocumented
immigrants in this group (and the much larger proportional size of the less-than-high-school educated among
immigrants relative to natives). The source regions for immigrants are Africa, Canada, Central and South
America, China, Eastern Europe and Russia, India, Mexico, East Asia (excluding China), Middle East and
South and Southeast Asia (excluding India), Oceania, Western Europe, and all other countries.

30We begin with the 69 occupations from the 1990 Census occupational classification system and aggre-
gate up to 50 to concord to David Dorn’s categorization (http://www.ddorn.net/) and to combine small
occupations that are similar in education profile and tradability but whose size complicates measurement.

31Goos et al. (2014) provide evidence supporting this measure. Their index of actual offshoring by occu-
pation based on the European Restructuring Monitor is strongly and positively correlated with the Blinder-
Krueger measure. Given limited data on intra-country trade flows in occupation services, we use measures
of offshorability at the national level to capture tradability at the regional level, a correspondence which is
imperfect. Our results are robust to using alternative cutoffs regarding which occupations are assigned to T’
versus assigned to N and to defining tradability at the industry rather than occupation level.

19



most tradable occupations include fabricators, financial-record processors, mathematicians
and computer scientists, and textile-machine operators; the least tradable include firefighters,
health assessors, therapists, and vehicle mechanics.

In Table 8 in Appendix D, we compare the characteristics of workers employed in trad-
able and nontradable occupations. Whereas the two groups are similar in terms of the
shares of employment of workers with a college education, by age and racial group, and
in communication-intensive occupations (see, e.g., Peri and Sparber, 2009), tradable oc-
cupations do have relatively high shares of employment of male workers and workers in
routine- and abstract-reasoning-intensive jobs. High male and routine-task intensity arise
because tradable occupations are overrepresented in manufacturing. In robustness checks,
we use alternative cutoffs for which occupations are tradable and which are nontradable;
drop workers in routine-task-intensive jobs, in which pressures for labor-saving technological
change has been particularly strong (Lewis, 2011; Autor and Dorn, 2013); and drop work-
ers in communication-task-intensive jobs, in which native workers may be less exposed to
immigration shocks (Peri and Sparber, 2009). In further checks, we use industries in place
of occupations, categorizing tradable industries to include agriculture, manufacturing, and
mining, and nontradable industries to include services.

In Table 8 in Appendix D, we show that the shares of immigrants in national employment
in the aggregate of nontradable and tradable occupations are similar, both in 1980 and in
2012. These aggregates, however, mask substantial heterogeneity in two dimensions. First,
the share of immigrants in total employment varies substantially across regions; see Figure
12 in Appendix D. Second, within regions there is substantial heterogeneity in immigrant
shares across occupations both within tradable and within nontradable jobs; see Figures
13 and 14 in Appendix D. This variation in exposure to immigration across regions and
occupations is at the core of our empirical and quantitative analysis.

Finally, to provide context for our analysis of adjustment to immigration across occu-
pations within tradables versus within nontradables in the estimation of (24) and (25), we
compare over our 1980 to 2012 time period the unconditional changes in employment shares
across occupations within 7" and across occupations within /N. The median absolute log em-
ployment change for occupations is 0.59 in nontradables, as compared to 0.65 in tradables.3?
Although these unconditional changes do not account for differences in the magnitude of
shocks affecting occupations in the two groups, the higher variability of employment changes
within 7" when compared to within N suggests that overall adjustment is no less sluggish
among tradable jobs than among nontradable jobs.?3

4.4 Empirical Results on Labor Allocations and Labor Payments

In the specification for the allocation of native-born workers across occupations within CZs in
(24), the dependent variable is the log change in CZ employment of native-born workers for an

32If we instead examine the mean absolute log employment change (weighted by initial occupation em-
ployment shares), the corresponding values are 0.45 for nontradables and 0.48 for tradables.

33This observation poses a challenge to an alternative explanation for the greater immigrant displacement
of natives within N versus within 7: that the occupation supply elasticity is lower in T than in N. If
this were the case, one would expect, all else equal, employment changes across occupations within 7" to be
smaller than those across occupations within N. Yet, in the data we observe the opposite.

20



education cell in an occupation and the independent variables are the CZ immigration shock
to the occupation, shown in (23), this value interacted with a dummy for the occupation being
nontraded, and dummies for the occupation and CZ-occupation group. The regressions,
which we run separately for low-education and high-education workers, are weighted by the
initial number of native-born workers in the education cell employed in the occupation in
the CZ; standard errors are clustered by state. We instrument for the immigration shock
using the value in (26), where we disaggregate the sum in specifying the instrument, such
that we have three instruments per endogenous variable; we report Angrist and Pischke
(2008) F-statistics for first-stage regressions with multiple endogenous variables. Table 1
presents results for equation (24). In the upper panel, we exclude the interaction term
for the immigration shock and the nontraded dummy, such that we estimate a common
impact coefficient across all occupations; in the lower panel we incorporate this interaction
and allow x,, to have differential effects across occupations within 7" and within N. For
low-education workers, column (la) reports OLS results, column (2a) reports 2SLS results,
and column (3a) reports reduced-form results in which we replace the immigration shock
with the instrument in (26), a pattern we repeat for high-education workers. In the upper
panel, all coefficients are negative: on average the arrival of immigrant workers in a CZ
crowds out native-born workers at the education-occupation level. The impact coefficient
on x,, is larger in absolute value for high-education workers than for low-education workers,
suggesting that crowding out is stronger for the more-skilled. Refering to our analytic model,
these results are consistent with immigrant-native substitutability p being large relative to
occupation-output sensitivity to price €,, (averaged across r and g).

In the lower panel of Table 1, we add the interaction between the immigration shock and
the nontradable indicator, as in (24), to allow for differences in crowding out within 7" and
within N. The two groups are clearly delineated. In tradables, the 2SLS impact coefficient is
close to zero (0.01 for low-education workers, —0.03 for high-education workers) with narrow
confidence intervals. The arrival of immigrant workers crowds native-born workers neither
out of nor into tradable jobs. In nontradables, by contrast, the impact coefficient—the sum
of the coefficients on x,, and the x,,I, (/V) interaction—is strongly negative. For both low-
and high-education workers, in either the 2SLS or the reduced-form regression, the coefficient
sum is significant at the 1% level. In nontradables, an influx of immigrant workers crowds
out native-born workers, consistent with our theoretical model in which the crowding-out
effects of immigration are stronger within N than within 7.

Because the immigration exposure measure, ., is the interaction between the immigrant
inflow into a CZ and the initial immigrant intensity of an occupation and because we allow
this term to matter differentially for tradable and for nontradable occupations, interpret-
ing coefficient magnitudes in Table 1 requires some guidance. Consider the impact of an
immigrant inflow between 1980 and 2012 into high-immigration Los Angeles on two occu-
pations within NV, high-immigrant intensity private household services (x,, = 0.71), and low
immigrant-intensity firefighting (z,., = 0.06), where the difference in their occupation expo-
sure is 0.65. Our results indicate that for household services relative to firefighting, we would
see a 0.20 = 0.65 x 0.30 differential log point employment reduction for low-education na-
tives and a 0.24 = 0.65 x 0.37 differential log point employment reduction for high-education
natives. By contrast, because the 2SLS coefficient on x,, in column (2b) within 7" is a reason-
ably precisely estimated zero, we would detect no differential domestic employment changes
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Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

Panel A
(1a) (2a) (3a) (4a) (5a) (6a)
Low Ed High Ed

OLS 2SLS RF OLS 2SLS RF
Tro -.088 S 148%*F S 099%F | S 130%*F*F - 220%F*  _ D1(Q*FF*

(065)  (.069)  (.041) | (.040)  (.047)  (.037)
Obs 33723 33723 33723 26644 26644 26644
R-sq .822 .822 .822 .68 .68 679
F-stat (first stage) | 129.41 | 99.59

Panel B
(1b) (2b) (3b) (4b) (5b) (6b)
Low Ed High Ed

OLS 2SLS RF OLS 2SLS RF
Tro .089* .009 .005 .022 -.034 -.021

(.049) (.088) (.061) (.036) (.066) (.060)
I, (N) z, 2303k L 303FkF L 238%HKk | L 309¥kk L 3T3rEk | 330*+*

(062)  (101)  (.091) | (.097)  (126)  (.113)
Obs 33723 33723 33723 26644 26644 26644
R-sq .836 .836 .836 .699 .699 .699
Wald Test: P-values ‘ 0.00 0.00 0.00 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 102.77 65.90
I, (N) xpo 75.21 48.48

Notes: The estimating equation is (24). Observations are for CZ-occupation pairs (722 CZsx50
occupations). The dependent variable is the log change in hours worked by native-born workers in a
CZ-occupation; the immigration shock, x,,, is defined in (23); I, (V) is a dummy variable for the
occupation being nontradable. All regressions include dummy variables for the occupation and the
CZ-group (tradable, nontradable). Columns (1) and (4) report OLS results, columns (2) and (5) report

2SLS results using (26) to instrument for z,,, and columns (3) and (6) replace the immigration shock(s)

with the instrument(s). Low-education workers are those with some college or less; high-education
workers are those with at least a bachelor’s degree. Standard errors (in parentheses) are clustered by
state. For the Wald test, the null hypothesis is that the sum of the coefficients on z,., and I, (N) z, is
zero. We report Angrist-Pischke (AP) F-statistics for the first stage regressions. Significance levels: *

10%, ** 5%, ***1%.

Table 1: Allocation for domestic workers across occupations
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between any pair of tradable occupations, either in Los Angeles or elsewhere.?* These results
do not address how immigration affects tradables or nontradables in the aggregate, which is
the focus of much previous literature.

Our results highlight a new source of labor market exposure to immigration. Living in
a high immigration region (e.g., Los Angeles) and preferring to work in immigrant-intensive
nontradable jobs (e.g., private household services) leaves one relatively exposed to foreign
labor inflows, whereas living in the same CZ but having a proclivity to work either in tradable
jobs or in nontradable jobs that attract few immigrants leaves one comparatively less exposed.
In Section 6, we will use our quantitative framework to interpret these coefficients, without
imposing the restrictions we make in Section 3.1, to determine the welfare consequences of
differential exposure to immigration, and to solve for wage effects across CZs.

The specification for the log change in total labor payments in (25) provides evidence
on the theoretical mechanism underlying differential immigrant crowding out of native-born
workers in tradables versus nontradables. In Table 2, we report estimates of v, which is the
coefficient on the immigration shock, x,,, and vy, which is the coefficient on the immigration
shock interacted with the nontradable-occupation dummy, I, (N) z,,. In all specifications,
the coefficient on x,., is positive and precisely estimated, which is consistent with the elasticity
of local output to local prices in tradables being larger than one (€, > 1). Similarly, in all
specifications the coefficient on I, (V) x,, is negative and highly significant, which which is
consistent with €,7 > €,n.

Together, the results in Tables 1 and 2 verify both differential crowding out within 7°
versus within NV and the mechanism in our model through which this difference is achieved.
The arrival of immigrant labor results in an expansion in output and a decline in prices of
immigrant-intensive tasks both within tradables and within nontradables. Compared to IV,
however, adjustment in 7" occurs more through output changes than through price changes.
Consequently, labor payments of immigrant-intensive occupations increase by more within
tradable than within nontradable jobs, as shown in Table 2. Consistent with this mechanism,
Table 1 shows that an immigration shock generates null effects on native employment within
T and negative effects on native employment within N.

Robustness. In Appendix E, we present alternative specifications in which we check for
violations of the identifying restrictions (i)-(iii) discussed in Section 4.2. Assumptions (i)
and (ii) require that employment shocks to a region do not affect immigration inflows to
other regions. When we drop the largest CZs, for which concerns about reverse causality
from local labor market shocks to immigrant inflows may be strongest, our results are mate-
rially unchanged; see Appendix E.1.3. Assumption (iii) would be violated if current regional
productivity shocks are correlated with past shocks that affected initial region-occupation
immigrant employment intensities. Reassuringly, our results are qualitatively unaltered when
we construct the instrument replacing initial immigrant employment intensities for a given
region with the corresponding intensities averaged over a set of regions other than this region

34Given a value of § 4+ 1—which is the elasticity of occupation wages to factor allocation, as shown in
equation (20) and which we set at 2 in our quantitative model in Section 5—our theory allows us to use these
results to interpret wage implications. Specifically, our results indicate that we would detect a 0.10 = 0.20/2
and a 0.12 = 0.24/2 log point reduction in domestic low-education and high-education wages in private
household services relative to firefighters in Los Angeles but no differential domestic wage changes between
any two tradable occupations in Los Angeles or elsewhere.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Tro BIIRFF* 3868*F 3266*
(1147)  (1631)  (.1297)
I, (N) @y, -.3512%HF - 4009%FF - 3287HH*
(1157)  (.1362)  (.0923)
Obs 34892 34892 34892
R-sq 897 897 897
Wald Test: P-values |  0.38 0.89 0.98
A-P F-stats (first stage)
Zro 55.54
Lo (N) 2o 105.82

Notes: The estimating equation is (25). Observations are for CZ-occupation pairs. The dependent
variable is the log change in total labor payments in a CZ-occupation; the immigration shock, x,,, is in
(23); I, (N) is a dummy variable for the occupation being nontradable. All regressions include dummy
variables for the occupation and the CZ-group (tradable, nontradable). Column (1) reports OLS
results, column (2) reports 2SLS results using (26) to instrument for x,,, and column (3) replaces the
immigration shocks with the instruments. Standard errors (in parentheses) are clustered by state. For
the Wald test, the null hypothesis is that the sum of the coefficients on z,, and I, (N) z,, is zero. We
report Angrist-Pischke (AP) F-statistics for the first stage regressions. Significance levels: * 10%, **
5%, ***1%.

Table 2: Labor payments across occupations

and outside of the region’s state, as in (27); see Appendix E.2. Our results would be simi-
larly compromised if the negative impact of the immigration shock on native allocations and
total labor payments was the byproduct of persistent region-occupation employment trends,
as in the Borjas et al. (1997) critique of the Card instrument. To examine the relevance
of this critique for our analysis, we re-estimate (24) with a dependent variable that is the
change in the occupational employment of native workers over the 1950-1980 period, while
keeping the immigration shock defined over the 1980-2012 period, thus assessing whether
confounding long-run region-occupation employment trends are present in the data. These
exercises, presented in Appendix E.1, reveal no evidence that current impacts of immigra-
tion on native-born employment are simply the byproduct of continuing patterns of regional
employment growth. The results in Tables 1 and 2 also embody assumptions about which
activities are nontradable and which are tradable. In Table 1, we divide occupations into
equal-sized groups of tradables and nontradables. In Appendix E.3, we explore alterna-
tive assumptions about which occupations are tradable and which are not (and alternative
aggregation schemes for the 50 occupations in our sample). The corresponding regression
results are very similar to those in Table 1. Results are also similar, as reported in Appendix
E.6, when we redo the analysis for region-industries, rather than for region-occupations, and
identify the tradability of industries as discussed in Section 4.3.3% We also experiment with

35Immigration induces crowding out of native-born employment in nontradable industries but not in
tradable industries (although Sy in (24) is always less than zero, it is significant in 2SLS and reduced-form
regressions for high-education natives but not for low-education natives), while leading to a greater expansion
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changing the end year for the analysis from 2012 to 2007, which falls before the onset of
the Great Recession. Using this earlier end year yields results similar to our baseline sample
period of strong immigrant crowding out of native-born workers in nontradable occupations
and no crowding out in tradable occupations. When we alternatively change the start year
from 1980 to 1990, the differential crowding-out effect for low-education workers in nontrad-
ables weakens, but remains strong for high-education workers in nontradables; see Appendix
E.1.2.3% Finally, in Appendix E.4 we verify that our results are qualitatively unaffected by
imposing alternative occupation aggregations (to establish the robustness of our results to
either expanding or contracting the number of occupational groups) or by dropping routine-
or communication-intensive occupations (to address concerns over the confounding effects
of skill-biased technical change and the language-based adjustment mechanisms discussed in
Peri and Sparber, 2009).

4.5 Wage Changes for Native-born Workers

Our analytic results predict how occupation wages per efficiency unit of native-born workers
adjust to an inflow of foreign workers. Equation (20) yields the regression specification

wfz) = d% + df + P 0 + XN (N) 2o + sz, (28)
when following the same steps—incorporating occupation fixed effects, imposing common
slope parameters across regions, and measuring z,, using (23)—that led from equation (22)
to regression specification (24). A positive value of x” would imply that an inflow of im-
migrants raises native occupation wages in more relative to less immigrant-intensive occu-
pations within tradables, while a negative value of x5 would imply that the impact of an
inflow of immigrants on wages in immigrant-intensive native occupation is less positive (or
more negative) within nontradables than within tradables.?

In the data we observe not changes in wages per efficiency unit at the occupation level,
w?  but rather changes in average wages by occupation, wage. Under crowding out, an
immigrant influx would tend to drive down the wage per efficiency unit in more-immigrant-
intensive occupations and also to drive out native-born workers whose unobserved char-
acteristics give them relatively low productivity in these jobs. Absent knowledge of the
distribution of worker productivity draws, the relative importance of these two forces is
ambiguous, which complicates analysis of observed changes in occupation-level wages.38

of labor payments in immigrant-intensive occupations in tradable than in nontradable industries (where 7y
in (25) is significantly negative in all specifications).

36Variation in parameter estimates across time periods should not be surprising. In (24), these parameters
are functions of output price elasticities and embodied native labor-supply and productivity elasticities; they
will vary across time periods to the extent that trade shares or the component elasticities vary.

37 As with the analytic results of Section 3.2 (see Note 17), these potential wage impacts represent relative
changes across occupations within the nontradable or tradable groups, and not absolute changes in wages,
which we examine in the quantiative analysis of Section 6.

38With a Fréchet distribution of idiosyncratic productivity draws, these two forces exactly balance out, im-
plying that changes in average wages are equal across occupations within a region-education cell for natives.
In Appendix F, we show that immigration has zero impact on region-education-occupation average wages
for high-education workers in tradables and nontradables and for low-education workers within nontrad-
ables—which accords with the Fréchet assumption—and small positive impacts for low-education workers
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As a solution to the unobservability of occupation-level changes in wages per efficiency
unit, we derive an estimating equation that allows us to use observed changes in average
wages (across education groups) at the region level to infer indirectly the model’s predictions
for occupation-level wage changes, Y and x%. Log-linearizing the average wage change of
native workers with education e in region r and taking into account that occupation switching
does not have first-order effects on changes in individual wages (see footnote 9), yields

wage? Z w2k | (29)
o€

where wage,’?e is the change in average wages of native workers with education e in region r
and 72 is the share of income of native workers with education e in region r that is earned
in occupation o. Combining (28) and (29), we obtain

wage Z Z a’!‘g reo + Z a 7’60 (30)

<] ocO
D § E : D ~D
+ X xTOﬂ-Teo + XN IT‘O o Treo + Vie-
0cO 0e0

We estimate (30) proxying for region-group time trends d?g (which cannot be identified since
there are as many parameters as observations) using v,Z,4 + ¢, for ¢ = T, N, where z,, is
the simple average value of z,, in region r across occupations in group g.*

To estimate regression (30), we require measures of wages by education group and CZ.
To obtain these, we first regress log hourly earnings of native-born workers in each year on a
gender dummy, a race dummy, a categorical variable for 10 levels of educational attainment, a
quartic in years of potential experience, and all pair-wise interactions of these values (where
regressions are weighted by annual hours worked times the sampling weight). We take
the residuals from this Mincerian regression and calculate the sampling weight and hours-
weighted average value for native-born workers for an education group in a CZ. Finally, we
use these values to calculate changes in education-level wages in each CZ.

We present regression results for equation (30) in Table 3. The coefficient on the term
"I, (N) 72 | which captures the differential impact of immigration on changes in re-
gional education-group average wages in nontradable compared to tradable occupations, is
negative and precisely estimated in both 2SLS and reduced-form specifications.*® This find-

within tradables, which is not strictly consistent with the Fréchet assumption. With a Fréchet distribution
of idiosyncratic productivity draws, we can also construct unobserved changes in occupation wages using
observed changes in native average wages and allocations within a region-education-occupation cell. In Ap-
pendix F we show that the impacts of immigration on these constructed changes in occupation wages are
zero within tradable occupations and negative within nontradable occupations for both low-education and
high-education natives, consistent with our model.

39Tn Appendix H we use data generated by our extended model of Section 5.2 to verify that there is a
tight link between estimates of x© and x§ based on equations (28) and (30), and that the coefficients of the
wage regression, the ys, are roughly equal to 1/ (0 + 1) times the coefficients of the allocation regression, the
(s, as implied by our analytic expression (20).

40 After proxying for dgﬁ we construct instruments for the four endogenous variables in (30)—Y z,.,7L ),
S @rolo (N) TR, ) Tor 2 per Mo, and Zpy 2 0co(N) 7P —using instruments for z,,’s as defined in (26).
We first instrument z,, by calculating the simple averages of the instrument z}, across occupations within
g = T,N. We then replace z,, Zrn,, and Z,7r in the four endogenous variables with their corresponding
instruments to construct the instruments used in the 2SLS and reduced-form regressions.
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(1) (2) (3)
OLS 2SLS RF
o T2 G02FFF | BOBEHHE | 9GT8¥H
(.1101) (.139) (.1617)
7P I, (N) 2y | -.8265%%F | -1.620%** | -1.691%**
oe® ""reo
(1535) | (1779) | (.2439)

Obs 1444 1444 1444
R-sq 979 976 979
Wald Test: P-values | 0.00 | 0.00 | 0.00

Notes: The estimating equation is (30). Observations are by CZ and education group (some college and
less, bachelor’s and more). The dependent variable is the education-group-specific log change in average
wages for native-born workers in (29). Reported coefficients are for the immigration shock to all

occupations, .o Ti,ro, and to nontradables, Y- o mhrolo (N) Zro. Coefficient estimates on other

variables (3 ,co Moo ZrT 2oco(T) 7l TN 2oco(N) 7P ) are suppressed. Column (1) reports OLS
results, column (2) reports 2SLS results using (26) to construct instruments for the immigration shocks,
and column (3) replaces the immigration shocks with the instruments. For the Wald test, the null

hypothesis is that the sum of coefficients on Y o T, @r0 and > e o lo (N) 1o are zero. F-stats

for the first-stage are 41.87, 76.53, 115.63 and 86.6 for the endogenous variables ., T2 Zro,

Treo
> oco Tioolo (N) Tro, Tor 2 0co(T) 7P, and Z,n 2 0cO(N) 7l . respectively. Significance levels: * 10%,

Table 3: Change in average wage for native-born workers, 1980-2012

ing is consistent with immigrant crowding out of native-born workers within nontradables
being stronger than within tradables. For tradable occupations, by contrast, the coefficient
on the term > x,,m2 is positive and precisely estimated in the reduced-form and 2SLS
specifications. Consistent with the employment-allocation regressions—in which crowding
out is stronger in nontradable than in tradable occupations—the negative impact of immi-
gration on regional wages appears to work more strongly through nontradables than through
tradables. However, the positive coefficient on the tradable component of the immigration
shock in the wage regressions is distinct from the employment regressions in which there are
null effects of immigration on crowding out (in) of the native-born. The specifications in
Table 3 are related to the voluminous literature that takes a cross-area-study approach to
estimating immigration wage effects, which tends to find null or small negative impacts of
local-area immigrant inflows on wages for the native born (see, e.g., Blau and Mackie, 2016).
Our specification differs in important respects from commonly estimated regressions, which
do not distinguish shocks within tradable versus within nontradable occupations, as we do
above by aggregating earning shocks across occupations into the 7" and N sets. In Appendix
F, we contrast our method with the common approach of estimating a regression for region-
education wage changes in which the immigration shock is specified at the region-education
level, without allowing for differential adjustment within 7" versus within N. Consistent
with the literature, this specification yields a negative but small and insignificant effect of
immigration on earnings. These findings highlight how the correlation between wages and
immigrant inflows in the aggregate may hide substantial variation across occupations in the
impact of these shocks, as well as differential adjustment within tradable and nontradable
activities.
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Summary. The empirical results show that, in line with our theoretical model, there are
differences in adjustment to labor supply shocks across occupations within tradables and
within nontradables. The allocation and wage regressions are consistent with immigrant
crowding out of native-born workers within nontradables (¢, < p) and with less crowding
out within tradables (e, < €,7). Whereas the allocation regression is consistent with neither
crowding in nor crowding out within tradables (e, & p), the average region-education wage
regression is consistent with crowding in within tradables (e,7 > p).

5 A Quantitative Framework

We next present an extended quantitative model in which we impose less restrictive assump-
tions than in our baseline model of Section 2 (geographic mobility of native and immigrant
workers, many source countries for immigrants, and endogenous regional aggregate produc-
tivity) and in our comparative static exercises in Section 3 (allowing for flexible occupational
comparative advantage of education groups, large shocks, non-negligible share of regions in
the national economy, and variation in trade shares across tradable occupations). This ex-
tended model allows us to show numerically that our theoretical results of Section 3 hold
under less restrictive assumptions; to calibrate model parameters using the same two-stage
least squares approach on model-generated data as in the actual data; to conduct counterfac-
tual exercises in which we change immigration by source country; and to calculate absolute
changes in real wages by CZ (in addition to relative outcomes across occupations within
regions, which is the focus of our empirical and theoretical analyses). In this section, we
describe our quantitative model, parameterize it, and present additional quantitative im-
plications. In the following section, we use the model to conduct counterfactual exercises
regarding U.S. immigration.

5.1 An Extended Model

We extend our model of Section 2 as follows. First, we introduce many source countries, c,
from which immigrants originate. We assume that the systematic component of productivity,
ZI . does not depend on the immigrant’s source country c¢. Hence, given the measure of

immigrants in education cell e from each source country in each region, denoted N!¢ the
equations in our baseline model continue to hold, where N, = > N!¢. We incorporate
source countries in order to calibrate the model to our two-stage least squares regressions
and to perform source-country-specific counterfactuals. Nevertheless, we do not model trade
between regions in our model—U.S. commuting zones—and the rest of the world.

A second extension is that native and immigrant workers choose in which region r to
live. We follow Redding (2016) and assume that the utility of a worker z living in region r
depends on amenities and the expected real wage from living there. Preferences for amenities
from residing in region r are given by the product of a systematic component, U2 for natives
with education e and U!¢ for immigrants with education e from source country ¢, and an
idiosyncratic preference shock, ¢, (w,r), which is distributed Fréchet with shape parameter
v > 1.11 We assume that each worker first draws her preference shocks across regions and

41The assumption that immigrants with a given education level differ in their preferences across U.S. regions
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chooses her region, and then draws her productivity shocks across occupations and chooses
her occupation. Under these assumptions, the measure of workers of type k (and source
country ¢ for immigrants) with education e in region r is given by

v v
(UD Wage?e ) (UIC Wageﬁe )
re P, re P,
N’I"IZ = w D\ V NeD and NTIGC = w I v €IC7
Z UD agej, Z UIC age;,
JER je Pj JER je P

where NP and NI¢ denote the exogenous measure of education e workers of who are na-

tive and who are immigrant from source country ¢, respectively, across all regions (NP =
D Ic _ Ic :

Y orer Nie and NJ¢ = 3" N:S). We take the aggregate measure of migrants from source

country ¢ and education group e, N¢ as given, leaving unmodelled the cause of migrant
outflows from the set of source countries.

Finally, we assume that immigration affects productivity via agglomeration effects. We
impose that it does so only at the aggregate region level: productivity is given by Z% =

Zk N2, where N, = D ke NE is the population in region 7 and A governs the extent of
regional agglomeration (if A > 0) or congestion (if A < 0).

In Appendix G.1 we specify a system of equations to solve for changes between two time
periods in prices and quantities in response to changes in exogenously specified national
supplies of immigrant workers by education and source country.*?> These changes are not
restricted to be infinitesimal as in Section 3. The inputs required to solve this system can be
grouped into three sets. First, we require values from the initial period of allocations across

occupations for each worker type and education cell in each region, 7* ; wage income of
Ny, xWageg,
DS Nfe,, XWagef;, ’
where the average wage of type k workers with education e in region r (i.e., the total income
of these workers divided by their mass) is given (independently of country of origin ¢) in our

model by

each worker type and education cell as a share of total income by region

Wagey, =~

_1
k E\0+1 "
Z (Zreerj) ) (31>

jeo

labor allocations across regions for each worker type and education cell (and source country
for immigrants), Ng and Nfec; absorption shares by occupation in each region, #ﬁyjﬂ/,
and occupation bilateral exports relative to production and relative to absorption in each
region. Second, we require values of parameters 7 (the substitution elasticity between occu-
pations in production of the final good), o (the substitution elasticity between occupation
services from different regions in the production of a given service), p (the substitution elas-
ticity between domestic and immigrant workers in production within an occupation), 6 (the
dispersion of worker productivity), v (the dispersion of worker preferences for regions), and
A (the elasticity of aggregate productivity to population in a region). Third, we require

aggregate changes in immigrant labor supply by education and source country, N Ie,

(based on their source country) but not in their pattern of comparative advantage across occupations provides
a model-based motivation of our Card-type instrument. The data is too sparse to incorporate occupational
comparative advantage by source country and education cell.

428pecifically, we must solve for 72,200 (2 x 50 x 722) occupation wage changes and 27,436 ([2 + (3 x
12)] x 722) population changes.
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5.2 Calibration

We calibrate the model based on the U.S. data used in Section 4. We consider 722 regions
(each of which corresponds to a CZ) within a closed national economy, 50 occupations (half
tradable, half nontradable), two domestic education groups (some college or less, college com-
pleted or more), and three immigrant education groups (high school dropouts, high school

NE xWagek
graduates and some college, and college graduates). The values of ¥ > T;Vi, Xavg;;;ek, and
ek et re!

Nk¢ in the initial equilibrium are obtained from Census and ACS data. We use the same 12
source regions for immigrants as in our empirical exercises.

In order to construct bilateral exports by occupation in each region, we assume that
occupation demand shifters are common across regions for tradable occupations, ., = o
for o € T', and choose trade costs as follows. First, we assume that nontradable occupations
are subject to prohibitive trade costs across CZs (7,j, = oo for all j # r). Second, we assume
that bilateral trade costs for a given tradable occupation between a given origin-destination
pair are common across tradable occupations (given the absence of bilateral cross-CZ trade
data by occupation), 7., = 7, for all 0,0’ € T, and parameterize them using a standard

gravity trade cost function: 7,5, = 7 X In (distauncerj)(S for j # r. Given this assumption,
the elasticity of trade with respect to distance across CZs within the U.S. in our model is
given by (1 — «)d, where 1 — « is the trade elasticity introduced in equation (5). We set
(1—a)d = —1.29, as estimated in Monte et al. (2016) using data on intra-U.S. manufacturing
trade from the Commodity Flow Survey (CFS). We calibrate 7 to match the average export
share within tradables in our model (in the year 2012) to that in the 23 CFS regions (in the
year 2007) that closely align with our CZs, where we weight each CZ according to total labor
payments in tradables in the model and according to total shipments in manufactures in the
data. Further details are provided in Appendix G.2. Even though bilateral trade costs are
common across tradable occupations, bilateral trade shares differ across occupations due to
variation in size and marginal costs across occupations and regions.*?

We assign values to the parameters «, v, 8, A\, n, and p as follows. The parameter o — 1
is the partial elasticity of trade flows to trade costs. We set o = 7, yielding a trade elasticity
of 6, in the mid range of estimates in the trade literature surveyed by Head and Mayer
(2014) and, more importantly, in line with the estimates using regional data within the U.S.
estimated in Donaldson (Forthcoming), Donaldson and Hornbeck (2016), and Fuchs (2018).

The parameter v is the elasticity of native and immigrant spatial allocations with respect to
ok
native real wages across regions, v = %. We set v = 1.5, which is in the middle
of the range of estimates in the geographic labor mobility literature reviewed by Fajgelbaum
et al. (2015). The parameter 6 + 1 is the elasticity of occupation allocations with respect
k _k
to occupation wages within a region, # + 1 = % We set 6 = 1 following analyses
on worker sorting across occupations in the U.S. labor market in Burstein et al. (2016) and
Hsieh et al. (2016).4% We set A = 0.05, in line with estimates in the local agglomeration

43We also consider an alternative parameterization in which trade is free within tradables. We match
our moments—excluding trade shares—by setting p = a« = 7 and n = 1.8. In unreported counterfactual
exercises, we obtain similar results to our baseline parameterization.

44 Qur parameter 6 corresponds to § + 1 in Burstein et al. (2016) and Hsieh et al. (2016).
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a p n v A
7 54 157 1.5 0.05

0
1

Parameter values

Table 4: Parameter values in quantitative analysis

economics literature reviewed in Combes and Gobillon (2015). Since estimates of the elastic-
ity of substitution between occupations, n, and the elasticity of substitution between native
and immigrant workers within occupations, p, are not available from existing research, we
calibrate them. To do so, we feed into our model national changes in immigrants by source
country and education observed between 1980 and 2012, NeIC, and solve for the full gen-
eral equilibrium, allowing for endogenous movements of natives and immigrants between
regions and occupations. We then run the 2SLS employment-allocation regression in (24) on
model-generated data. While (24) is not structural—because the regression coefficients are
reduced-form combinations of structural parameters even in our baseline model (as seen in
Proposition 1) and because the generalized model extends that used to derive (24)—it pro-
vides useful “identified moments” (as defined in Nakamura and Steinsson, 2018) that we can
match in our full model. In particular, the signs and relative magnitudes of the regression
coefficients contain information about the underlying structural parameters. We choose n
and p to target the extent to which immigration crowds in (out) native employment within
tradables and within nontradables: we target 82 = 0 (neither crowding in nor crowding out
of natives by immigrants in tradables) and 52 + Y = —0.33 (crowding out of natives by
immigrants in nontradables), where the latter is the average of the 2SLS estimates across
high- and low-education native workers. Replicating our empirical parameter estimates re-
quires values of p = 5.4 and n = 1.57. Table 4 reports calibrated parameter values and Table
5 reports the employment-allocation regressions using data generated by the model.

The intuition for the values that the parameters n and p are assigned can be understood
using the analytics in Section 3, although the narrow restrictions under which these results
are obtained are partially relaxed here. Our assumption that trade shares are zero for
nontradable occupations implies that the elasticity of regional output to the regional producer
price for nontradables, €,y, is equal to 1. The elasticity of regional output to the regional
producer price for tradables, €1, is a weighted average of o and 7, with the weight on «
increasing in trade shares of tradable occupations, where trade shares are implied by the
calibration procedure described above. Since tradable occupations have high trade shares,
€7 is closer to a than to 7. According to our analytics in Section 3, targeting 3° = 0 in
the employment-allocation regression (no crowding in or out within tradables for natives)
requires that the elasticity of regional output to the regional producer price within tradables,
€1, equals the elasticity of substitution between native- and foreign-born workers within each
occupation, p. It follows that p must be closer to « than to 7, yielding p = 5.4. A higher value
of p would imply crowding out within tradables, which is inconsistent with our reduced-form
estimates (see the alternative parameterization below).

The intuition for the value of = 1.57 is similar. Targeting 3 < 0 in the employment-
allocation regression (crowding out in nontradables for natives) requires that n = €,5 < p.
To demonstrate how the allocation regression shapes our choice of n beyond requiring that
n < p, Figure 1 displays the model-implied values of 3 and B% against the value of 7 if we
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Allocation regression Labor payment regression
Low education High education
pP -0.006 0.005
BY -0.332 -0.345
0% 0.459
YN -0.296
R-sq 0.99 0.99 1.00

Table 5: Regression results using model-generated data

Calibration targets: average low & high education for native workers: 8” =0 and 8P + 611\7, = —0.338.

Figure 1: Estimates from allocation regression (model generated data)
Figure varies n from 1 to 9, holding all other parameters at their baseline levels. The vertical lines represents the baseline

value of 7 = 1.57 and the value of n =a = 7.

fix all other parameters at their baseline levels. As described above, 37 is less responsive to
changes in 7 than is Y. Therefore, the estimated value of 8% guides our choice of .

Although we do not target the labor-payments regression coefficients, the estimated co-
efficients in our model, shown in Table 5, are roughly in line with the 2SLS labor-payments
regression results in our data, shown in column 3 of Table 2. The resulting R? for the allo-
cation and labor payment regressions run on model-generated data are above 0.99. Because
these regressions are not structural, the tight fit does not follow directly from our model-
ing assumptions. Instead, the fit reflects the ability of these reduced-form regressions to
summarize equilibrium occupation employments in the model.?

Alternative parameterizations of p. We consider two alternative parameterizations for
value of p. In the first, we triple its value to p = 16.2 and hold fixed other parameters. When
raising p, we continue to match the extent of differential crowding out within nontradables
compared to tradables, Y = —0.338, but the model now generates the counterfactual result
of crowding out within tradable occupations, 3” = —0.127. In the second parameterization,
we assume that p differs exogenously and systematically between tradable, pr, and nontrad-
able, py, occupations. In this parametrization, we assume autarky in all occupations (so that
er = en), fix n at our baseline level, and choose pr = 1.6 < 4.4 = py targeting the native

45In Appendix H we report estimates for the wage regressions (28) and (30) using model-generated data,
which are broadly consistent with the results reported in Table 3 and those discussed in footnote 38.
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labor allocation regression estimates. This alternative is motivated by the concern that our
finding of stronger crowding out within nontradables relative to within tradables could be
a byproduct of higher immigrant-native substitution elasticities in nontradables relative to
tradables. In this case, however, the model has counterfactual predictions for how labor pay-
ments respond to immigration. In particular, relative labor payments to immigrant-intensive
occupations counterfactually increase relatively more within nontradable than within trad-
able occupations in response to an inflow of immigrants, vy = 0.043. Similarly, prices of
immigrant-intensive occupations do not fall relatively more within nontradable than within
tradable occupations, which is inconsistent with evidence in Cortes (2008).

6 Counterfactual Changes in Immigration

Using data for 2012 as the initial period, we consider two counterfactual changes in the
supply of immigrant workers, N Ie which we motivate using proposed reforms in U.S. immi-
gration policy. One potential change is to tighten U.S. border security and to intensify U.S.
interior enforcement, which would effectively reduce immigration from Latin America, the
source region that accounts for the vast majority of undocumented migration flows across
the U.S.-Mexico border. For illustrative purposes, we operationalize this change by reducing
the immigrant population from Mexico, Central America, and South America in the U.S. by
one half. Following the logic of the Card instrument, this labor-supply shock differentially
affects CZs that historically have attracted more immigration from Latin America. Labor
market adjustment to the shock takes the form of changes in occupational output prices and
occupational wages, a resorting of workers across occupations within CZs, and movements
of native- and foreign-born workers between CZs. The second shock we consider is expanded
immigration of high-skilled workers. The U.S. business community has advocated for ex-
panding the supply of H1-B visas, the majority of which go to more-educated foreign-born
workers (Kerr and Lincoln, 2010). We operationalize this shock via a doubling of immigrants
in the U.S. (from all 12 source countries) with a college education.

In order to describe the results of our counterfactual exercises, it is useful to define a
measure of the aggregate exposure of region r to a change in immigration as

ANL
re NI

, (32)

where ¢!, = NI x Wagel,/> ..., N, x Wage¥,, is the share of immigrant workers with
education e in region r in total labor payments in region 7 and where AN/ is the change
between the initial and final periods in education e labor supply of immigrants in region r.
The measure x! captures the change in effective labor supply in CZ r caused by changes in
the local supply of immigrants, accounting for endogenous regional labor movements.

6.1 50% Reduction of Latin American Immigrants

In this scenario, we halve the number of Latin American immigrants at the national level.

We set Nelc =1- 0'5J\X,,]Yf£c for ¢ = South and Central America and ¢ = Mexico for all
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Figure 2: 50% reduction in Latin American Immigrants: change in the real wage of
low-education native-born workers across CZs

education cells and we set N, Ie = 1 for all other ¢’s and all education cells, where N¢ is the
total number of region ¢ immigrants with education e in the U.S. in 2012. Because Latin
American immigrants tend to have relatively low schooling, reducing immigration from the
region reduces the relative supply of less-educated labor. In 2012, 70.4% of working-age
immigrants from the region had a high-school education or less, as compared to 29.4% of
non-Latin American immigrants and 38.3% of native-born workers.

There is large variation in aggregate exposure across regions in response to this shock: !
ranges from near 0 in several CZs to 0.18 in Miami and takes a value of 0.08 in Los Angeles,
a case we discuss below. This variation arises from differences across CZs in 2012 in the
share of immigrants by education in total income and in the share of Latin Americans in
the total number of immigrants by education. Although natives and immigrants reallocate
across space in response to this shock, this spatial re-sorting plays little role in shaping x!.46

We first examine the consequences of a reduction in immigrants from Latin America
on changes in average real wages (i.e., the change in average consumption for workers who
begin in the region before and remain in the region after the the counterfactual change in
immigrant labor supply) for low-education natives.’” We next examine the consequences on
the native education wage premium. These outcomes, which are the focus of much previous
literature, capture differences across CZs in immigration impacts. They do not, however,
reveal within-CZ variation in exposure to factor supply shocks, which is the emphasis of our
paper. Figure 2, which depicts the spatial variation in the log change in average real wages
for less-educated native-born workers across commuting zones, reveals the expected larger
impacts in CZs that are located in Florida, close to the U.S. border with Mexico, or gateway
regions for immigration, such as Atlanta, Chicago, New York, and Washington, D.C. Figure 3
plots, on the y-axis, the log change in average real wages for less-educated native-born workers
in the left panel and the log change in the education wage premium for native-born workers

46With changes in real wages across regions that are relatively small in comparison to the size of the shocks
that we feed in, labor reallocation across regions is minor relative to the large initial shock. Hence, all of our
results in what follows are very similar to what we would obtain without geographic labor mobility.

47To a first-order approximation, this change in real wages equals the change in utility of low-education
natives initially located in that region.
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Figure 3: 50% reduction in Latin American Immigrants: change in real wage of low
education domestic workers and change in education wage premium of domestic workers,
across CZs

(college-educated workers versus workers with less than college) in the right panel, where in
each graph the x-axis is CZ exposure to the immigration shock, zZ. In response to an outflow
of Latin American immigrants, average native low-education real wages fall in all but ten
locations, from close to zero in the least-exposed CZs, to 1.7% in Los Angeles, and to as much
as 4.2% in Miami. This real wage impact arises both because of agglomeration externalities
and because native and immigrant workers are imperfect substitutes, such that reducing
immigration from Latin America reduces native real wages.*® Moving to the right panel
of Figure 3, we see that because the immigration shock reduces the relative supply of less-
educated immigrant labor and because less-educated immigrants are relatively substitutable
with less-educated natives, the education wage premium falls (and more so in CZs that are
exposed to larger reductions in immigration from Latin America). For example, in Miami and
Los Angeles the education premium falls by roughly 1%. Less-educated foreign-born workers
substitute more easily for less-educated natives than for more-educated natives both because
less-educated native- and foreign-born workers tend to specialize in similar occupations and
because €., tends to be lower than p (which implies that native- and foreign-born workers
are more substitutable within than across occupations). Our Roy model, in which education
groups are perfect substitutes within occupations, endogenously generates aggregate patterns
of imperfect substitutability between education groups.

Our more novel results are for changes in wages at the occupation level, which capture
variation in exposure to immigration across jobs within a CZ. Figure 4 describes differences
across occupations in adjustment to the immigration shock in nontradable and tradable
tasks for the CZ of Los Angeles. The horizontal axis reports occupation-level exposure to
immigration, as measured by the absolute value of x,, in (23). The vertical axis reports the

48Without agglomeration externalities (A = 0), the decline in average real wages is smaller in most CZs.
For example, the real wage of low-education workers falls by 1.1 percentage point in Los Angeles, instead
of 1.7 percentage points in our baseline. Relatedly, the ten CZs that gain from reduced immigration are
ones that receive relatively large inflows of native workers exiting other regions and that had few foreign-
born workers to begin with (such that their direct immigration shock is small). Without agglomeration
externalities, only one region gains from reduced immigration. Without native mobility, no regions gain.

35



Figure 4: 50% reduction in Latin American immigrants: change in domestic occupation
wage (deflated by the price index) by occupation in Los Angeles, CA

change in wage by occupation for stayers (native-born workers who do not switch between
occupations nor migrate between CZs in response to the shock) deflated by the change in
the absorption price index in Los Angeles. Even though real wages fall on average across
occupations for natives in Los Angeles, reducing immigration from Latin America helps
natives in the eight most-exposed nontradable occupations. The difference between average
and extreme real wage changes reflects large differences in real wage changes according to
occupation-level exposure to immigration across nontradable occupations. The most-exposed
nontradable occupation (private household services) sees wages rise by 9.6 percentage points
more than the least-exposed nontradable occupation (firefighting). This difference in wage
changes across nontradable jobs dwarfs variation in immigration impacts between CZs, which
are aggregations of occupation-wage changes. In particular, our across-job, within-CZ wage
change is large relative to the difference in real wage changes across CZs for low-education
natives and relative to the difference in changes in the education wage premium between the
most-exposed CZ and the least-exposed CZ, seen in the left and right panels of Figure 3.

The adjustment process across tradable occupations differs markedly from that across
nontradables. In Figure 4, the most-exposed tradable occupation (textile-machine operators)
sees real wages rise by just 3.1 percentage points more than the least-exposed tradable
occupations (social scientists). The most-least difference for occupations in wage adjustment
is thus 6.5 percentage points larger in nontradables than in tradables. While the real wage
for natives in Los Angeles rises in 8 out of 25 nontradable occupations, it only rises in one
out of 25 tradable occupations.

The patterns of wage adjustment by occupation that we describe are not specific to the
Los Angeles commuting zone. To characterize changes in wages across occupations in all
CZs, Figure 5 plots the difference in wage changes between the occupation that has the
largest wage increase (or smallest wage decrease) and the occupation that has the smallest
wage increase (or largest wage decrease), on the vertical axis, against overall CZ exposure to
the immigration shock, on the horizontal axis. The left panel of Figure 5 reports comparisons
among nontradable occupations, while the right panel reports comparisons for tradable occu-
pations. Consistent with the case of Los Angeles in Figure 4, across CZs we see substantially
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Figure 5: 50% reduction in Latin American Immigrants: highest occupation wage increase
minus lowest occupation wage increase across CZs

Figure 6: 50% reduction in Latin American Immigrants: highest occupation wage increase
minus lowest occupation wage increase for nontradable occupations across CZs

more variation in wage adjustment across jobs within nontradables than across jobs within
tradables.*® Moreover, variation in wage adjustment across occupations in most CZs tends
to be much larger than variation in real wages across CZs (displayed in Figure 3). Figure 6
depicts the spatial variation in the difference in wage changes between the occupation that
has the largest wage increase and the occupation that has the smallest wage increase (or
largest wage decrease) in nontradables across commuting zones. It shows a similar regional
concentration of impacts as for real wage changes in Figure 2, though with an attenuated
distance gradient as one moves away from the Southwest border and the coasts.

6.2 Doubling of High-Education Immigrants

The intuition we have developed for differences in adjustment across occupations within
nontradables versus within tradables rests on labor supply shocks varying across regions or on

49For a given level of aggregate exposure to Latin American immigration (x axis in Figure 5) there is large
variation across regions in the highest minus lowest occupation wage change (y axis) because occupation
exposure varies across commuting zones.
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Figure 7: Doubling of high education immigrants: highest occupation wage increase minus
lowest occupation wage increase for nontradable occupations across CZs

factor allocations across occupations varying across regions. If, on the other hand, all regions
within a national or global economy are subject to similar aggregate labor supply shocks and
if labor is allocated similarly across occupations in all regions, there is no functional difference
between nontradable and tradable activities. Specifically, if within each tradable occupation,
shocks are highly correlated across regions, then local producer prices will move together with
absorption prices, as is the case for nontraded occupations. Because immigrants from Latin
America concentrate in specific U.S. commuting zones and specialize in different occupations
across these commuting zones, the immigration shock we modeled in the previous section
represents far from a uniform change in labor supply across regions within an occupation.
Hence, the logic of asymmetric adjustment across occupations within tradables versus within
nontradables to a local labor supply shock, which is the focus of our small open economy
analytic results in Section 3, applies in our first counterfactual. The experiment we consider
in this section, an increase in high-skilled immigration, is closer to a uniform increase in labor
supplies across regions within an occupation. The consequence will be less differentiation in
adjustment across occupations within nontradables versus within tradables. Characterizing
such differentiation would have been difficult with the reduced form empirical results alone.
Assessing how adjustment across occupations within nontradables versus within tradables
will differ across given realizations of immigration shocks is made possible by filtering these
shocks through our structural model.*®

In this scenario, we double the number of immigrants with a college degree at the national
level, setting N/¢ = 2 for e = 3 (immigrants with a college education) from all sources c.
As in the previous section there is large variation in aggregate exposure across regions in
response to this shock—with z! ranging from roughly 0 to a high of 0.33 in San Jose and
taking a value of 0.16 in Los Angeles. However, unlike in the previous section, high-education
immigrants tend to work in similar occupations across commuting zones. In response to an
inflow of college-educated immigrants, average native low-education real wages rise in all
locations, as seen in Figure 8 and the left panel of Figure 9, from as little as 0.3 percentage

50Even if all regions within the U.S. are identical, as long as there is trade between countries there will be a
functional difference in adjustment to shocks between tradable and nontradable occupations. By abstracting
away from trade with the rest of the world in our counterfactual exercises, we may understate differences
between tradables and nontradables.
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Figure 8: Doubling of high education immigrants: change in the real wage of low-education
native-born workers across CZs

Figure 9: Doubling of high education immigrants: change in real wage of low education
domestic workers and change in education wage premium of domestic workers, across CZs

points in the least-exposed CZs, to 3.5 percentage points in Los Angeles, and to as much
as 5.5 percentage points in San Jose. As in the previous exercise, this real wage impact
arises both because of agglomeration effects and because native and immigrant workers are
imperfect substitutes, so that increasing high-education immigrants raises native real wages.
In the right panel of Figure 9, we see that in response to the increase in relative supply of
more-educated immigrant labor, the education wage premium falls (and more so in CZs that
are exposed to larger increases in skilled foreign labor). Consistent with the logic operating
in the previous shock, this effect arises because more-educated immigrants and less-educated
natives tend to work in dissimilar occupations and not because they are relatively weakly
substitutable within occupations.

Moving to adjustment in wages at the occupation level, Figure 10 describes differences
across occupations in adjustment to the immigration shock in nontradable and tradable tasks
for the CZ of Los Angeles. Since there is a positive inflow of immigrants, most occupations
experience an increase in real earnings. However, for the occupations that are most exposed
to the labor inflow, real wages decline in both nontradable and tradable occupations—in
contrast to the results in the previous section. In sharp contrast with Figure 4, the differ-
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Figure 10: Doubling of high education immigrants: change in domestic occupation wage
(deflated by the price index) by occupation in Los Angeles, CA

Figure 11: Doubling of high education immigrants: highest occupation wage increase minus
lowest occupation wage increase across CZs
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ence in real wage adjustment between the two sets of occupations is now rather modest. In
terms of relative earnings within the two groups, wages for the most-exposed nontradable
occupation (health assessment) fall by 8.7 percentage points more than for the least-exposed
nontradable occupation (extractive mining). In tradables, the difference in wage changes
between the most- and least-exposed occupation (natural sciences and fabricators, respec-
tively) is 6.0 percentage points. Whereas in the case of the previous counterfactual exercise
the difference in wage changes between the most and least immigration-exposed occupations
was 6.5 percentage points larger in nontradables than in tradables, the difference in Figure
10 is just 2.6 percentage points.®!

The patterns of wage adjustment by occupation that we describe are not specific to Los
Angeles. Figure 11—which plots the difference in wage changes between the occupation
that has the largest wage increase (or smallest wage decrease) and the occupation that has
the smallest wage increase (or largest wage decrease), on the vertical axis, against overall
CZ exposure to the immigration shock, on the horizontal axis—provides further evidence of
reduced differences in occupation wage adjustment between nontradables and tradables in
the high-skilled immigration experiment as compared to the Latin American immigration
experiment. In nontradable jobs, differences in wage changes range from 0 to 13 percentage
points, whereas in tradable jobs they range from 4 to 8 percentage points. In the regions that
are more exposed to high-skilled immigration, differences in wage changes are roughly only 2
percentage points higher within nontradable occupations than within tradable occupations,
much smaller than in our first counterfactual.>?

7 Conclusion

Empirical analysis of the labor market impacts of immigration has focused overwhelmingly
on how inflows of foreign-born workers affect average wages at the regional or education-
group level. When working with a single-sector model of the economy, such emphases
are natural. Once one allows for multiple sectors or occupations and trade between la-
bor markets, however, comparative advantage at the worker level immediately comes into
play. Because foreign-born workers tend to concentrate in specific groups of jobs—computer-
related tasks for the high skilled, agriculture and labor-intensive manufacturing for the low
skilled—exposure to immigration will vary across native-born workers according to their fa-
vored occupation. That worker heterogeneity in occupational productivity creates variation
in how workers are affected by immigration is hardly a surprise. What is more surprising is
that the impact on native workers of occupation exposure to immigration varies within the

5I'When we consider a partial equilibrium specification in which we solve for occupation wages in each CZ
assuming constant producer prices in all other locations, the difference in wage changes between the most and
least immigration-exposed occupations is 7.4 percentage points larger in nontradables than in tradables in
Los Angeles, which is much larger than 2.6 percentage when solving for all prices in full general equilibrium.
The differences between general and partial equilibrium are much smaller in our first counterfactual.

52In Figure 11, we see that there are CZs that experience very large changes in wages between occupations
even though their aggregate exposure to immigration is low. These CZs tend to be those that have a small
number of occupations that are very exposed to high-skilled immigration, whereas their other occupations
have little exposure. For these CZs, aggregate exposure to the immigration shock is not necessarily predictive
of the difference in wage changes between occupations.
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sets of tradable and nontradable jobs. The contribution of our paper is to show theoretically
how this tradable-nontradable distinction arises, to identify empirically its relevance for local-
labor-market adjustment to immigration, and to quantify its implications for labor-market
outcomes including changes in real wages in general equilibrium.

While our empirical analysis validates the differential labor-market adjustment patterns
within tradables and within nontradables predicted by our theoretical model, it is only in
the quantitative analysis that we see the consequences of this mechanism for wage levels and
welfare. Individuals who choose occupations that attract larger numbers of immigrants may
experience very different consequences for their real incomes, depending on whether they
work in tradable or nontradable activities. Workers drawn to less-tradable jobs are likely
to experience larger changes in wages in response to a given immigration shock, owing to
adjustment occurring more through changes in occupational prices and less through changes
in occupational output. In contrast to recent literature, a worker’s region and education level
may be insufficient to predict labor market impacts to changes in inflows of foreign labor.
Occupational preferences and abilities of workers may be of paramount importance, too.

Regarding immigration policy, the U.S. Congress has repeatedly considered comprehen-
sive immigration reform, which would seek to legalize undocumented immigrants, prevent
future undocumented immigration, and reallocate visas from family members of U.S. resi-
dents to high-tech workers. Our analysis suggests that it would be shortsighted to see these
changes simply in terms of aggregate labor-supply shocks, as is the tendency in the pol-
icy domain. They must instead be recognized as shocks whose occupational and regional
patterns of variation will determine which mechanisms of adjustment they induce.

We choose to study immigration because it is a measurable shock whose magnitude varies
across occupations, skill groups, regions, and time, thus providing sufficient dimensions of
variation to understand where the distinction between tradable and nontradable jobs is
relevant. The logic at the core of our analytical approach is applicable to a wide range of
shocks, as shown in Proposition 1. Sector or region-specific changes in technology or labor-
market institutions would potentially have distinct impacts within tradable versus within
nontradable activities, as well. For these distinct impacts to materialize, there must be
variation in exposure to shocks within tradable and within nontradable jobs and across local
labor markets, such that individual regions do not simply replicate the aggregate economy.
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Part 1
Theoretical Appendix

In Appendix A we derive the system of equations that allows us to solve for all endogenous
variables as a function of small changes in immigrant and natives supplies in every region
and education group and productivities in every region and occupation; we then solve for the
analytic results formally presented in Sections 3.2 and 3.3 as well as a range of other results
described throughout the paper. In Appendix B we provide an alternative set of assump-
tions on the occupation production that yield the same equilibrium equations as the CES
occupation production function in equation (1). In Appendix C we consider an isomorphic
formulation of our baseline model in which the imperfect substitution between immigrant
and native workers within an occupation arises from imperfect substitution between skilled
and unskilled labor.

A Derivation of analytic results

In Section A.1, we begin by deriving the system in changes for small changes in {n* }, .,
and {a,,}, , for our baseline model of Section 2. We then impose the restrictions of Section
3.1 and sirﬁplify this system in changes in Section A.2. In Section A.3 we derive the analytic
results presented in Sections 3.2 and 3.3. In Section A.4 we solve explicitly for all endogenous
variables of interest in a special case of the model in Section A.2. Finally, in Section A.5 we
deviate from the model of Section A.2 in the other direction and provide additional results
in a version of the model that imposes fewer rather than more restrictions.

A.1 System in changes

Here we derive a system of equations that we use to solve for changes in endogenous variables
in response to infinitesimal changes in N. NP and A,, in every region r, education cell e,
and occupation 0. We use lower case characters, x, to denote the log change of any variable
X relative to its initial equilibrium level: x = dIn X.

Log-differentiating equation (8) we obtain

Pro = —Qpo + Z Sfowfw (33)
k

k k
where S¥ = MI/;LCS”" is the cost share of factor k (across all education cells) in occupation

€ TO 70

o output in region r. Log differentiating equation (9), we obtain
lft)) - lgo =—p (er - w;{o) : (34)

o

Combining equations (10) and (11) and log differentiating yields

lrl?eo = ewfo - 9 (Z erjwfj> + nfe‘ (35)

jeo
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Log differentating L%, = >~ L%  we obtain

Log differentiating equation (10), we obtain

reo - (0 + 1) 0 + 1 Z 7TrOU)ro + TL (37>

Log differentiating equation (6), we obtain

pg{o = (1 - S;rol) Dro + Z S;;Lopjo' (38>

J#r
where S77, = % is the share of the value of region r’s absorption in occupation o
that originates in region j and S = > . i Sjro 18 TEglons r’s import share of absorption in

occupation o. Log differentiating equation (4) and using equation (38) yields
= Z S;i ((1 - S:Z) Dro + Z S;’:"Lopj0> ) (39>
o€ JF#T

where S4 = i 13015;”’ denotes the share of occupation o in total absorption in region r.

Log differentiating equation (7), we obtain

Qro = _apT0+Z r]o p]o+np] +y]] ’ (40)
JER
where ST, = % is the share of the value of region r’s output in occupation o that is

destined for region j. Equations 40 and (38) yield

Gro = —QPro + Z rjo [ ((1 B S;Z/) Pjo + ZSjoOpjlo> TP+ Y

JER J'#J

Log differentiating equation (1) and using equation (9) we obtain
Qro = Gpo + Z Sfolfo

Combining the two previous expressions, we obtain

ro = aTO+Z Sfolfo = apr0+z rjo ((1 o SJWOZ) Pjo + Z Sjr‘,’ljopj@) +npj +Y;

JER J'#j
(41)
Log differentiating equation (12) yields
DS St (why 1) = oty (42)
o k
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where S” denotes the share of occupation o in total absorption in region r, S = Zrere,
We can use equations (33), (34), (35), (36), (37), (39), (41), and (42) to solve for changes

in employment allocations in efficiency units (¥ and ¥ and bodies n*_, occupation wages

wfo, occupation prices p,, and quantities ¢,,, aggregate absorption price p, and quantity vy,

for all r, 0 and k.

A.2 TImposing the restrictions of Section 3.1

In Section 3.1, we impose three restrictions. First, we assume that region r is a small open
economy in the sense that it constitutes a negligible share of exports and absorption in each
occupation for each region j # r. Specifically, we assume that S:’;O — 0 and S}, — 0 for all o
and j # r. The small-open-economy assumption implies that, in response to a shock in region
r only, prices and output elsewhere are unaffected in all occupations: p]yo =Djo=p; =y; =0

for j # r. Therefore, given a shock to region r alone, equation (41) simplifies to

Qro = Qro + Z Sfol]:o = —€roDro t+ (1 - Sfo) (npr + yr) ) (43)

where

€ro = (1_ (1 _Sfo) (1-5:2))0&4—(1—5?0) (1 _S;rol)n (44>

is a weighted average of the elasticity of substitution across occupations, 7, and the elasticity
across origins, a > 7, where the weight on the latter is increasing in the extent to which
the services of an occupation are traded, as measured by S; and S)”. The parameter €, is
the partial demand elasticity of region r’s occupation o output to its output price. It is a
partial elasticity because it holds fixed region r’s aggregate output and price index (but lets
it’s absorption price of occupation o change). Equation (39) simplifies to

= S (1= 572) pro (45)

0O

Second, we assume that occupations are grouped into two sets, g for g = {7, N}, where
SE =87, and S = S, for all 0,0" € g. According to (44), the assumption that S* = S%,
and S = ST, for all 0,0 € g implies that the elasticity of local output to the local producer
price, €., is common across all occupations in g. We refer to €,, as the common elasticity
for all 0 € ¢g within region r. The assumption that that S¥ =S¥, for all 0,0’ € g also implies
that the term (1 — SZ) (np, + y,) in (43) is common across all occupations in ¢.>

Third, we restrict comparative advantage by assuming that education groups within each
k differ only in their absolute productivities, Z*¥ = Z¥ . This assumption and equation (10)
imply that education groups within & are allocated identically across occupations: 7% = 7%

for all e. Hence, equation (35) becomes

lfeo = ewro -0 (Z Trr]w > + nre

Jj€O

53Under the assumption that « is infinite, as in the Rybczynski theorem, €,, is infinite and the assumption
that r is a small open economy implies that p,., = 0. In this case, we obtain our analytic results in Section
3.2 without requiring common trade shares across goods. Of course, in this case crowding in obtains.
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The previous expression and equation (36) yield®

I* —QwTO—(?(Zme ) Z Sreo nk .

jeo
Under the assumption that Z* = Z*  the ratio S*_/S* is common across o, so
" = 0wk —0 (Z Ty W, > +nk, (46)
jeO

where the vector of changes in labor supplies by education level in region r, {n,’fe}e, is
summarized by a single sufficient statistic,

k
k — Sre k
n, = Sk M)
with weights given by the share of labor income in region r accruing to type k labor with
k 1k
education e, S¥ = —Wralee _ yelative to the share of labor income in region r accruing to

e Wi Lf;/

all type k labor, S¥ =%~ , S*
Hence, under the first and third restrictions of Section 3.1, we can use equations (33),
(34), (37), (42), (43), (45), and (46) to solve for changes in employment allocations ¥ and
n¥ , occupation wages w¥ | occupation prices p,, and quantities g,,, and aggregate absorption

price p, and quantity y,., for all r, o and k. With shocks to region r alone, log changes in all
endogenous variables are linear functions of shocks in region 7: { nm} {n }e, and {a.},.

A.3 Proofs for Sections 3.2 and 3.3
Deriving equations (18)-(21): Combining equations (34) and (46), we obtain

0+ p) (W —wl) =6 (Z WT];; Zﬂmw ) +nl —n? (47)

jeO Jjeo

so that w, = wf — w! is common across occupations o. With shocks to region r alone, it

follows from the system of equation in changes that w, is a linear combination of region r
shocks, as in equation (21). We do not explicitly solve for the change in relative wages per
efficiency unit, w,, in general; we do so under the assumption of a single g in Section A.4.
Equation (43) is equivalent to
1 1 1
Pro = — (1 - Sfo) (77Pr + yT) — —Qro — _S’r{o (l1{o - lg) - _lvg
€

67’0 r0 r0 r0

54In this derivation, we use the following

k k!
LTeo nk _ 1 k Ze/ Kk’ WroLre o k le
k re k E : T0 760 re reo’‘re
Lk, W Z LN, 0 2 Z L“, 0
wk Lk k
and the definitions in the main text SF = " reree and Sy =2.5 o

7 =
reo ZE/ o WA’LIC r0
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The previous expression and equation (34) yield

1 1 -
Pro = — (1 - Sfo) (npr + yr) — — Qo 57{0 Wy — _l7€2>

€ro €ro

which, together with equation (33) yields

1 €ro — 1 €ro B 1
wg_—(l—Sfo)(npﬂryr)Jr( >am+( )5{0 i~ 12,

67’0 T0 6’f‘O TO

The previous expression and equation (46) yield

ro ~ ro 1
wh = ‘ P w, S, + ‘ a
€ro + 0 €ro + 0

1 T D
€m+9 (1_Sro)(77pr+yr +9JEZO7TW rJ nr]'

_l_

We similarly obtain

I €ro — P ~ I Ero_l
- S (ST -1
Wy <€ro+9>w ( To )+ (6r0+9)&

1
[(1 - Sfo) (Upr + yr + ezﬂ—r] 7“_] n{“] :

€ro + 0
J

+

(49)

Imposing the second restriction from Section (3.1), equations (37), (48), and (49) yield
equation (20), where €, = €, for all 0 € g. Under the same restriction, equations (37)
and (20) yield equation (19). Equations 19 and (20) simplify to equations (16) and (17) if

Uro = Gy for all 0,0 € g and n22 = 0 for all e.
Using equations (33) and (20), we obtain

0+1
0+ €4

B 0+ p Iy
Pro Pro = 9+€rg (S Sro)

(a'ro - aro’)

The previous expression and equation (43), we obtain

Erg(e"‘P)w (SI _SI,) €rg (0 +1)

0+ €rg 0 + €rg (aro - aro’)

Qro — Qro' =

The two previous expressions yield equation (18). Equation (18) simplifies to equation (15)

if 4., = a,o for all 0,0’ € g and nf2 =0 for all e.

Deriving equation (22): Consider o, 0" € g. Equation (19) implies

— 1 -1 1
feo _ (erg —p) (0 + >"J)r (81{0 _ 51{0/) 4 (€rg )(0+1) (a
€rg + 0 €rg + 0

k
ro aro’) + Nyt
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The previous expression is equivalent to

g —p)(B+1 o
Ty, = (s =2V O 1)y, ( s, - B2t
71-7”eg ETQ + Trreg reg

+ (67’9 — 1) (0 + 1) ( red oo _ 71-1]?(30’ CL,«O/> + 71-feo’ k

N,
k T0 k k reo
€rg + 0 Tr'reg 7Treg reg

k
Letting nreg = e g 7;350 nk . denote the log change in labor allocated to g, and summing

the previous expression over all o' € g, we obtain

o _ (g =p) O+ Treo qr | (g = 1) (0 +1) Moo k
Npeo = €rg + 0 Wy Sro - Z ﬂ_TSTO’ + €rg + 0 ro — Z k ro’ +nreg

o’eg reg o cg reg

The previous expression, equation (21), and a,, = a, + arg + Gy, yield equation (22), where

|- (67"9 B IO) (0 + 1) ~ 7T-feo’ I
Oéreg = — €rg T 0 Wy /Z TTegSrO/
o'eg
(€rg = 1) (0 +1) = Thew (erg —1) (0 +1) K
€rg + 0 Z ﬂ-?]fe (ror €rg + 0 rg + nreg.
o’'eg 9

The partial own labor demand elasticity: We can solve for the partial own labor
demand elasticity at the level of the region-occupation, IZ /w  in which we allow for native
and immigrant labor to reallocate across occupations and occupation prices to change, but
hold immigrant wages, aggregate output, and aggregate prices fixed. Combining equations
(33), (34), and 43, we obtain

12 /] = ey (1 S,) + pSL,

This partial elasticity is increasing in p (as is standard) and also €., (consistent with Hicks-
Marshall’s rules of derived demand). Moreover, it is increasing in S, if and only if p > €.

A.4 Explicit solutions if all o have common trade shares

Here we consider a version of our baseline model in which we assume that there is a single
grouping of occupations so that all occupations o have a common export share of output,
Sy =S¢, and import share of absorption, S)? = S. This formulation nests the case in

which bilateral trade costs are infinite, in which case S¥, = S = 0 for all o.
We begin by solving explicitly for @, and nZ . We then sign W W2 and ¥4

T0o) T0)

Solving explicitly for @, and n*. Equation (44) simplifies to
&=€6o=1—-01-5)1-95")a+(1—-2S57)(1—5")n for all o. (50)
Equations (48) and (50) imply

Zﬂ-ro Wy, = (67‘6: p> Ibr ZWEJS{O (ET ) Z'ﬂ'roaro npr + yr) (]- — Sf) - elnvj?

r
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We similarly obtain from equations (49) and (50)

P—6&\ - I I €r
E = W, E m. (1 =95 )+
7Tro T0 < > . ro ( 7"0) ( €
The previous two expressions and equation (47) yield an explicit solution for w,,

" _(O+e) (g —n DY 40, —1) S, (72 — 7)) ayo
SRR CErSI D WCEEALA

This can be re-expressed as

1 1 1
> Z’ﬂ'goaro"i_e_ (npr + yr) (1 — ST:,B)—E—?%{

W, = @ (nf —nl) + Z@roam, (51)
where
ol — 0+ e,
e 0+p)+0(p—e) L+, (7 — 7)) ST
and

0 (e — 1) (<
&O0+p) +0(p—e)1+>, (7B —xl)SL] > ro

Equation (51) provides an explicit solution for the log change in the relative occupation
wage of natives to immigrants, u?r, as a function of the relative log change in the supply
of immigrant to native workers, n! — n?  and the log change in the change in occupation
productivities, > (72 — 71,) a,,, where ®! and ®# represent the corresponding elasticities.
Finally, we can also solve explicitly for log changes in labor allocations as

(€, — ( Z WﬁSf(,) - 1) <am — Z Wgam>

@A: D I)

D 0+1
€ + 0

re

Signing ®!. Here, we prove that ® > 0. Let

2 = Z (wl =75 SL. (52)

J
The numerator of ®! is weakly positive. We consider two cases: (i) p > €, and (i1) p < €,.
In the first case (p > ¢,), we clearly have ® > 0, since 2z, < 1. In the second case (p > €,),
zr > 0 is a sufficient condition for <I>7{ > 0 since (I>£ > () — £ (é + %) < z,. Order

pP—€r
occupations such that

0<d =S8 <s!,
By definition, S!, = WL LI /(WLLL, +WELLE). Equations (10) and (11) imply

ro~—ro ro—"Tro ro-——ro

1

o+1
WELE Nk (z <z:fejwk>9“) |

jeo
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which, together with our restriction that Z*¥ = Z*

Teo 07

0+1
WhLk, = 97, (z (z:fjwfjf“) w

jeo

yields

where N} = >~ NE. Hence, we have

D D
3 (59

I p—
o 7T7, o

Let IT¥(0) = >~%_, 7% . Condition (53) is equivalent to stating that IIZ(0) dominates I1? (o)
in terms of the hkehhood ratio. This implies that IT (o) (first-order) stochastically dominates
1P (0). Since S!, is increasing in o, equation (52) therefore implies 2, > 0, which implies
®! > 0 if p < ¢,. Combining the two cases (p > ¢, and p < ¢,), we obtain the result that
®l > 0.

Signing ®4. Here, we prove that ® >0 <= (72 — 7l )¢, > 1. The denominator of ®
is strictly positive, since z, < 1 and p, 0, ¢, > 0. The numerator of ®* is positive if and only

if (72 —7l))e, > 1.

A.5 Relaxing restriction three: education-specific occupation com-
parative advantage

In our baseline analytic results we assumed that education cells did not differ in their relative
productivities across occupations: Z _/ZF == Zk 7k, = (restriction 3). Here we discuss
the conditions for crowding in or out when we relax this assumption (as is the case in the
data we use in our quantitative analysis). We impose that a,, = 0.

By equation (35) and (36),

= fuk, + Z <0 (—fwagey, + nf,) , (54)
where
wage Zﬂ-rea Wy
ocO
Equations (33), (34), and (43) (which do not use restriction 3) imply that

Lo+ (= €00) Stotlyo = —€rgy, + (1 = S7,) (npr + yr)

—w?,. For two occupations 0,0’ € g,
1212, + € (W — wh)) = (6rg — p) [SLtio — Skt - (55)
Consider first the case in which Z% _/ZF = ZF, /7%,  for k = D (satisfying restriction

T€eo re’o

3) but not for k = I. In this case Lo — Lnor ang equation (54) implies that [L — [P, =

, LD LrDO/ ro’ —

0 (wl), — wk)). Using (34), (55) can be re-written as

T0

where w,, = wg

wl —w?, =G =0 g1 o)
(€rg +6)
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If €,y = p, then w2 = w?, so by equation (35), I2 — 12 , =0 for 0,0 € g; that is there is
neither crowding in or out for native workers in g. If €4 # p, then the sign and magnitude
of (P —1IP  depends on S, S! . 10, and Wy,

Consider now the more general case in which we do not impose restriction 3 for either
k=D or k=1 We aim to understand under what conditions p = €,, implies neither
crowding in nor out in g, as under the assumption that restriction 3 holds. If p = ¢,,4, then

equation (55) (and the analogous equation for immigrant labor) implies that for o, 0" € g,

ko_ gk k k\ _
lyy = iy + €rg (wm — wm,) =0

which combined with equation (54) implies

wh —wk, = ! Z Lreo _ % (bwagel, —nl,) (56)
TO ro 6,,,9 + 0 - Lfo L7]f0/ re re

for k = D, I and 0,0 € g. If Qwage® — nk

. 1s common across education levels e, then
k ko 7k k
Wy = Wry = lreo - lreo’

i = 0 for all 0,0’ € g; that is, there is neither crowding in nor out
across occupations in g for worker k type.

We can use this result to understand why, in the calibrated model of Section 5 (in which
we do not impose restriction 3) setting €7 & p results roughly in neither crowding in nor
crowding out for natives workers within the set of tradable occupations, as in the model with
a single education group. This is because immigration induces only small differential changes
across education groups in native population across space (via endogenous mobility of native
workers) and in average wages within a region: that is, n2 ~ nf, and wagel ~ wageZ,
for all e,¢’. In contrast, in Section I of the Appendix we show that setting e, ~ p implies
that immigrant workers reallocate systematically across tradable occupations in response to
an inflow of immigrants. As shown in Section I, this is also the case in the data when we

consider the allocation regressions for immigrant workers.

B Alternative occupation production function

Here we provide an alternative set of assumptions on the occupation production that yield
the same equilibrium equations as the CES occupation production function in equation (1)
(under the restriction, which we do not impose in our baseline model, that p > 1). For
simplicity, here we suppress region indicators.

Setup. Suppose that there are two factors of production, domestic labor and immigrant
labor, indexed by k = D, I, with wages per efficiency unit of labor within occupation o given
by W2 and W!. Each occupation production function is itself a Cobb-Douglas combination
of the output of a continuum of tasks indexed by t € [0, 1]. Workers within each k& may differ
in their relative productivity across occupations, but not in their relative productivity across
tasks within an occupation.

The production function of task ¢ within occupation o is given by

Y, (1) = LD 1) (Z;D)”Lmi(t) (fj]t)”l‘l,
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where L¥ (t) is employment of efficiency units of factor k in task ¢ in occupation o and where
p > 1. Therefore, domestic and immigrant efficiency units of labor are perfectly substitutable
in the production of each task, up to a task-specific productivity differential. A lower value of
p implies that this productivity differential is more variable across tasks. The cost function
implied by this production function is C,(z) = min{CP(z),CI(z)}, where the unit cost of
completing task ¢ using domestic labor is

¢\
Crt)y=wp (ﬁ) :

whereas using immigrant labor it is

1—t\71
Cj(t)zwj(zl) .

o

The unit cost of producing each occupation equals its price and is given by

1
P,= exp/ InC,(t)dt.
0

Characterization. There exists a cutoff task, denoted by

1

= —
° 14+ H) (57)

for which firms are indifferent between hiring domestic and immigrant workers, where H, =
w2t w, = WP /WIand z, = ZP/ZI. The set of tasks in occupation o in which firms

o )

employ domestic workers is given by [0,%,) and the set of tasks in occupation o in which
firms employ immigrant workers is given by (t,,1]. Moreover, the share of expenditure on
domestic labor in occupation o is simply ¢,.

Given the cutoffs, we have

to 1
P, = exp ( / In CP(t)dt + / InC! (t)dt)
0

to

which can be expressed as

1 _
= e (T W) (s = )
p

The previous expression and equation (57) yield

1
1 1 H, p—1
P, = exp (1—> wlzh= (1+H ) .
_p 0

Together with the definition of H,, we obtain

Py =exp (1 ) (22000 4 2L WLy ) (58)
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exactly as in Dekle et al. (2008).
In Appendix A.1, we use equation (1) to derive only two equations: (33) and (34). Log
differentiating equation (58) and using equation (57), we obtain

D, D 1,1
pO:So wo +Sowo?

where S =t, and S! = 1 —t,, exactly as in equation (33). Moreover, the fact that ¢, is
the share of expenditure on domestic labor, equation (57), and the definition of H, together

imply
LD ZD WD —P
Ll zl (W5> |

Log differentiating the previous expression, we obtain equation (34).

C Imperfectly substitutable skilled and unskilled labor

Here we consider an isomorphic formulation of our model of Section 2 in which the imperfect
substitution between immigrant and native workers within an occupation arises from imper-
fect substitution between skilled and unskilled labor. While this model is isomorphic to our
baseline model, the impact of immigration depends on the skill mix of immigrants and the
skill-intensity of occupations. For simplicity, here we abstract from changes in productivity
and we consider a version of the model with a single g, as in Section A .4.

Occupations are produced combining unskilled and skilled labor according to

_ _ _pP
Quo = Au ((AULY) T + (4525)7 )"

where L¢. denotes efficiency units of workers with education e = U, S. Efficiency units
of native and immigrant workers of a given education are perfect substitutes within an
occupation, L¢, = L¢P + Ll where

e
or or?

Lk = ka/ ¢ (w,0)dw for all o, e, k,
week

Z¢* denotes the systematic productivity of workers of type k = D, I and education e = U, S
(which is equal across occupations), Q% denotes the set of e, k workers in region r (with
measure N¥), and ¢ (w, 0) is drawn independently from a Fréchet distribution. The total
measure of e, k workers in region r is given by N = S~ N¢k,

Under these assumptions, the ratio of efficiency units of native to immigrant workers
with education e is equal across occupations, L¢D /Lel = (NP ZeP) [/ (N ZeT). Allocations
and occupation wages can be solved for given “aggregate” supplies of workers by education,
summing up immigrant and natives, N¢ = NP Z¢P + Nel zel,

This framework is isomorphic to our baseline model, with education groups replacing
nativity groups. Hence, our baseline results on the impact of changes in the relative supply
of immigrant to native workers translate directly into results on changes in the relative
supply of low to high education workers. However, we remain interested in the impact of
immigration.
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The resulting comparative statics on immigration are very similar to those in our baseline
model. Specifically, consider changes in the supply of native or immigrant workers by edu-
cation, nP¢ and n¢, which result in changes in aggregate supplies of workers by education
given by
o _ NPZPugP + Ne'Zhng!

T NfDZfD—I—Nf[ZfI

Define the cost share of unskilled workers in occupation o as SY, = WY LU / (W%LTUO + qu,Lfo).
Changes in allocations and occupation wages for any are

n

ik —nthy = POy (56 s1)
€r

r0

and

€r — ~
wis —wil = gL (55, = S7L)

where the log change in the wage per efficiency unit of skilled to unskilled workers is w, =
UY (n¥ — n?) with WY > 0 defined analogously to ¥/ in our baseline model. According to
these results, an inflow of immigrants that increases the relative supply of unskilled workers,
nY > n? (which implies w, > 0), decreases relative employment of type e, k workers and (for
any finite value of 6) occupation wages in relatively unskill-intensive occupations (crowding
out) if and only if €, < p.
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Part 11
Empirical Appendix

D Summary statistics and occupation details

In this section we list the 50 occupations used in our baseline analysis, in Table 6. We
rank occupation tradability using our baseline measure from Blinder and Krueger (2013), in
Table 7. We provide balance tables across tradable and nontradable occupations using 1980
occupation characteristics and 2012 occupation characteristics, in Table 8. We list the 15
occupations that are the most and least intensive in low-education, middle-education, and
high-education immigrants, in Tables 9, 10, and 11. Finally, we provide summary statistics
illustrating the distribution of immigrant shares of regional employment in 1980 and 2012
in Figure 12, and the distribution across CZs of the within-region (i.e., across occupations)
coefficient of variation in immigrant cost shares for 1980 and 2012, where we display this
variation separately for nontradable jobs in Figure 13 and for tradable jobs in Figure 14.
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List of the 50 occupations used in

our baseline analysis

Executive, Administrative, and Managerial
Managerial Related

Social Scientists, Urban Planners and Architects
Engineers

Math and Computer Science

Natural Science

Health Assessment

Health Diagnosing and Technologists
Therapists

Teachers, Postsecondary

Teachers, Non-postsecondary

Librarians and Curators

Lawyers and Judges

Social, Recreation and Religious Workers
Arts and Athletes

Engineering Technicians

Science Technicians

Technical Support Staff

Sales, All

Secretaries and Office Clerks

Records Processing

Office Machine Operator

Computer and Communication Equipment Operator
Misc. Administrative Support

Private Household Occupations

Supervisors, Protective Services
Firefighting

Police

Guards

Food Preparation and Service
Health Service

Cleaning and Building Service
Personal Service

Agriculture

Vehicle Mechanic

Electronic Repairer

Misc. Repairer

Construction Trade

Extractive

Precision Production, Food and Textile
Precision Production, Other

Metal and Plastic Machine Operator
Metal and Plastic Processing Operator
Woodworking Machine Operator
Printing Machine Operator

Textile Machine Operator

Machine Operator, Other
Fabricators

Production, Other

Transportation and Material Moving

Table 6: Occupations for Baseline Analysis

Notes: We start with the 69 occupations based on the sub-headings of the 1990 Census
Occupational Classification System and aggregate up to 50 to concord to David Dorn’s occupation
categorization (http://www.ddorn.net/) and to combine occupations that are similar in education
profile and tradability but whose small size creates measurement problems (given the larger

number of CZs in our data).
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Most and least tradable occupations

Rank* | Twenty-five most tradable occupations Twenty-five least tradable occupations
1 Fabricators™ Social, Recreation and Religious Workers™
2 Printing Machine Operators™ Cleaning and Building Service™
3 Metal and Plastic Processing Operator™ Electronic Repairer™
4 Woodworking Machine Operators™ Lawyers and Judges™
5 Textile Machine Operator Vehicle Mechanic™
6 Math and Computer Science Police™
7 Precision Production, Food and Textile Private Household Occupations™
8 Records Processing Teachers, Postsecondary™
9 Machine Operator, Other Health Assessment™
10 Computer, Communication Equipment Operator Food Preparation and Service™
11 Office Machine Operator Personal Service™
12 Precision Production, Other Firefighting™
13 Metal and Plastic Machine Operator Related Agriculture™
14 Technical Support Staff Extractive™
15 Science Technicians Production, Other™
16 Engineering Technicians Guards™
17 Natural Science Construction Trade™
18 Arts and Athletes Therapists™
19 Misc. Administrative Support Supervisors, Protective Services™
20 Engineers Teachers, Non-postsecondary
21 Social Scientists, Urban Planners and Architects Transportation and Material Moving
22 Managerial Related Librarians and Curators
23 Secretaries and Office Clerks Health Service
24 Sales, All Misc. Repairer
25 Health Technologists and Diagnosing Executive, Administrative and Managerial

Table 7: The most and least tradable occupations, in order

Notes: *: for most (least) traded occupations, rank is in decreasing (increasing) order of
tradability score; T: occupations that achieve either the maximum or minimum tradability score.
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1980 2012
Characteristics of Workers Natives Immigrants Total Natives Immigrants Total
Share of female 0.49 0.47 0.49 0.51 0.46 0.51
Share of college and above 0.17 0.23 0.17 0.34 0.43 0.34
Share of non-white 0.10 0.25 0.11 0.17 0.57 0.24
16-32 0.44 0.37 0.44 0.30 0.25 0.29
Tradable Age distribution 33-49 0.33 0.40 0.33 0.37 0.48 0.39
50-65 0.23 0.23 0.23 0.33 0.28 0.32
Share in routine-intensive 0.45 0.39 0.44 0.40 0.35 0.39
Share in abstract-intensive 0.30 0.22 0.29 0.34 0.27 0.33
Share in communication-intensive 0.27 0.22 0.27 0.34 0.27 0.33
Total 0.46 0.03 0.50 0.37 0.07 0.44
Share of female 0.31 0.33 0.31 0.42 0.38 0.41
Share of college and above 0.20 0.18 0.20 0.34 0.24 0.32
Share of non-white 0.11 0.22 0.12 0.18 0.50 0.24
16-32 0.41 0.35 0.41 0.28 0.24 0.28
Nontradable Age distribution 33-49 0.35 0.40 0.35 0.39 0.49 0.40
50-65 0.24 0.24 0.24 0.33 0.27 0.32
Share in routine-intensive 0.07 0.10 0.07 0.07 0.11 0.08
Share in abstract-intensive 0.24 0.22 0.24 0.28 0.19 0.26
Share in communication-intensive 0.33 0.28 0.32 0.41 0.25 0.39
Total 0.47 0.03 0.50 0.46 0.10 0.56

Table 8: Characteristics of workers, 1980 in left panel and 2012 in right panel

Notes: Source for data is 1980 Census for the top panel and 2011-2013 ACS in the bottom panel. Values are weighted by annual
hours worked times the sampling weight.




Most and least immigrant-intensive

occupations (low-education immigrants)

15 most immigrant-intensive occupations

15 least immigrant-intensive occupations

Agriculture

Food Preparation and Service

Textile Machine Operator

Private Household Occupations

Arts and Athletes

Personal Service

Precision Production, Other

Metal and Plastic Machine Operator
Precision Production, Food and Textile
Metal and Plastic Processing Operator
Office Machine Operator

Printing Machine Operators

Health Technologists and Diagnosing
Fabricators

Cleaning and Building Service

Police

Firefighting

Woodworking Machine Operators
Social Scientists, Urban Planners and Architects
Engineers

Extractive

Electronic Repairer

Guards

Misc. Repairer

Science Technicians

Teachers, Non-postsecondary
Technical Support Staff
Managerial Related

Librarians and Curators
Therapists

Table 9: The 15 most and least immigrant-intensive occupations, defined in terms of
immigrant earning shares at the national level, for low-education immigrants (less than a
high-school education)

Most and least immigrant-intensive

occupations (medium-education immigrants)

15 most immigrant-intensive occupations

15 least immigrant-intensive occupations

Private Household Occupations
Arts and Athletes

Food Preparation and Service
Teachers, Postsecondary
Textile Machine Operator
Personal Service

Social Scientists, Urban Planners and Architects

Precision Production, Other
Health Assessment

Health Service

Office Machine Operator
Librarians and Curators
Engineers

Natural Science

Therapists

Firefighting

Extractive

Police

Lawyers and Judges
Woodworking Machine Operators
Transportation and Material Moving
Electronic Repairer

Construction Trade

Misc. Repairer

Science Technicians

Supervisors, Protective Services
Machine Operator, Other

Guards

Vehicle Mechanic

Fabricators

Table 10: The 15 most and least immigrant-intensive occupations, defined in terms of
immigrant earning shares at the national level, for medium-education immigrants (high
school graduates and some college education)
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Figure 12: Share of Immigrant Workers in total Commuting Zone Population

Most and least immigrant-intensive occupations (high-education immigrants)

15 most immigrant-intensive occupations

15 least immigrant-intensive occupations

Textile Machine Operator

Metal and Plastic Processing Operator
Health Diagnosing and Technologists
Private Household Occupations
Precision Production, Other

Metal and Plastic Machine Operator
Health Service

Office Machine Operator

Science Technicians

Food Preparation and Service
Engineers

Vehicle Mechanic

Natural Science

Teachers, Postsecondary

Health Assessment

Teachers, Non-postsecondary

Lawyers and Judges

Firefighting

Extractive

Supervisors, Protective Services

Police

Woodworking Machine Operators
Agriculture

Therapists

Social, Recreation and Religious Workers
Sales, All

Construction Trade

Transportation and Material Moving
Executive, Administrative, and Managerial
Librarians and Curators

Table 11: The 15 most and least immigrant-intensive occupations, defined in terms of
immigrant earning shares at the national level, for high-education immigrants (a college
degree or more)
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Figure 13: Coefficient of Variation of S/, across Nontradable Occupations within CZ

Figure 14: Coefficient of Variation of SZ across Tradable Occupations within CZ
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E Robustness

In this section we conduct sensitivity analysis of our baseline regressions, where we start by
presenting results for the allocation regressions (baseline results are in Table 1) and follow
these with results for the labor payment regressions (baseline results are in Table 2).

First, in Section E.1, we examine evidence of persistent confounding trends and check
robustness to alternative sample restrictions. By regressing outcomes over 1950 to 1980 on
the immigration shock over 1980 to 2012, we check whether our results may be contaminated
by secular regional trends in labor demand. Sensitivity to such trends is a common critique
of the Card approach. We then vary the time period for our analysis, by changing the start
year or the end year, and the set of commuting zones included in the sample, by dropping the
five largest immigrant-receiving CZs. These exercises allow us to check whether our results
may be subject to confounding factors that are unique to our baseline 1980 to 2012 period
and whether our results may be contaminated by the presence of these large CZs, shocks
to which may affect national immigration patterns. We discuss results for these analyses
in more detail below. In Section E.1, we also alter the start year and the end year of our
analysis.

Second, in Section E.2, we consider alternative methods to construct our instrumental
variables. We replace initial immigrant cost shares in (26), SZ_,, with alternative cost shares
constructed using data on regions with similar aggregate shares of immigrants (shares of
foreigners out of total population) as region r, ST, . Specifically, we first calculate the share
of immigrants in each region-education cell in 1980.% For a given region r, we calculate
the absolute difference in the share of immigrants—for each education group—between r
and all the other regions that are not in the same state as r. We then take the average
value of the differences across the three education groups to obtain a single measure for
each of the out-of-state regions. Finally, we select the top 50 regions with the smallest
average difference in immigrant shares to construct the alternative immigrant cost share,
St .., using the employment-weighted average immigrant cost shares for these 50 regions.
This check addresses concerns about the endogeneity of (initial) immigrant cost shares to
(persistent) regional technology shocks In the second check, we replace our baseline cost
shares measured in 1980 with alternative cost shares measured as the average of 1970 and
1980 values. This check addresses concerns about measurement error in cost shares. Because
the results for these alternative instruments are substantially the same as those reported in
Section 4.4 (both for the allocation regressions and for the labor payment regressions), we
do not discuss them further below.

Third, in Section E.3, we vary the definition of tradable and nontradable occupations.
The exercises we perform include (i) dropping the middle eight occupations in terms of
tradability, leaving 21 tradable and nontradable occupations; and (ii) redefining tradable
occupations as, instead of being those above the 50" percentile of tradability, being those
either above the 40" percentile of tradability or above the 60" percentile of tradability,
where the first alternative creates 30 tradable and 20 nontradable occupations and the second
creates 20 tradable and 30 nontradable occupations. Again, because these results are very

55The education groups are less than a high-school education, high-school graduates and those with some
college education, and college graduates.
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similar to those reported in Section 4.4 (both for the allocation and the labor payment
regressions), we do not discuss them in more detail below.

Fourth, in Section E.4, we present evidence to rule out alternative explanations for our
empirical results, by dropping workers employed in the top quartile of occupations in terms
of intensity in routine tasks or by dropping workers in occupations in the top quartile of
occupations in terms of intensity in communication tasks. The first restriction addresses
concerns about confounding factors related to pressures for automation in routine-intensive
jobs, while the second addresses concerns about the insulation of native workers from im-
migration impacts in jobs requiring language-based interaction. These results are also very
similar to those reported in Section 4.4 and we do not discuss them further.

Fifth, in Section E.5, we examine the sensitivity of the results to alternative aggrega-
tion schemes for the 50 occupations that we use in the analysis in order to verify that our
results are not somehow conditioned by the particular scheme that we employ (from 69 oc-
cupations based on the sub-headings of the 1990 Census Occupational Classification System,
up to 64 occupations that are consistent across time following David Dorn’s categorization
(http://www.ddorn.net/) and combining agriculture related occupations, and then up to
50 occupations to combine occupations that are similar in education profile and tradability
but whose small size creates measurement problems, given the larger number of CZs in our
data). When we either expand the set of occupations to 59—by breaking out all but the five
occupations with the smallest cell sizes at the tenth percentile across CZs in the 1980 Cen-
sus—or contract the set of occupations to 41—by dropping all of our baseline occupations
that are aggregates of David Dorn’s categorization—we obtain results that are substantially
the same as those in Section 4.4 and we do not elaborate on these findings.

Sixth, in Section E.6, we move from separating occupations according to their trad-
ability to separating industries according to their tradability. Following convention, we
define tradable industries to include goods producing sectors—agriculture, manufacturing,
and mining—and nontradable industries to include services. Our discussion of these results
is below.

E.1 Persistent regional trends and alternative periods

In Section E.1.1, we redefine the time period for the dependent variable to be changes over
1950 to 1980, rather than over 1980 to 2012, while keeping the regressors the same. In this
manner, we check whether current immigration shocks relate to common changes in native
allocations and total labor payments in both the current period and the pre-period, which
if true could indicate that our results are the byproduct of persistent local labor demand
shocks (that drive both immigration and changes in local labor market outcomes). Because
region-occupation labor markets are subject to myriad shocks across space and time, we
recognize that the immigration flows on which we focus may not be the most important
shock affecting these units. Our intent in this section is, in the presence of many possible
shocks, to verify that our results on native allocations and total labor payments are not the
result of persistent regional labor demand shocks (such that our regressions would deliver
qualitatively similar impact coefficients no matter if the time period for the immigration
shock preceded or succeeded the change in outcomes to which they were matched).

Table 12 shows that the 2SLS-estimated impact of the current immigration shock on
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the allocation of low-education native workers within tradable occupations in the pre-period
is negative and insignificant, whereas this impact is zero in our baseline results in Table
1. The analysis also yields a 2SLS coefficient on the immigration shock interacted with
the nontradable dummy that is positive and insignificant, as opposed to negative and pre-
cisely estimated in Table 1. Turning to high-education workers, the 2SLS coefficient on the
immigration shock in Table 12 is negative and significant, as opposed to zero in Table 1,
indicating that future immigration shocks, z,,, are higher in tradable occupations with lower
past native employment growth; the 2SLS coefficient on the immigration shock interacted
with the nontradable dummy reverses sign from Table 1 and is positive and significant.
The null effects of immigration on native-born employment in tradable occupations and the
crowding-out effect of immigration on native-born employment in nontradable occupations
are thus not evident when we examine the correlation of current immigration shocks with
past changes in native-born employment.

A potential explanation for the coefficient estimates in Table 1 having the opposite signs
from those in Table 12—in which the native employment change is for 1950-80 and the im-
migration shock is for 1980-2012—is that the immigration shock for 1980-2012 is negatively
correlated with the corresponding shock for 1950-80. We cannot test this hypothesis for
the same reason that we cannot estimate the impact of immigration shocks on native labor
market outcomes in the 1950-1980 period: we cannot construct the region-occupation im-
migration shock, x,,, for the period 1950-1980. To construct x,,, we require immigrant cost
shares by education cell, S7, . However, in the 1950 census, the vast majority of observations
are missing either education or income information.

In Table 13, we repeat the analysis in Table 12, now defining the outcome variable to
be the change in total labor payments by region and occupation over the 1950 to 1980
period. Whereas in our baseline Table 2 the immigration shock for 1980 to 2012 causes
a contemporaneous increase in labor payments to more immigrant-intensive occupations
within tradables and a null effect within nontradables, we see no such impact of the same
shock on outcomes for labor payments in the pre-period. The 2SLS coefficients in Table 13
show a zero effect of the current-period immigration shock on the pre-period change in labor
payments, either within nontradables or within tradables. We interpret the results in Tables
1 and 13 as evidence against the hypothesis that our results are the byproduct of persistent
local labor demand shocks that are responsible both for immigration inflows to a region and
for regional changes in occupational employment and labor payments.

In Section E.1.2, we alter the beginning year or the end year of our analysis. When
altering the end year from 2012 to 2007 in Tables 14 and 15, such that the sample period
now excludes the Great Recession and subsequent recovery, the results are qualitatively very
similar to those in Section 4.4: immigration leads to stronger crowding out of natives within
nontradables compared to within tradables and to a larger increase of total labor payments
within tradables compared to within nontradables. When altering the beginning year of the
analysis from 1980 to 1990 in Tables 16 and 17,56 there is still clear evidence among high-
education workers of stronger crowding out within nontradables relative to within tradables,

56When calculating z,,

using 1980 data. When calculating z,, and z
data.

Ie are calculated

are calculated using 1990

allocations of immigrants by source country across regions,
* , immigration cost shares, S

ro’ reo’
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but among low-education workers evidence of stronger crowding out within nontradables
is weaker. While for the high-education group the 2SLS-estimated impact of immigration
on native allocations within nontradables is negative and precisely estimated, for the low-
education group it is close to zero and imprecise. The labor payments regressions, however,
continue to show evidence of stronger output adjustment within tradables compared to
within nontradables. Within tradables, immigration leads to a significant increase in labor
payments in more immigrant-intensive occupations, whereas within nontradables this impact
is much smaller and statistically indistinguishable from zero.

Finally, in Section E.1.3, we rerun our allocation and labor payment regressions, ex-
cluding from the sample the five largest immigrant-receiving commuting zones (Los Ange-
les/Riverside/Santa Ana, New York, Miami, Washington, DC, and Houston). These CZs are
major gateway cities for immigrants. It is conceivable that productivity shocks to immigrant-
intensive occupations in these localities could affect immigrant inflows in the aggregate for
the U.S., which could create a source of simultaneity bias in the estimation. In Tables 18
and 19 we see, however, that our are results are materially unchanged by excluding these
commuting zones.

E.1.1 Persistent regional employment trends

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1950-1980

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 25LS RF OLS 2S5LS RF
ZTro -.2898*F  -.3927  -.4645%* | -.3765% - 7862%*F* - 58THIH*
((1406)  (.324)  (.2169) | (.2038)  (.2689)  (.1906)
I, (N) xpo 313712204 2497F | 98B 1 534Kk 1 THR*
((1235)  (.2168) (.1396) | (.237)  (.2714)  (.1987)
Obs 21669 21669 21669 6420 6420 6420
R-sq oV 716 718 .654 .653 .655
Wald Test: P-values ‘ 0.78 0.31 0.16 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 35.28 18.81
I, (N) 20 20.31 53.08

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + B2 = 0.

Table 12: Testing for persistent trends in region-occupation employment growth
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Dependent variable: log change in labor payments in a region-occupation, 1950-1980

(1) (2) (3)
OLS 2SLS  RF
Ty -0103  -.0054  -.1792
(.1557) (.3645) (.3064)
Io (N) @1 2236 0245 .0775
(.177)  (.3406) (.2668)
Obs 23321 23321 23321
R-sq 808 .808  .808
Wald Test: P-values | 0.01 079  0.50
A-P F-stats (first stage)
Tro 42.58
Lo (N) @ 23.04

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 13: Testing for persistent trends in region-occupation employment growth

E.1.2 Alternative time periods

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2007

(1) (2) 3) (1) (2) (3)
Low Ed High Ed

OLS 2SLS RF OLS 2SLS RF
Tro .081 -.0404  -.0495 -.0341 -.0967 -.1033

(0797)  (1525) (.1059) | (.0436)  (.0665)  (.0764)
T, (N) 2, CABBIFFE _ABITHF - 3543% | L 3301%FF  _3GTTRRE - 3093%

(0858)  (.1895) (.1915) | (.0988)  (.1152)  (.086)
Obs 31596 31596 31596 23215 23215 23215
R-sq 789 789 788 .649 .648 .649
Wald Test: P-values 0.00 0.00 0.00 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 120.63 67.24
I, (N) Zro 64.89 66.80

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 14: Alternative period: 1980-2007
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Dependent variable: log change in labor payments in a region-occupation, 1980-2007

(1) (2) (3)
OLS 2SLS RF
Tro 3552%x* - 3520%%  2613**
(.1074) (.1387)  (.1057)
I, (N) z - 3916%** - ABETHH* - 34nHH*
(1245)  (.1321)  (.0834)
Obs 34738 34738 34738
R-sq .888 .888 887
Wald Test: P-values ‘ 0.27 0.04 0.10
A-P F-stats (first stage)
Tro 64.02
I, (N) 2o 104.47

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 15: Alternative period: 1980-2007

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1990-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Tro 1875%* 1396 .1908** | -.0481 -.2219* -.146
(.0895) (.1035) (.0768) | (.0892)  (.1316) (.1187)
I, (N) 2o -.2702%F 0145  -.0068 | -.216%* -.3388*** _ 3051***
(.1148)  (.3739) (.2308) | (.1053)  (.1311)  (.1118)
Obs 33957 33957 33957 | 28089 28089 28089
R-sq 776 776 776 .601 .6 .602
Wald Test: P-values ‘ 0.25 0.60 0.36 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 64.13 56.23
I, (N) Zro 21.33 39.41

To construct the Card instrument, we use the 1980 immigrant distribution by source region and
education. Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%.
For the Wald test, the null hypothesis is 8” + 8% = 0.

Table 16: Alternative period: 1990-2012
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Dependent variable: log change in labor payments in a region-occupation, 1990-2012

(1) (2) (3)
OLS 2SLS RF
Tro 5592¥HE 513FFRK T 7HIHE
(.0818)  (.1302)  (.1192)
Io (N) @rq - AB36*FF - 2602% - 557K
(.091)  (.1497)  (.0945)
Obs 35127 35127 35127
R-sq 869 869 87
Wald Test: P-values |  0.08 0.17 0.02
A-P F-stats (first stage)
Tro 71.57
Io (N) o 24.01

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 17: Alternative period: 1990-2012

E.1.3 Dropping large commuting zones

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS  2SLS  RF
Zro 0881 0406 0274 0084 -.0544  -.0508
(.0534)  (.0895)  (.0739) | (.0431) (.0722) (.0597)
Lo (N) 2o S2722FKF L BRTTRRE L 3400% K | L 1791RF - 2229%  -.1961
(.0854)  (.0779)  (.0934) | (.0874) (.1295) (.1182)
Obs 33473 33473 33473 | 26405 26405 26405
R-sq 827 827 827 687 687 687
Wald Test: P-values | 0.04 0.00 0.00 | 0.03 0.00  0.01
F-stat (first stage) | 26.98 | 35.39
A-P F-stats (first stage)
Zro 29.86 22.79
Lo (N) 2o 27.66 41.44

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 18: Dropping top 5 immigrant-receiving commuting zones
Drop 5 largest immigrant-receiving CZs: LA /Riverside/Santa Ana, New York, Miami, Washington DC, Houston.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1)

(2) (3)

OLS 2SLS RF
Tro 2844%%% 155 1294
(.0736)  (.1056)  (.1003)
I, (N) 2, ~2067FF - 1894%* - 177*
(.0881)  (.0962) (.0914)
Obs 34642 34642 34642
R-sq 895 895 895
Wald Test: P-values | 0.14 0.58 0.35
A-P F-stats (first stage)
Tro 40.76
L, (N) 2 35.57

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the

Wald test, the null hypothesis is v + vy = 0.

Table 19: Dropping top 5 immigrant-receiving commuting zones

Drop 5 largest immigrant-receiving CZs: LA /Riverside/Santa Ana, New York, Miami, Washington DC, Houston.
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E.2 Instrumentation

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Tro 089* 2156 1262 0223 -.0964 -.08
(.0492)  (.1669)  (.1013) | (.036) (.126) (.085)
Lo (N) 2o S.3034FKF - BLO4TRE L 523ERHK | - 3088FKF - 9923*HFK - (446%F+
(.0615)  (.2406)  (.164) | (.0973)  (.2236)  (.1699)
Obs 33723 33723 33723 26644 26644 26644
R-sq 0.84 0.83 0.84 0.70 0.69 0.70
Wald Test: P-values | 0.00 0.00 0.00 | 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 54.62 46.42
I, (N) @, 35.67 49.07

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 20: Using S_,., to calculate the instrument

S_reo is constructed using 50 out-of-state CZs with share of immigrants most similar to r.
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Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) 3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Tro .089* -.0009 -.0049 .0223 -.0728 -.0375
(.0492) (.0931) (.058) (.036) (.0718) (.0473)
I, (N) z =.3034%H% L 3007H** -2272%H* | - 3088k - 5027 - 2387
(.0615) (.1153) (.0856) (.0973) (.1767) (.1038)
Obs 33723 33723 33723 26644 26644 26644
R-sq 836 .836 .836 699 .697 .699
Wald Test: P-values ‘ 0.00 0.00 0.00 ‘ 0.00 0.00 0.00
F-stat (first stage) | 102.93 | 83.89
A-P F-stats (first stage)
Tro 131.70 25.76
I, (N) xpo 45.28 47.09

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is ” + 8% = 0.

Table 21: Using the average values in 1970 and 1980 to construct immigrant share of labor

payments S7_

Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Tro B918**Kk 1 293% kK 7RTIRRH
(.1147) (.2079) (.1691)
I, (N) z., - 3512%FF 1 .212%FF  _ G4TTHRHK
(.1157) (.2038) (.1487)
Obs 34892 34892 34892
R-sq 0.90 0.89 0.90
Wald Test: P-values ‘ 0.38 0.40 0.31
A-P F-stats (first stage)
Tro 52.56
I, (V) yo 46.25

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 22: Using S_,., to calculate the instrument

S_reo is constructed using 50 out-of-state CZs with share of immigrants most similar to r.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Lro 3918FFF  5g2RE 3589%*
(.1147)  (.2319)  (.1541)
I, (N) 2o S 3512%HK G301 HFF - 794k
(1157)  (.2223)  (.1392)
Obs 34892 34892 34892
R-sq 897 897 897
Wald Test: P-values |  0.38 0.62 0.70
A-P F-stats (first stage)
Lro 175.66
Lo (N) zrg 57.73

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 23: Using the average values in 1970 and 1980 to construct immigrant share of labor
payments S’

T€eo
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E.3 The cutoff between tradable and nontradable occupations

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Tro .2383%** 1571* A177* .0866* .0332 .0436
(.0585) (.0849) (.0673) (.0511) (.0869) (.0868)
I, (N) z, S 4393*FF L 4809*FF L 3941*FF | - 3964FF* - 4863FF* - 4239%**
(.0958) (.0948) (.0874) (.1096) (.1317) (.1171)
Obs 28035 28035 28035 21262 21262 21262
R-sq .827 .827 .827 .692 .691 .692
Wald Test: P-values ‘ 0.02 0.00 0.00 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 74.19 63.81
I, (N) xpo 56.58 46.09

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 24: Alternative tradability cutoff (21T and 21N)

Include the top 21 most tradable (and least tradable) occupations, dropping 8 middle occupations.
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Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Tro .0353 -.0846 -.0407 -.0114 -.0683 -.0617
(.0508) (.0846) (.0571) (.0308) (.0551) (.0488)
I, (N) z -.2262%KF L Q515K L 244R%HK | L 026K - 3R 3042%K*
(.0727) (.0813) (.0752) (.0928) (.1155) (.0934)
Obs 33723 33723 33723 26644 26644 26644
R-sq .832 .832 .832 7 7 7
Wald Test: P-values ‘ 0.02 0.00 0.00 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 126.73 52.29
I, (N) xpo 55.62 47.39

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 25: Alternative tradability cutoff (30T and 20N)

Separate 50 occupations into 30 tradable and 20 nontradable occupations.

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed

OLS 2SLS RF OLS 2SLS RF
Tro 232%F% 0 1484%  1156* 0867 0267 0454

(.0585)  (.0844)  (.067) | (.0574)  (.0943)  (.0919)
L, (N) @y, S 3931HHH 2063 FF - 2335%FF | L BIRIHRK _BH2FRE _ 34gH*

(.084) (.083)  (.0735) | (.0936)  (.1186)  (.1151)
Obs 33723 33723 33723 26644 26644 26644
R-sq 84 84 839 698 698 699
Wald Test: P-values | 0.01 0.00 0.00 | 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 72.34 71.89
I, (N) @, 53.20 42.21

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 37 + ﬁﬁ =0.

Table 26: Alternative tradability cutoff (20T and 30N)

Separate 50 occupations into 20 tradable and 30 nontradable occupations.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Tro H8IYZFHH - GhH4THRK 5115 Hkk
(1276)  (.1563)  (.1100)
I (N) z, -.5B3JHHH - GOpTIRK 532K
(.1332)  (.1316)  (.0843)
Obs 29122 29122 29122
R-sq .893 .893 .892
Wald Test: P-values 0.41 0.65 0.77
A-P F-stats (first stage)
Tro 50.58
I, (N) 2vo 88.03

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 27: Alternative tradability cutoff (21T and 21N)

Include the top 21 most tradable (and least tradable) occupations, dropping 8 middle occupations.

Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Tro .349%** .2964* 2T42%*
(.1037)  (.1515)  (.1265)
I (N) Zyo -.3232%FF L 3465 F* - 3023%**
(.0926) (.0822) (.0676)
Obs 34892 34892 34892
R-sq .895 .895 .895
Wald Test: P-values 0.52 0.59 0.70
A-P F-stats (first stage)
Tro 81.81
I, (N) o 89.99

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 28: Alternative tradability cutoff (30T and 20N)

Separate 50 occupations into 30 tradable and 20 nontradable occupations.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Tro 6055¥HF  G8ATHH*  5256%
(1317)  (162)  (.1139)
Io (N) #pq -5E29FRE - GRITHRK  5043%**
(1244)  (122)  (.0863)
Obs 34892 34892 34892
R-sq 902 901 901
Wald Test: P-values |  0.31 0.97 0.75
A-P F-stats (first stage)
Tro 55.32
Io (N) @ 65.89

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 29: Alternative tradability cutoff (20T and 30N)

Separate 50 occupations into 20 tradable and 30 nontradable occupations.

E.4 Alternative mechanisms

Dependent variable: log change in the employment of domestic workers in a

region-occupation, 1980-2012
(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 28LS RF
Tro .0826* 1375%* 11 -0517  -.0746  -.0517
(.0442) (.0655) (.0672) (.036)  (.0614)  (.057)
I, (N) xpo S 3045%H% 4347 L 3502%x | L 2212%FK - 3263 -.2901**
(.0972)  (.0831)  (.0643) | (.0921)  (.1284)  (.1146)
Obs 32997 32997 32997 24693 24693 24693
R-sq .822 .822 .822 .706 .706 707
Wald Test: P-values |  0.01 0.00 0.00 | 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 82.28 43.91
I, (N) 2y 63.32 56.13

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 30: Dropping workers employed in routine-intensive occupations

Drop workers in routine-intensive occupations, defined as occupations that have a routine intensity (Autor and Dorn (2013))

higher than 75% of all workers.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1)

(2)

(3)

OLS 2SLS RF
Tro 3282%F  3854%  3458%*
(.1341)  (.2166)  (.1755)
I, (N) Zyo S.2004%F - 4286%* - 3768
(.1382)  (.1756)  (.1256)
Obs 33817 33817 33817
R-sq 89 89 891
Wald Test: P-values | 0.46 0.69 0.70
A-P F-stats (first stage)
Tro 63.20
Lo (N) 7o 86.31

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the

Wald test, the null hypothesis is v + vy = 0.

Table 31: Dropping workers employed in routine-intensive occupations

Drop workers in routine-intensive occupations, defined as occupations that have a routine intensity (Autor and Dorn (2013))

higher than 75% of all workers.
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Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

n 2 ® | W 2) 3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
B 1124* -.0476  -.0256 -.0146 -.1364 -.116
(.0661)  (.1156) (.0821) | (.0541) (.0875) (.0852)
BR -.2063%FFF  J2111%F - 1997 | -.2343%*F 3417k _27T7R*HK
(.074) (.1154) (.1032) (.079) (.1205) (.0996)
Obs 31172 31172 31172 22972 22972 22972
R-sq .839 .838 .839 672 671 672
Wald Test: P-values ‘ 0.01 0.00 0.00 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Zyo 63.60 120.90
I, (N) xpo 95.72 101.70

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 32: Dropping workers employed in communication-intensive occupations

Drop workers in communication-intensive occupations, defined as occupations that have a communication intensity index

(Peri and Sparber (2009)) higher than 75% of all workers.

Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
v A441FF% 0 4082*%*F 3781 F**
(.119) (.168) (.1347)
YN -.3639%%F  _ 3259%F  _ 3107**
(.126) (.1601) (.1275)
Obs 31974 31974 31974
R-sq .883 .883 .882
Wald Test: P-values 0.12 0.33 0.25
A-P F-stats (first stage)
Tro 66.80
I, (N) ro 113.15

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 33: Dropping workers employed in communication-intensive occupations

Drop workers in communication-intensive occupations, defined as occupations that have a communication intensity index

(Peri and Sparber (2009)) higher than 75% of all workers.
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E.5 Alternative occupation aggregations

Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
pP .106%* .0193 .0179 -.0237 -.088 -.0711
(.0467) (.0886) (.0626) (.0317) (.06) (.0516)
BR S 243THFE L 2454%FF L Q083*FF | - 2636%F* - 3364%*F* - 2TTOFF*
(.0664) (.0729) (.0656) (.0883) (.1114) (.0975)
Obs 40218 40218 40218 31069 31069 31069
R-sq .825 .825 .825 671 .67 671
Wald Test: P-values ‘ 0.06 0.00 0.00 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 90.36 39.79
I, (N) xpo 78.33 100.35

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 34: Disaggregating to 59 occupations
From 50 occupations, we disaggregate all but the five occupations that have the smallest cell sizes at the tenth percentile
across CZs in the 1980 Census. These are Social Scientists and Urban Planners, Health Diagnosing, Adjusters and

Investigators, Precision Textile, and Precision Wood.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1)

(2)

(3)

OLS 2SLS RF
7y BT46*** 3593%* 3012%*
(.1027)  (.1469)  (.1183)
N 302K 34G3FHK L 2849%H*
(.1081)  (.1191)  (.0897)
Obs 41390 41390 41390
R-sq .889 .889 .888
Wald Test: P-values | 0.08 0.85 0.75
A-P F-stats (first stage)
Tro 58.65
I, (N) &y, 99.70

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the

Wald test, the null hypothesis is v + vy = 0.

Table 35: Disaggregating to 59 occupations

From 50 occupations, we disaggregate all but the five occupations that have the smallest cell sizes at the tenth percentile

across CZs in the 1980 Census. These are Social Scientists and Urban Planners, Health Diagnosing, Adjusters and

Investigators, Precision Textile, and Precision Wood.
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Dependent variable: log change in the employment of domestic workers in a
region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
P 2134 .0871 .0946 -.0501 -.1433  -.1135
(.0793) (.1244) (.1163) (.0531) (.0919)  (.0861)
BR S.3947HK _ 4358*HK 391K | L 2377RFK L 2745%F - 2290%*
(.1203)  (.1267)  (.1114) | (.0903)  (.135)  (.1254)
Obs 27475 27475 27475 20565 20565 20565
R-sq .837 .837 .837 712 712 712
Wald Test: P-values ‘ 0.04 0.00 0.00 ‘ 0.00 0.00 0.00
A-P F-stats (first stage)
Tro 96.12 53.21
I, (N) 20 70.21 94.91

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is 32 + 82 = 0.

Table 36: 41 occupations

Drop all nine baseline occupations that are aggregates of David Dorn’s categorization. Occupations dropped are Social

Scientists, Urban Planners and Architects, Health Technologists and Diagnosing, Secretaries and Office Clerks, Records

Processing, Misc. Administrative Support, Precision Food and Textile, Precision Other, Production Other, and

Transportation and Material Moving.
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Dependent variable: log change in labor payments in a region-occupation, 1980-2012

(1) (2) (3)
OLS 2SLS RF
v B0AREE 5ATANE 44BEFF
(.1626)  (.26)  (.1875)
N -.5003**F - 606*F*F - 4866*F*
(.1529)  (.191)  (.1305)
Obs 28447 28447 28447
R-sq 894 894 894
Wald Test: P-values |  0.42 0.49 0.57
A-P F-stats (first stage)
Ty 81.08
Lo (N) 2y 93.18

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 37: 41 occupations
Drop all nine baseline occupations that are aggregates of David Dorn’s categorization. Occupations dropped are Social
Scientists, Urban Planners and Architects, Health Technologists and Diagnosing, Secretaries and Office Clerks, Records
Processing, Misc. Administrative Support, Precision Food and Textile, Precision Other, Production Other, and

Transportation and Material Moving.

E.6 Industry analysis

In this section, we report results for our labor allocation and labor payments regressions
applied to industries rather than to occupations. We categorize all goods-producing indus-
tries—agriculture, mining, and manufacturing—as tradable and all service-producing indus-
tries as non-tradable. In Table 38, we list the 34 industries considered in this analysis, based
on the sub-headings of the 1990 Census Industry Classification System. This alternative
industry-based classification has the advantage of using categories that are familiar to trade
economists in terms of the activities that are conventionally deemed tradable or nontradable.
It has the disadvantage, however, of excluding from tradables portions of the service sector
in which activity appears to be highly traded. Because these activities are often occupation
specific (e.g., programming software, managing businesses, designing buildings), we use an
occupation-based measure in our baseline analysis.®”

57 Alternative categorizations of industry tradability include Mian and Sufi (2014), who measure trad-
ability according to geographic Herfindahl-Hirschman Indexes, following the logic that more geographically
concentrated industries are likely to be more tradable. Relative to our approach, HHIs have the appealing
property of designating some services as tradable (e.g., finance and insurance), but the unappealing prop-
erty of designating some obviously tradable goods as nontradable (e.g., agriculture, food products, lumber,
metal products, mining, non-metallic minerals, paper products, plastics). Nevertheless, we find qualitatively
similar results using our designation of industry tradability and in unreported results in which we define
tradable (nontradable) industries as those with above (below) median HHIs.
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Tradable and non-tradable industries (goods vs. services)™

Tradable industries

Non-tradable industries

Agriculture, forestry and fisheries
Mining

Transportation equipment

Professional and photographic equipment and watches

Petroleum and coal products

Toys, amusement, and sporting goods
Printing, publishing and allied industries
Apparel and other finished textile products
Manufacturing industries, others
Machinery and computing equipment

Rubber and miscellaneous plastics products

Retail trade

Personal services

Professional and related services
Transportation

Wholesale trade, durables

Wholesale trade, nondurables
Communications

Business and repair services

Finance, insurance, and real estate
Entertainment and recreation services

Utilities and sanitary services

Textile mill products

Chemicals and allied products

Leather and leather products

Electrical machinery, equipment, and supplies
Furniture and fixtures

Tobacco manufactures

Food and kindred products

Lumber, woods products (except furniture)
Paper and allied products

Stone, clay, glass and concrete products

Table 38: Tradable and non-tradable industries

Notes: T: We group all goods, i.e. agriculture, mining and manufacturing, as tradable industries;
and all services as non-tradable industries. We drop the construction industry for this analysis.

When we revisit our baseline analyses using industries, Table 39 shows that our allocation
regressions are largely robust to using industries in place of occupations, and Table 40 shows
that our labor payments regressions are fully robust to replacing occupations with industries.
In the allocation regressions, the impact of the immigration shock on tradables is positive
but imprecisely estimated, consistent with the absence of crowding in or crowding out within
tradables in our baseline analysis. Of course, the elasticity of substitution between natives
and immigrants within industries need not take the same value as its counterpart within
occupations. Hence, the key prediction is for the interaction between the immigration shock
and the nontradable dummy. This interaction term is negative and precisely estimated in all
regressions for high-education workers; while it is negative in all regressions for low-education
workers, it is only significant in the OLS specification. The results for our labor payments
regression applied to industries are very similar to our baseline results. There is a positive and
significant effect of immigration on labor payments for more immigrant-intensive industries
within tradables and an effect within nontradables that is indistinguishable from zero.
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Dependent variable: log change in the employment of domestic workers in a
region-industry, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Tro .2437%% 5703 6082 | .4303%** 5399 B5763**
(.1168) (.4385) (.4095) | (.1313)  (.3954)  (.293)
I, (N)z, -.3469%%  -485  -4736 | -.7248%FF  -9628%*F - 887X
(1371)  (A177) (.3525) | (.1803)  (.4886)  (.3226)
Obs 22193 22193 22193 17203 17203 17203
R-sq 827 .826 .828 7123 723 723
Wald Test: P-values 0.35 040 024 | 0.0l 0.01 0.01
F-stat (first stage) | 51.65 | 81.62
A-P F-stats (first stage)
Tro 102.77 65.90
To (N) 21 75.21 48.48

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is ” + 8% = 0.

Table 39: Domestic allocation of workers across industries using goods-producing industries
as tradable and service industries as non-tradable

Dependent variable: log change in labor payments in a region-industry, 1980-2012

(1) (2) (3)
OLS 2SLS RF
Tro A437FFF Qh3H*F  7295%*
(.1661)  (.4569) (.3101)
I, (N) zo S ATA3FR* _8382*%  -.5719*
(.1803) (.5033)  (.3148)
Obs 22014 22014 22014
R-sq .838 .836 .839
Wald Test: P-values ‘ 0.80 0.35 0.16
A-P F-stats (first stage)
Tro 52.84
I (N) o 31.93

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is v + vy = 0.

Table 40: Labor payments across industries using goods-producing industries as tradable
and service industries as non-tradable
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F Additional wage analysis

In examining the impact of immigration on native-worker wages in Section 4.5, we treat
the unit of analysis as the region-education group and consider how immigration shocks to
tradable and nontradable occupations within regions aggregate up to affect region-education-
level outcomes. We aggregate up to the region-education group level because we do not
observe (in our data) wages per efficiency unit at the region-occupation level, which is the
outcome targeted by our theory. At the region-occupation level, all we observe empirically
is the change in the average wage for workers in a region-education-occupation cell, which
conflates changes in wages per efficiency unit with changes in wages driven by changes in
the composition of workers in the region-education-occupation, as workers select into or out
of occupations and (or) regions in response to changing labor market conditions. With a
Fréchet-distribution of idiosyncratic productivity draws, these two forces exactly balance
out, implying that changes in average wages are equal across occupations within a region for
natives. Specifically, defining Wagef = W LF /N as the average wage paid to native

reo ro-—reo
workers in region r, education e, and occupation o, we have

—1

Wagey., = YW, Zro (me0) 7

roT—Treo
1

- (e 59

jeo

where the first equality follows from equation (11) and the second from equation (10). Hence,
WageF, is common across occupations.

In the absence of measurement or sampling error, if we run a regression of the average
native wage in an occupation x education x region x year (for 1980 and 2012) cell on an
education x region x year fixed effect, our theory predicts that the R-squared should be one.
The prediction that average wages of an education cell are common across occupations within
a region-year is clearly not satisfied in the data, both because of measurement and sampling
error and because the true distribution of idiosyncratic productivity draws is not exactly
Fréchet: in the data, we obtain an R-squared of 0.29. Of course, introducing heterogeneity in
average wages across occupations within an education x region x year cell in the theory while
maintaining a Fréchet-distribution of idiosyncratic productivity draws is straightforward. We
could simply assume heterogeneous amenity values across occupations, which would generate
compensating differentials.

More important from the perspective of our theory is the prediction that changes in na-
tive average wages across time in occupation x education x region cells, wage{?eo, are not
systematically related to the immigration shock. To examine this prediction of the Fréchet
distribution empirically, Table 41 presents results from estimating a version of equation (28)
in which we replace the dependent variable, w? with the observed change in the aver-
age wage for a region-occupation, wageZ . For high-education native workers, the 2SLS
regression in column (2) strongly supports the implications of the Fréchet distribution: im-
migration has no differential effects on the average wages of high-education natives in more
immigrant-intensive occupations either within tradable or nontradable occupations. The re-

sults for low-education natives are more mixed. Within nontradables, the 2SLS regression
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Dependent variable: change in the average wage of domestic workers in a
region-occupation, 1980-2012

n @ ©® o @ 6
Low Ed High Ed
OLS 2SLS RF OLS 2S5LS RF
Tro 0382**F*%  0461**  .0376** .003 -.0075  .0012
(.0136)  (.0231) (.0172) | (.021) (.031) (.0295)
I, (N) 2o -.0565%*  -.0828 -.0762** | .0073 -.0223 -.0189
(.0276)  (.0521) (.0374) | (.0279) (.0365) (.0311)
Obs 33723 33723 33723 26644 26644 26644
R-sq .639 .639 .639 .613 .613 .613
Wald Test: P-values ‘ 0.34 0.38 0.18 ‘ 0.64 0.36 0.52
AP F-stats (first stage)
102.77 65.90
75.21 48.48

Notes: Observations are for CZ-occupation pairs. The dependent variable is the log change in the
average CZ-occupation wage for native-born workers; the immigration shock, z,,, is in (23); I, (V) is a
dummy variable for the occupation being nontradable. All regressions include dummy variables for the
occupation and the CZ-group (tradable, nontradable). Column (1) reports OLS results, column (2)
reports 2SLS results using (26) to instrument for z,,, and column (3) replaces the immigration shocks
with the instruments. Standard errors (in parentheses) are clustered by state. For the Wald test, the

null hypothesis is that the sum of the coefficients on z,, and I, (N) z,, is zero. Significance levels: *
10%, ** 5%, ***1%.

Table 41: Average occupation wage for domestic workers

in column (2) supports the implications of the Fréchet distribution (our Wald test cannot
reject the hypothesis that there are no effects on average native wages in more relative to
less immigrant-intensive nontradable occupations). However, within tradable occupations,
the average wages of low-education natives rise in more immigrant-intensive occupations
(but point estimates are small), inconsistent with our assumption of a Fréchet-distribution
of idiosyncratic productivity draws.

Alternatively, rather than testing the key implications of the Fréchet distribution we can
leverage the assumption of the Fréchet distribution to recover unobserved occupation wage
changes given changes in observed native allocations and average occupation wages. Log
differentiating the first line of equation (59) yields

1
wh = wageF, + ——dInz" (60)

0 _"_ 1 reo’
where dIn7*  denotes the log change in 7%  between two equilibria. Using the previous
expression, we construct changes in native occupation wages using our calibrated value of
6 = 1 and observed values of wagel) and dlnw? . Table 42 presents results from estimat-
ing a version of equation (28) in which we use this constructed value of occupation wage
changes.”® The results are strongly consistent with our model’s predictions and our empir-

ical results for allocations: we observe no differential change in occupation wages in more

580f course, if we further impose that average wage changes are common across occupations (as opposed
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Dependent variable: log change in the constructed occupation wage of domestic workers in
a region-occupation, 1980-2012

(1) (2) (3) (1) (2) (3)
Low Ed High Ed
OLS 2SLS RF OLS 2SLS RF
Lo Q75*** .0394 .0331 .0192 -.021 -.0065
(.0229) (.0449) (.0313) (.0321) (.0565) (.0518)
I, (N) 2o S 1885HHE L 2043HKK L 1O | - 1674, - 2341 - 2026%+*
(.0378) (.0702) (.0496) (.0609) (.0866) (.0766)
Obs 33723 33723 33723 26644 26644 26644
R-sq 798 797 797 712 711 712
Wald Test: P-values ‘ 0.01 0.01 0.00 ‘ 0.00 0.00 0.00
AP F-stats (first stage)
Tro 102.77 65.90
I, (N) 2 75.21 48.48

Notes: Observations are for CZ-occupation pairs. The dependent variable is the constructed changes in
native occupation wages in (60); the immigration shock, ., is in (23); I, (V) is a dummy variable for
the occupation being nontradable. All regressions include dummy variables for the occupation and the
CZ-group (tradable, nontradable). Column (1) reports OLS results, column (2) reports 2SLS results
using (26) to instrument for z,,, and column (3) replaces the immigration shocks with the instruments.
Standard errors (in parentheses) are clustered by state. For the Wald test, the null hypothesis is that
the sum of the coefficients on z,, and I, (N) z,, is zero. Significance levels: * 10%, ** 5%, ***1%.

Table 42: Constructed occupation wage for domestic workers

relative to less immigrant intensive tradable occupations for low or high-education natives
(consistent with our empirical results on allocations) and we observe a greater decline in
occupation wages in more relative to less immigrant intensive nontradable occupations for
low and high-education natives (consistent with our empirical results on allocations and our
theoretical predictions for occupation wages). As a final exercise on earnings, we relate our
analysis to the voluminous empirical literature on immigration and wage outcomes. The
specification in (30) is roughly analogous to the cross-area-study approach to estimating
immigration wage effects, which tends to find null or small negative impacts of local-area
immigrant inflows on wages for the native born (Blau and Mackie, 2016). Our specification
differs in important respects from commonly estimated regressions, which do not distinguish
shocks within tradable versus within nontradable occupations, as we do above by aggregat-
ing earning shocks across occupations into the 7" and N sets.?® To contrast our approach
with standard approaches, which tend to assume a single aggregate production sector, we
estimate the regression,

to using observed average occupation wages in the data), then variation in occupation wages are propor-
tional to variation in allocations, in which case the regression on occupation wages provides no independent
information relative to our baseline allocation regressions.

59For a related analysis, see Dustmann and Glitz (2015). While they do not examine differential impacts of
immigration within tradables versus within tradables, as we do, they do examine the impact of immigration
on wage outcomes for workers who begin in an aggregate tradable sector and those who begin in an aggregate
nontradable sector, which complements our perspective of shock transmission within aggregate groups.
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wagel, — wagel,, = o+ Bi (xf, — xl) + Bozr + Uy (61)

The dependent variable in (61) is the difference in the change in average log earnings between
high-education group e and low-education group €’ native-born workers, where raw earnings
are residualized as in (30) before averaging. The regressors are the difference in immigration
exposure between high- and low-education workers (z!, — z!,), and a vector of controls z,
for initial regional-labor-market conditions.®® Immigration exposure z!, is the percentage
growth in immigrant labor supply for group e in region r times the initial share of immigrant
labor in group e earnings in total labor payments in region r, i.e. zf = wfeANL[I@ with
defined in the context of equation (32). This specification is a reduced-form version of the
main wage equation in Card (2009), where instead of using the change in relative labor supply
for all workers in groups e and e’ we use the weighted change in relative labor supplies for
immigrant workers (instrumented as above using the Card approach). Differencing changes
in log earnings between groups e and €’ helps remove from the specification region-specific
shocks that affect workers across education groups in a common manner (such as changes in

the regional price level).

Dependent variable: Difference in the change in the average log earnings between e and ¢’
domestic workers, 1980-2012

(1) (2) (3)
OLS 2SLS  RF

Exposure to Immigration | -.0233 -.0103 -.0105
(.0247) (.0367) (.0378)

Obs 722 722 722
R-sq .49 48 .49

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. All
regressions include a constant term, the initial share of employment in manufacturing, initial share of
employment in routine occupations, initial log ratio of college-educated to non-college education adults,
and initial share of women in employment.

Table 43: Difference in the change in the average log earnings between high- and
low-education domestic workers

Table 43 reports results in which we estimate (61) using college educated workers for e
and less-than-college educated workers for /. We find a negative but small and insignificant
effect of immigration on relative earnings, consistent with the many studies in the cross-area-
regression approach. The difference between these results and those in Table 3 highlight how
the correlation between earnings and immigrant-driven labor supply shocks in the aggregate
may hide substantial variation across occupations in the impact of these shocks, as well as
differential adjustment within tradable and nontradable activities.

50In regression (61), the high-education immigrant group is composed of workers with a college degree or
higher education, and the low-education immigrant group is composed of workers with less than a college
education. The initial-period controls are the shares of manufacturing, routine occupations, and women in
regional employment, and the log ratio of college-educated to non-college educated adults.
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For comparison, we note that when we run this regression using model-generated data
without including controls z,, we obtain #; = —0.065 in the OLS specification, 5; = —0.062
in the reduced form specification, and $; = —0.066 in the 2SLS specification.
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Part 111
Quantitative Model Appendix

G Additional details of the extended model

In this section we present additional details of the extended model.

G.1 System of equilibrium equations in changes

We describe a system of equations to solve for changes in prices and quantities in the extended
model. We use the “exact hat algebra” approach that is widely used in international trade
(Dekle et al., 2008). We denote with a “hat” the ratio of any variable between two time
periods. The two driving forces are changes in the national supply of foreign workers (denoted
by N7) and domestic workers (denoted by NP).

We proceed in two steps. First, for a given guess of changes in occupation wages for
domestic and immigrant workers in each region, {IW,2} and {WZ}, changes in the supply of

domestic workers by education in each region, erz , and changes in the supply of immigrant

workers by education and source country in each region, {Nfec}, we calculate in each region

r changes in the supply of immigrant workers by education e

NE
N, = re Nk
N, ¢

changes in average group wages

. ) . NG o+1
Wa/gegfe = NT Z 7TT€O (WTO> ?

o

changes in occupation output prices

1—p

N ~ 1—p N ]_—p
P = (s;o (ero) +(1-SL) (Wg) ) ,
changes in allocations of workers across occupations
(N)\Wk >9+1
~k o T TO
Treo = -, . < 0I1
(Wageffe)
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changes in occupation output

1
P

TO Le

kE A~k "k N7k
Sreoﬂ-reo W&gereNre )

Qro =

and change in aggregate expenditures (and income)

E, = Z SfeWaAgeﬁeNfe.
k.e

Here, S* is defined as the total income share within region r of workers of group k, e (such
that -, . Sf, = 1), Sk, is defined as the cost (or income) share within region r of workers
of group k, e in occupation o (such that -, - .S¥, = 1), and S}, denotes the cost (or income)
share of immigrants in occupation o in region r (i.e. S/, = > S/ ). If SI, =0 (S!, = 1),
then we set WL =1 (W2 = 1).

Second, we update our guess of changes in occupation wages and changes in the supply
within each region r of domestic and immigrant workers by education (and, for immigrants,

also by source country) until the following equations are satisfied

Q= (P) "3 550 (P2) ()" &,

R A N4
(1 - S’VI'O) Ze S’II‘BOT‘-geOWGJgef"ENTIG — (WTIO)

! D =D oD NTD 17D
STO Ze Sreoﬂ-reowagereNre WTO
(Wa;qef)e ) v
D _ Pr D
Nre - NP/ WageD VN@
je agely
JER NP P
(Wa;qefne ) v
A P A I
NIC — r _ Nie
: N (e )¢
JER Nlc P

where changes in absorption prices are given by

Py, = (Z S, (Pjo)”)

JER

l—«

1

P, - (Z s (Pﬁo)l_n>

o€

. . . . . Y
Here, S2 is defined as the total absorption share in region r of occupation o, SA = %,

w0 18 the share of the value of region 7’s output in occupation o that is destined for region j,
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ProTrjoYr) . . . 1 .
o = %5””, and 57 1s the share of the value of region r’s absorption within occupation
T0o TO

.. . . . P Vs ~
o that originates in region j, Si, = ~5#5-2. If NJ¢ = 0, then we set N7 = 1.

In this second step, we solve for |O)| ><O|7T€o| unknown occupation wage changes for domestic
workers and the same for foreign workers. We also solve for ‘é'D ‘ X |R| unknown changes

in population of domestic workers by region {NTZZ}, and ‘EIC| X |R| unknown changes in

population of immigrant workers by region {]\Affec}, using the same number of equations.

The inputs required to solve this system are: (i) values of initial equilibrium shares 72 .
ml,, S S sS4 sm S¥

reor Ores Orer Oros Sjror Orjo and population levels for natives, immigrants by education and

source country N2 NI¢: (i) values of parameters 6, , o, v and \; and (i74) values of changes

in aggregate domestic supply by education NeD , and changes in aggregate immigrant supply

by education and source country N, Te. We have omitted S* _and S! from the list of required

inputs because they can be immediately calculated given 7%, and S% as

k k
Sk ﬂ-reoSre

- / /
T Y Sty

re’o

and ST{O - Ze ST'IGO'
In the next subsection we show that equilibrium price and quantity changes in the ex-
tended model coincide with those in the baseline version of our model if education groups

within each k are allocated identically across occupations (i.e. 7% = 7& for all ).

G.2 Bilateral trade and absorption shares

Given the difficulty of obtaining bilateral regional trade data by occupation that is required to
construct initial equilibrium trade shares S77, and S7,, we construct them given assumptions
on trade costs, as described in Section 5.2. For nontradable occupations, we assume that

trade costs are prohibitive across CZs (7.j, = oo for all j # r). This implies that S =

Spo = Land ST, = S = 0 for all j # r. Absorption shares for each nontradable
occupation, S4 . are given by
SA _ PT‘OQTO
TO Er ?

where occupation revenues, P,,(),,, are measured by labor payments of this occupation in the
data, and E, is equal to total expenditures in region r (which, by the assumption of balanced
trade, is equal to the sum of revenues—labor payments—across all occupations). For tradable
occupations, we assume instead that trade costs between a given origin-destination pair
are common across occupations, 7,j, = T, for all 0,0’ € T, and are parameterized as
Trjo = T X In (distance,,j)E for j # r. We also assume that occupation demand shifters are
common across regions for tradable occupations, p,, = 1, for o € T. Equations (3) and (5)

61Tn terms of our model’s primitive parameters, regions vary in their occupational output composition due
to variation in labor productivities, A¥ and T, (for k = D, I and by education e); ammenities, U”? and

UZs (by source country and education group); and bilateral trade costs, 7.;.
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imply that region r’s sales to region j in occupation o are given by

Erjo = (TrjoPro) ™ (PL)* T PLY; (62)

jo~Jjo

= 110 (TrjoPro) ™ (PL) " (PY)" " By,

where E,7 denotes total expenditures on tradable occupations in region r, which by trade
balance equals the sum of revenues across tradable occupations and is related to aggregate
expenditures and prices by E,;r = E, (P./ PTT)"fl. We now describe how we solve for E,;,

given measures of E,r, 7,j,, and P,,Q,, and parameter values o, 7.
1

R 1 -« B 1 -«
Defining P,, = (,ué" Pm) and P;’O = (,ué” Pjyo) , E,jo in equation (62) can be
re-written as a function of { P, ¢,

a—n

—a 1 ~ 11—« —1
Erjo - (Trjo)l Pro <Pjy0) (P]yT)n EjTa (63)

where, by equations (4) and (6),

1-n

(Pr)' ™ =3 (Pn)

ocOT

Given measures of F,r, T,jo, and P.,Q,, and parameter values «, 7, we solve for |(’)T| X |R|
values of P,, using an equal number of equations

Prero = Z Erjo (64>

JER

where E,j, is given by equation (63). Once we solve for tradable occupation prices P,,, we
calculate E,j,, which allows us to construct import, export and absorption shares as

m _ Erjo
e N B
s Erjo
0 ProQro
and
B
ro E,
The own export share of region r across all tradable occupations is defined as
Sro'wn _ ZOGOT E’I’TO
Evr
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In our model calibration, we assume (1 —a)d = —1.29 and set T to target a weighted average
of own export shares S7*" across a selected subset of regions, as described next.

Measuring CZ-level export shares in tradables in the data. To measure CZ-level
trade shares within tradables, we use public tables from the 2007 Commodity Flow Survey
(CFS), which include region-to-region trade flows. For each of the 49 CFS origin areas
(henceforth CFS regions), this data includes the value of shipments that originate from the
CFS region and are destined to all U.S. destinations as well as the value of shipments that
originate from and are destined for the same CFS region. For each region we construct the
own sales share, S°*", as the value of shipments that both originate from and are destined
for the CFS region relative to the value of shipments that originate from the CFS region and
are destined for all U.S. destinations. To concord these CFS regions to our CZs (of which
there are 722), we take the following steps. We overlay 2007 CFS regions with 1990 CZ
boundaries using QGIS. For each CFS region, we calculate the area of intersection and the
area of the union between the boundaries of the CFS region and the nearest CZ. We consider
a CFS region to be matched with a CZ if the area of the intersection of the two boundaries
is at least 70% of the area of the union of the two boundaries. Using this procedure, we
obtain 23 CFS regions that each match with one of our CZs, listed in Table 44. We then
construct the weighted average across these 23 CFS regions of the own sales share, weighing
by the CFS region’s total sales destined for all U.S. destinations.
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CFS Area Matched CZ code

Austin-Round Rock 31201
Baltimore-Towson 11302
Baton Rouge-Pierre Part 03500
Beaumont-Port Arthur 32100
Charleston-North Charleston 08202
Cleveland-Akron-Elyria 15200
Dayton-Springfield-Greenville 12501
Detroit-Warren-Flint 11600
Hartford-West Hartford-Willimantic 20901
Jacksonville 07600
Lake Charles-Jennings 03700
Laredo 31503
Los Angeles-Long Beach-Riverside 38300
Mobile-Daphne-Fairhope 11001
New Orleans-Metairie-Bogalusa 03300
Phoenix-Mesa-Scottsdale 35001
Pittsburgh-New Castle 16300
Raleigh-Durham-Cary 01701
San Antonio 31301
San Diego-Carlsbad-San Marcos 38000
Seattle-Tacoma-Olympia 39400
Tampa-St. Petersburg-Clearwater, 06700
Tucson 35100

Table 44: List of matched CFS regions and CZs

G.3 Aggregate elasticity of substitution between natives and immi-
grants

Because it is not a structural parameter in our model, in our parameterization we do not
target the elasticity of substitution between domestic and immigrant workers with similar
education levels at the national level. Ottaviano and Peri, 2012 (henceforth OP) have es-
timated this parameter, oy, using annual variation in factor supplies and average wages at
the national level. In our notation, their estimating equation is

Wagel, 1
—==[L+L+—In
Wagel "“on NI

In

where I, and I, are skill-group (OP leverages variation across education-experience cells
whereas we only have education cells in our model) and time effects. Differencing between
two time periods, the previous regression becomes

wagegt — wageg =T, + o (ng — ngt) + Ty (65)
N

Online Appendix 53



To estimate this regression in data generated by our model, we take the following steps.
First, starting from an initial equilibrium, we feed into our quantitative model the change
in national supplies of immigrants within each education group and source country between
1980 and 2012, {n’c}. ., and solve the model’s general equilibrium, allowing for all workers to
reallocate across occupations and regions. Second, since we have three immigrant and only
two native education groups, within each region we aggregate wage changes across low- (high
school dropout) and medium- (high school graduate and some college) education immigrants
to construct changes in average wages for immigrants without a college degree by region.
Similarly, since we have many regions, we aggregate wage changes across CZs to construct na-
tional average wage changes for immigrants with and without college degrees and for natives
with and without college degrees. Finally, the parameters I, and oy are then exactly identi-
fied in equation (65), where oy = (nf), — ni;, — n?, +nl,) /(wagel;, — wagel), — wagel, + wage?,).
We estimate a value of o equal to 9.4. This estimate of o is at the lower end of the range
estimated by the literature but higher than the structural elasticity of substitution within oc-
cupations, p = 5.4. This reveals that our calibrated within-occupation substitution between
immigrants and natives is consistent with a high degree of (reduced-form) immigrant-native
substitution in aggregate quantities.

H Average wage changes for native workers

In this section we report results for wage regressions using data generated by our model. Our
objective here is to show the connection, in our extended model, between estimating y” and
XX using regression (28), which we cannot estimate in the data given the unobservability of
occupation wages, and using regression (30), which aggregates across occupations.

Panel A of Figure 15 reports the estimates of x” and y% from our occupation wage
regression (28) based on our parameterization in which we vary 7 from 1 to 9.2 At our
baseline calibration of n = 1.54, coefficient estimates are consistent with neither crowding
in nor crowding out within tradable jobs, x” ~ 0, and crowding out within nontradable
jobs, XX = —0.17. If instead we impose n = o = 7 (so that €,7 = €,y), we obtain Y’ > 0
and ¥ ~ 0, implying crowding in (since p < €7 = €,x) that is no different in tradable
or nontradable occupations. More generally—and consistent with equations (16) and (17)
in Section 3.2—for any value of 1 the coefficients of the occupation wage regression, shown
in Panel A of Figure 15, roughly equals a multiple of 1/(6 + 1) times the coefficients of
the allocation regression, shown in Figure 1. Panel B of Figure 15 reports estimates of y”
and X from our average wage equation (30) using model-generated data from our baseline
parameterization.’® Comparing Panels A and B, we see a tight link in the extended model
between the reduced-form coefficients in (30) (Panel B), which are based on changes in
average wages for each commuting zone education-group pair, and those in (28) (Panel A),
which are based on changes in occupation wages for each commuting zone. At our baseline
calibration, we estimate x” = 0.00 and x” + x5 = —0.17 using variation in occupation

62We obtain identical estimates of x and x% in our model if we infer changes in occupation wages from
average occupation wages adjusted as in expression (60).

63 Although equation (30) is not structural, it fits the model-generated data quite well: across all values of
7, the R? of our regression is at least 0.98.
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Figure 15: Estimates from wage regressions in model generated data
The left and right panels report estimates of the occupation wage regression (28) and the average wage regression (30) varying
n from 1 to 9 and holding all other parameters at their baseline levels. The vertical lines represents the baseline value of

n = 1.94 and the valueof n =a = 7.

wage changes, whereas we estimate y? = 0.02 and x? + xX¥ = —0.19 using variation in
commuting zone wages. Thus, under the conditions imposed by our model, we can obtain a
rough estimate of the coefficients from the occupation-wage equation—which reveal crowding
out (in)—by estimating the average wage regression.

A natural question is whether in our empirical analysis we can similarly use estimation
results for the regression in (30) to draw inferences about the crowding out (in) that we
would detect were we able to estimate the regression in (28) using actual data (which we
cannot, owing to the absence of wage data on efficiency labor units at the occupation level).
This question is pertinent, given that the wage results for (28) in Table 3 indicate crowding
out of natives within nontradables and crowding in of natives within tradables, whereas the
the allocation results for (24) in Table 1 deliver modestly different results, with a stable
finding of crowding out within nontradables but a distinct result of neither crowding in nor
crowding out within tradables. Here, we suggest caution in interpreting Table 3, given the
relatively indirect way in which we confront our occupation wage predictions with the data
in these regressions—by aggregating up to the region-education group level-—and our need
to proxy for &f.

I Immigrant occupation reallocation

In Section 4 we analyze empirically how native workers reallocate across occupations in
response to immigration. In this section, we analyze the reallocation of immigrant workers,
both in the extended model and in the data. We show that the predictions of our extended
model are qualitatively consistent with the data for all immigrant education groups: both
in the model and in the data there is stronger immigrant crowding out within nontradable
occupations than within tradable occupations, immigrants are crowded out of immigrant-
intensive nontradable occupations, and (unlike natives) immigrants are also weakly crowded
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out of immigrant-intensive tradable occupations.5*

At our baseline parameterization, we now show that our model predicts that a foreign
labor inflow generates crowding out of immigrants within tradable and stronger crowding out
of immigrants in nontradable occupations (i.e., in response to an immigrant inflow, the shares
of immigrants employed in immigrant-intensive occupations decline within the tradable and
the nontradable groups, though more within the former than within the latter). We then
show that we obtain qualitatively similar results empirically.

First using model-generated data from our extended model and then using Census/ACS
data, we estimate separately for the three immigrant education groups the regression,

nl, =al, +al + B + Byl (N) @ + 1), (66)

Table 45 reports three sets of results for immigrant education groups when estimating regres-
sion (66) using model-generated data. First, we find more crowding out within nontradable
than within tradable occupations, 4 < 0, consistent with our empirical results for natives.
Second, we find crowding out within nontradable occupations, 8!+ 3% < 0, again consistent
with our empirical results for natives. Finally, we find crowding out within tradable occu-
pations, 3! < 0, unlike our empirical results for natives. While two of these three results are
similar to our empirical (and quantitative) results for natives, the third is not.

Low Ed Med Ed High Ed
o —0.07 —0.08 —0.06
B —0.23 —0.27 —0.33
R-sq 1.00 0.99 0.94

Table 45: Allocation for immigrant workers across occupations in model-generated data

Turning to Census/ACS data, Table 46 reports a corresponding set of estimation results
for the three immigrant education groups. First, we find more crowding out of immigrant
workers within nontradable than within tradable occupations, 84 < 0, for all education
groups and across all empirical specifications, consistent with our quantitative results in
Table 45. Second, we find crowding out within nontradable occupations, 8! + 5 < 0,
for all immigrant education groups and across all empirical specifications, again consistent
with our quantitative results in Table 45. Finally, we find evidence of crowding out within
tradable occupations, consistent with our quantitative results in Table 45, although these
results are somewhat less clear cut than in the model-generated data. Specifically, within
tradables we obtain statistically significant crowding out for high-education immigrants but
obtain imprecise estimates for both low- and medium-education immigrations (with one
positive and the other negative). In summary, our model’s predictions for immigrant al-
locations—reported in Table 45—are qualitatively consistent with immigrant allocations
observed in the data—reported in Table 46.

64We emphasize that crowding out does not imply that in response to an increase in the number of
immigrants, the employment level of immigrants in immigrant-intensive occupations falls, but instead that
the share of immigrant employment in immigrant intensive occupations falls (across either T or N jobs).
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Dependent variable: log change in the employment of immigrant workers in a
region-occupation, 1980-2012

(1a) (2a) (3a) (1b) (2b) (3b) (1c) (2¢) (3¢)

Low Ed Med Ed High Ed
OLS 2SLS RF OLS 2SLS RF OLS 2SLS RF
Tro 3345 6316 1753 2132 -.3846 26 | -.8253FFF  _1.391%FF - 9635¥H*
(:2889)  (.6106)  (.3309) | (.1937)  (.3099)  (.1934) | (A717)  (265)  (.1971)
Io (N) 26 SLA2B¥HE 2 .036%F  -1.379FRK | - 8O4BIIK ] 203K RARRIKK | L 4TIGHRF - 6842%F  -3991%
(:3988)  (.8431)  (379) | (2317)  (.3529)  (.134) | (.1736)  (.2895)  (.1814)
Obs 5042 5042 5042 13043 13043 13043 6551 6551 6551
R-sq 798 797 799 729 728 73 658 649 662
Wald Test: P-values | 0.00 0.00 0.00 | 0.00 0.00 0.00 | 0.00 0.00 0.00
F-stat (first stage) | 863.39 \ 185.66 \ 128.32

Standard errors clustered by state in parentheses. Significance levels: * 10%, ** 5%, ***1%. For the
Wald test, the null hypothesis is B/ + B4 = 0.

Table 46: Allocation for immigrant workers across occupations

The table reports estimates of nl, = aig + ol + Blaro + BL 1o (N) Tro + vE, separately for each education group.

Finally, we remark that while our empirical results for immigrant allocations are consis-
tent with our model-based predictions, it may appear puzzling that at our baseline parameter
values our model predicts crowding out for immigrants within tradables (3! < 0) but nei-
ther crowding in nor out for natives within tradables (” ~ 0). How could immigration
lead to more crowding out among immigrants than among natives within tradables? To
be sure, the divergence between native and immigrant reallocations within tradable jobs is
inconsistent with the analytic results for our model in Section 3, derived under the assump-
tion that education cells do not differ in their relative productivities across occupations, in
which case the impact parameter that indicates crowding out (in), ¥ = (GW;Z’#Q{, is
common across natives and immigrants. In subsection A.5, we provide an analytic result
that suggests why divergence in results on crowding out for immigrants and natives becomes
possible once occupation comparative advantage differs between education groups. We show
in a special case in which e, = p (i.e., the output price elasticity in tradables equals the
immigrant-native substitution elasticity) that an influx of immigrants will induce neither
crowding in nor crowding out of natives (consistent with our results with only one education
group) but that it will induce crowding out for immigrants. Specifically, when €, = p, our

model’s prediction for reallocation for group k = D, I into (or out of) occupation o in region
Lfeo
Ly,

r contains an additional term, which is a linear function of ) (Qwagek, — nk,). Because

changes in native average wages, wagel, and native supplies, n2, at the region-education

level do not vary much across regions with an immigrant influx, this term is small for na-
tives. By contrast, this term is larger for immigrants since variation in wagel_ and n!_ across
regions is larger. The presence of this additional term for immigrants (which is closer to zero
for natives) allows crowding out effects for natives and immigrants within tradables to be
dissimilar. Note that as long as our Card instrument is valid, the presence of this additional
term in the allocation regression does not complicate estimation because this regression is
reduced form. This reduced-form immigrant allocation regression provides useful identified
moments that we do not target and with which our model is qualitatively consistent, as we
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show in Tables 45 and 46.
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