
The Economic Impact of Mass Deportations

Javier Cravino, Andrei A. Levchenko, Francesc Ortega and Nitya Pandalai-Nayar*

February 18, 2026

Abstract

This paper quantifies the effects of large-scale deportations on wages, prices, and real in-
comes in the United States. We impute the legal status for each worker in the American Com-
munity Survey by combining detailed individual information with group-level visa records.
In 2024, 3.2% of US workers were unauthorized, but some regions and sectors were heavily
dependent on unauthorized immigrant labor. We develop a dynamic quantitative framework
with multiple regions, sectors and occupations, heterogeneous workers, and endogenous capi-
tal accumulation to study the economic impacts of removing unauthorized workers. We derive
analytical expressions relating region- and occupation-specific real wages and sectoral relative
prices to changes in the supply of immigrant workers, observable factor shares, and combi-
nations of structural elasticities. Following the removal of 50% of unauthorized immigrants,
in the short run average native real wages rise 0.15% nationally, driven by an increase in the
capital-labor ratio. In the long run, however, native real wages fall in every state, and by 0.33%
nationally, as capital gets decumulated in response to a lower population. At the same time na-
tive wages in the most immigrant-intensive occupations rise by up to 3.4% nationwide in the
long run. Consumer prices in the sectors intensive in unauthorized workers – such as Farming
– rise by about 1% relative to the price of the average consumption basket, while most other
sectors experience negligible relative price changes.
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1 Introduction

The current administration has made it a priority to remove unauthorized immigrants from the
United States. According to the U.S. Department of Homeland Security, 605,000 unauthorized
immigrants were deported in 2025, with an additional 1.9 million departing voluntarily. The “One
Big Beautiful Bill Act” allocated $75 billion in funding to Immigration and Customs Enforcement
(ICE) to support these intensified deportation efforts. While one of the administration’s stated
goals is to boost the employment and wages of US natives, there is widespread concern that large-
scale deportations could increase prices, particularly in sectors heavily reliant on immigrant labor
such as construction and food staples. Such price increases may disproportionately impact lower-
income segments of the US population, who spend a larger share of their income on food and
housing.1

This paper studies the domestic economic impact of mass deportations. A key challenge in
quantifying the impact of unauthorized immigrants is the lack of comprehensive information re-
garding the legal status of foreign-born workers in the US. We construct a nationally representa-
tive dataset that assigns (likely) legal status to all individuals in the American Community Survey
(ACS), the primary national data source for information on the US workforce. We use this dataset
to document the geographic, occupational, and sectoral distribution of unauthorized workers in
the US. We then develop a quantitative model of the US economy to evaluate the impact of mass
deportations on prices and wages.

We build on the methodology in Warren and Warren (2013), Passel and Cohn (2014), Borjas
and Cassidy (2019), and Connor (2024) to assign legal status to individuals in the ACS, based on
the workers’ demographic characteristics and auxiliary data sources on border crossings, asylum
seekers, and visas/permits. Our assignment distinguishes between foreign-born individuals with
temporary authorization to work in the US and those unauthorized to do so. The latter group
has grown substantially in the last few years (Pew Research Center, 2025). We augment the ACS
with data on immigrant arrivals from official sources, resulting in a dataset representing the US
population as of 2024.

We calculate that the employment share of immigrant workers (excluding naturalized citizens)
in the United States is 10.0%.2 In turn, 6.8% of workers are classified as authorized immigrants
(including legal permanent residents, visa holders, DACA recipients, and those with temporary
protection status) and 3.2% as unauthorized immigrants.3 The presence of immigrant workers
varies significantly across the United States. The states with the largest share of immigrant work-

1See, e.g., Department of Homeland Security (2025a), CBS News (2025), McKibbin, Hogan, and Noland (2024).
2According to the Bureau of Labor Statistics (2025 May release), the foreign-born share in the labor force in 2024 was

19.2% (based on CPS). Due to the similarity in employment rates, the foreign-born share in employment is also around
19%. The reason the immigrant share is only around 10% in our data is due to naturalized citizens: roughly half of the
US foreign-born population are US citizens (approx. 25 million in 2024). The foreign-born share (i.e. naturalized citizens
plus all other foreign-born individuals) in our data is 18.3%.

3The share of unauthorized workers in US employment is often estimated to be around 5% (e.g. Edwards and Ortega,
2017). The discrepancy with our figures is due to our narrower definition of unauthorized, which excludes individuals
with temporary protection (e.g. DACA or TPS recipients) and places them instead in the authorized category.
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ers are California (18%), followed by Washington, New Jersey–Delaware, New York, Florida, and
Texas (13–15%). In California, 6% of all workers are unauthorized, followed by Washington, New
Jersey–Delaware, Nevada, and Texas at about 5%. In contrast, in some states such as Montana and
West Virginia, the share of immigrant workers is negligible. There is even greater heterogeneity
across sectors of employment. Nationwide, in Farming an estimated 54% of the workforce are
foreign immigrants, and an estimated 36% unauthorized to work in the US. Other sectors with a
notable presence of unauthorized workers include Forestry and Fishing, Food and Drink Services,
and Construction. Occupational heterogeneity paints a similar picture, with large concentrations
of unauthorized workers in farming and construction occupations.

We use this dataset to discipline a multi-region, multi-sector, multi-occupation quantitative
model of the US economy and the rest of the world. The model distinguishes between three types
of workers —natives, authorized immigrants, and unauthorized immigrants— who choose loca-
tions based on real wages and idiosyncratic preferences, select occupations based on comparative
advantage, or opt out of the labor force. Capitalist households own and accumulate the capital in
the economy. Sectoral output is produced by employing labor from different occupations, capital,
and intermediate inputs and can be traded across regions. In this setting, the removal of unautho-
rized workers triggers substitution towards natives and authorized workers, physical capital and
intermediate inputs, different occupations and sectors, and towards goods produced in less af-
fected regions. Changes in real wages in turn affect migration and labor supply decisions. Finally,
the equilibrium capital stock changes endogenously and gradually in response to the change in
the labor force.

We use a simplified version of the model to derive analytical formulas relating region- and
occupation-specific real wage and relative price changes to changes in the supply of unauthorized
workers, observable factor shares, and macro elasticities determined by structural parameters gov-
erning the model’s multiple margins of adjustment. Following a reduction in the unauthorized
population, two opposing forces act on the real wages of natives. First, because native and immi-
grant labor are imperfect substitutes, the fall in the relative supply of immigrant workers makes
native labor relatively more abundant, reducing native wages all else equal. Second, the contrac-
tion in the labor force increases the capital-labor ratio, putting upward pressure on all wages.

The tension between these forces defines the distinction between the short and long run. In
the long run, the population decline leads to capital decumulation to restore the steady-state
capital-labor ratio. Consequently, the second effect dissipates, and average real wages for na-
tives decrease in all regions, in rough proportion to the initial share of unauthorized workers in
the regional wage bill. This decline in native wages is more pronounced if substitutability across
natives and foreign immigrants, the substitutability across sectors and occupations, or the mobil-
ity across occupations, are low. However, despite this aggregate decline, native wages in specific
immigrant-intensive occupations may increase if the elasticity of substitution between natives and
immigrants is sufficiently high.

In the short run, the capital stock is fixed, so that the deportation shock leads to a higher
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capital-labor ratio. Native real wages can therefore temporarily increase if this capital deepening
effect outweighs the negative impact of the increased relative supply of natives. Finally, removing
unauthorized immigrants raises relative prices in immigrant-intensive sectors, in proportion to
those sectors’ labor share in gross output and the unauthorized workers’ share in the sectoral
wage bill. In addition, in the short run prices of the most capital-intensive sectors can fall.

We implement the full quantitative model on 48 regions roughly representing US states plus
the rest of the world, 44 sectors, and 36 occupations. Following the methodology of Dekle, Eaton,
and Kortum (2008) we express the model in gross proportional changes, resulting in a system of
equations that depends on observable shares and structural elasticities. We calculate occupation,
sector, and regional wage bill shares for each worker type directly from our ACS data, and obtain
output, input, and trade shares from input-output tables and the Commodity Flow Survey. Finally,
we use standard values from the literature for the structural elasticities.

We evaluate the consequences of removing 50% of all unauthorized workers (about 3.7 million)
from the United States, uniformly across regions, sectors and occupations. This number is roughly
in line with the Department of Homeland Security (DHS) stated target of removing 1 million
people per year during the course of 2025-2028 (Department of Homeland Security, 2025b), i.e.
4 million total. In the long run, natives’ average real wages fall in all US regions. The national
decline is 0.33%, ranging from nearly 0.4–0.5% in the most-impacted states like Texas, California,
and Washington, to approximately 0.2% in North Dakota, Maine, and Michigan. By contrast, in the
short run native wages change in the opposite direction, increasing by an average of 0.15% across
US regions. These short-run gains are highest in states with large unauthorized populations, rising
by as much as 0.22–0.24% in California and Washington.

Despite the aggregate long-run decline, native real wages in immigrant-intensive occupations
actually rise. Nationally, Farming occupations experience a 3.4% long-run increase in real wages,
and some construction occupations a 0.8% increase. There is considerable within-occupation vari-
ation across regions here as well, with natives’ wages in Farming rising by about 7% in some
states.4 Finally, real wages of immigrant workers rise both in the short and long run. Authorized
workers’ average real wages rise in every region, by a nationwide average of 3.2% in the long run.
The largest wage gains are experienced by the unauthorized workers remaining in the US, whose
real wages increase by 12.2% nationwide in the long run.5

In line with our analytical formulas, prices of unauthorized-intensive sectors rise relative to the
price of the average consumption basket. The change in relative prices, however, is modest. For
instance, despite the fact that the shock removes a large fraction of the Farm workforce, the relative
producer prices of Farm goods only rise by 1.6% in the long run. To understand this result, we
note that the share of unauthorized workers in the Farm wage bill is about 0.25, the labor share in

4We note, however, that native wages can decline in all occupations under plausible alternative values for the elas-
ticity of substitution between natives and immigrants. This elasticity takes a value of 3 in our baseline calibration,
which is in the mid-range of the estimates of the literature. If instead native and immigrant labor is not sufficiently
substitutable, as estimated recently by Clemens and Lewis (2024), then natives’ wages fall in all occupations.

5Of course, this finding pertains narrowly to wages, and does not incorporate the unauthorized workers’ utility and
psychic costs of experiencing a higher perceived probability of forcible detention and deportation.

4



Farms gross output is 0.2, and our calibration implies a relative-price macro-elasticity of roughly
0.5 due to the multiple adjustment margins in the model. Our analytical formula thus predicts a
roughly 1.7% increase in relative Farm prices, which is closely in line with the finding from our
full model.6 Similarly, the relative producer prices in Forestry and Fishing rise by 1.4%. In the
rest of the sectors relative producer price changes are even smaller, though in a few states relative
producer price increases in Construction and Food and Beverages Manufacturing reach nearly
1%. Consumer price changes aggregate producer prices from different regions. In addition, inter-
and intra-national trade will lead to substitution away from the regions in which producer prices
rose the most. As a result, variation in consumer prices is more muted than in producer prices.
At the extreme, Farming and Forestry and Fishing consumer prices rise respectively by 1.2% and
1.0% nationwide.

Finally, we evaluate the disparate impact of price changes on households and regions. Region-
specific long-run CPI changes exhibit a range of about 0.7 percentage points across states, with the
CPIs of Texas, California, Washington State, and New Jersey-Delaware rising by 0.2-0.3% relative
to the national CPI, and that of North Dakota and West Virginia falling by nearly 0.4% relative to
the national CPI. We use the US Consumer Expenditure Survey (CEX) to examine the variation
across household-specific price indices induced by the removal of unauthorized workers. We
compare the price index changes for households at the top 5% of the income distribution to the
bottom 5%. Qualitatively, the removal of unauthorized migrants is regressive in the long run, as
the price levels of low-income households rise by more than those of the high-income ones. This
is due to the fact that lower-income households exhibit higher expenditure shares in food, and
Farm prices increase the most. However, quantitatively this effect is minuscule, with the CPI of
the bottom 5% of households increasing by only 0.02% more than the CPI of the top 5%. This is
a direct consequence of the modest Farm relative consumer price changes (about 1.2%), and the
insufficiently large differences across the income distribution in the food expenditure shares.

Literature Our paper contributes to the active recent literature that evaluates the impact of mi-
gration using quantitative trade and spatial models. Early work employed trade models in which
a geographic unit is a country, and quantified the consequences of international migration for
countries as a whole (e.g. di Giovanni, Levchenko, and Ortega, 2015; Aubry, Burzyński, and Doc-
quier, 2016; Caliendo et al., 2021). More recently, several papers examined the impact of migration
on sub-national units, such as US states, using models with rich internal geography, labor mobil-
ity across locations, and inter- and intra-national trade (e.g. Burstein et al., 2020; Burzyński et al.,
2021; Peters, 2022; Bonadio, 2023; Khanna and Morales, 2024; Brinatti and Morales, 2025; Cruz and
di Giovanni, 2025; Morales, 2025).7 This strand of the literature typically focuses on long-term out-

6This corresponds to evaluating our formula for relative price changes in (15) at 0.25×0.2×0.5×ln (0.5) ≃ 0.017,
where ln (0.5) reflects a 50% removal shock.

7This work in turn uses the tools developed by the new economic geography literature (see, among many others
Allen and Arkolakis, 2014; Caliendo et al., 2017; Redding and Rossi-Hansberg, 2017; Caliendo, Dvorkin, and Parro,
2019; Galle, Rodríguez-Clare, and Yi, 2023; Rodríguez-Clare, Ulate, and Vasquez, 2025).
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comes and abstracts from dynamic changes in congestion forces. One of our contributions is to
incorporate gradual capital accumulation to understand how changes in the unauthorized popu-
lation affects capital and housing congestion in the short run vs. the long run. In addition, existing
work abstracts from the distinction between authorized and unauthorized immigrants. We eval-
uate policies that reduce the unauthorized population by combining our quantitative model with
novel data on the geographic, occupational, and sectoral presence of unauthorized immigrants.
Finally, we study how changes in the unauthorized population affect relative prices across goods
produced with different immigrant intensities.

Our quantitative analysis also complements the vast empirical literature that estimates the la-
bor market impacts of migration (see, among many others, Borjas, 2003; Peri and Sparber, 2009;
González and Ortega, 2011; Ottaviano and Peri, 2012; Manacorda, Manning, and Wadsworth,
2012; Dustmann, Schönberg, and Stuhler, 2016). A related body of work examines the effect of
immigration on consumer prices, such as personal services (Cortés, 2008; Cortés and Tessada,
2011; Farré, González, and Ortega, 2011; Butcher, Moran, and Watson, 2022; Furtado and Ortega,
2023) or housing prices (González and Ortega, 2013). More closely related is a smaller set of papers
that estimates the economic impact of the unauthorized migrants using past migration episodes
and policies (e.g. Edwards and Ortega, 2017; Machado, 2017; Borjas and Cassidy, 2019; Ortega,
Edwards, and Hsin, 2019; East et al., 2023; Elias, Monras, and Vázquez-Grenno, 2025). We extend
the approach to assign legal status used in these papers to allocate immigrants with temporary
status and under DACA protection, and to document differences in unauthorized immigrant in-
tensities across regions, occupations, and sectors. Our quantitative strategy allows us to evaluate
the general equilibrium impact of hypothetical changes in immigration policies that are being
implemented.

The rest of the paper is organized as follows. Section 2 introduces the data on immigrant legal
status, and documents the distribution of foreign authorized and unauthorized workers in the US
economy. Section 3 lays out the quantitative framework and states the analytical results. Section
4 describes the calibration and the quantitative results. Section 5 concludes. Details on the data,
theory, quantification, and robustness are collected in the Appendix.

2 Where do foreign immigrants work?

This section documents the distribution of foreign immigrants across regions, occupations, and
sectors in the US. Our primary data source is the 2023 American Community Survey (ACS).
Following Passel and Cohn (2014), Borjas and Cassidy (2019) and Connor (2024), we build an
individual-level assignment identifying likely unauthorized respondents, distinguishing those
with temporary authorization to live and work in the United States (as of 2024) from those lacking
such protections. In broad terms, this methodology follows the ‘residual’ approach of Warren and
Warren (2013) which currently underpins the ‘official’ DHS estimates of the unauthorized US pop-
ulation size. This approach involves estimating the expected number of legal immigrants of cer-
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tain demographics residing in the United States each year, based on various government sources
regarding border crossings, asylum seekers, and visa or permit issuances. Using the demographic
characteristics available for all foreign-born persons (both authorized and unauthorized) in the
ACS, we assign the likelihood that each individual is authorized in order to match the size of each
immigrant status group. We also adjust the ACS survey weights to incorporate recent immigra-
tion flows of highly transient populations (such as asylum seekers and beneficiaries of parole).8

Appendix A.1 provides further details on the imputation of immigrant legal status procedure.
We use our immigrant status assignment to partition US workers into the following categories:

i. Native workers (N): US-born or naturalized citizens.

ii. Authorized immigrants (A): legal permanent residents, visa holders (H-1B, F-1, J-1, etc.),
and those with protected status as of 2024 (DACA, advanced parole, Temporary Protected
Status).

iii. Unauthorized immigrants (U): individuals unauthorized to live and work in the US.

Our interest is in the workforce. Thus, we restrict the sample to individuals ages 16-67. When
computing earnings shares, we further restrict the sample to employed individuals with positive
earnings (and leave out self-employed and retirees), as commonly done in the literature. However,
when we examine the decision to participate in the labor market, we include the non-employed
in the computation of employment-to-population ratios (employment probabilities).

2.1 Basic patterns

In our sample, foreign immigrants account for 10% of US employment. In turn, 6.8% and 3.2%
are classified as A and U, respectively. We now document that immigrant and unauthorized
workers are heavily clustered geographically, by industry, and by occupation. This potentially
has important economic implications, as heterogeneous presence of immigrants across locations
may lead to heterogeneous impacts on wages and prices.

Across geography: The left panel of Figure 1 plots the shares of immigrants combined (A + U),
and unauthorized workers (U), in overall employment by state, sorted in descending order of
unauthorized share in total employment. As expected, the highest immigrant share is found in
California (around 18%), followed by Washington state, New Jersey-Delaware, New York, Florida,
and Texas (13-15%).

The blue bars plot the shares of the unauthorized. Once again, the highest value belongs to
California, where roughly 6% of all workers are unauthorized, followed by New Jersey-Delaware,
Texas, Washington state, Nevada, and Florida, at around 5%. The right panel plots the shares of
the wage bill. These are somewhat lower: in California, roughly 14% of the wage bill is accounted
for by foreign immigrants, and 4% by the unauthorized.

8At the time of writing, the 2023 ACS is the most recent available wave of the survey.
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Figure 1: Workers by region and migration status

Employment Wage bill
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Notes: This figure plots the shares of all foreign immigrants (authorized + unauthorized: grey bars) and unauthorized
immigrants (blue bars) in total employment (left) and total wage bill (right) for the 47 US regions in the model.

Across industries: Figure 2 plots the total foreign immigrant shares and unauthorized shares
in total sectoral employment and wage bill. Not surprisingly, the highest shares are found in
the Farms sector, where nearly 54% of workers, accounting for 40% of the wage bill, are foreign
immigrants. Unauthorized workers account for over 35% of all employment and 27% of the total
wage bill in the Farms sector. Other sectors with a notable presence of unauthorized workers are
Forestry and Fishing, Food and Drink Services, and Construction.

Across occupations The top panel of Figure 3 considers 12 large occupational groups. Not sur-
prisingly, farmers, construction/mining workers, computers/STEM, and personal services are the
occupational categories with the largest immigrant employment and wage bill shares. The blue
bars indicate that over 45% of overall employment in farming occupations is unauthorized. Sec-
ond are construction and extractive occupations, where 11% of employment and 10% of the wage
bill is accounted for by the unauthorized workers. While the computers/STEM sector has a rela-
tively large overall immigrant employment share of 12%, the unauthorized employment share in
this sector is low at 2%.

The bottom panel of Figure 3 plots the same data but using the full 36-occupation classifica-
tion implemented in the model below. The top three (narrow) occupations by immigrant share are
farmers and two construction occupational categories (that do not include mining). The unautho-
rized shares in these narrower construction categories are around 15%.

3 Model

This section describes the theoretical framework. We relegate all derivations to Appendix B.1.
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Figure 2: Workers by industry and migration status
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Notes: This figure plots the shares of all foreign immigrants (authorized + unauthorized: grey bars) and unauthorized
immigrants (blue bars) in total employment (left) and wage bill (right) for the 44 sectors in the model.

Preliminaries: There are R regions indexed by r, where R− 1 are within the United States and
region R represents the rest of the world. There are S sectors, indexed by s, and O market occu-
pations, indexed by o. Each region can produce a differentiated variety of output in each sector.
In a subset of sectors, these varieties are traded across regions subject to iceberg trade costs. Time
is indexed by t.

There are three types of worker households in the US, indexed by i ∈ {N, A, U}: natives, im-
migrants authorized to work in the US (“Authorized”), and immigrants not authorized to work
(“Unauthorized”). Additionally, in each US region, a capitalist makes regional investment deci-
sions and consumes regional goods, and a government makes exogenous purchases/requisitions
of sectoral goods Grs. Finally, in region R, a representative household supplies labor and accumu-
lates capital.

3.1 US households

3.1.1 Workers

Each US worker household h contains a continuum of members indexed by ω, and makes the
following decisions in each period: (i) what fraction of its members to allocate to market activities;
(ii) the occupational assignment of each member; (iii) what to consume; and (iv) where to locate
within the US to begin the next period. Household preferences over US regions are governed by
shifters Ui

rurt (h), where Ui
r is common to all households of type i, and urt (h) is idiosyncratic to

household h.
Each household member has a preference over market vs. home production, governed by

ζ jt (ω, h), where j ∈ {M, H} indexes market and home production. A member participating in the
market supplies Zi

roat (h) εot (ω, h) efficiency units of labor to one occupation, where Zi
ro is a type-

region-occupation specific productivity shifter, at (h) is a household-level productivity shifter, and
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Figure 3: Workers by occupation and migration status

A. Broad occupational categories
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B. Narrow occupational categories
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Notes: This figure plots the shares of all foreign immigrants (authorized + unauthorized: grey bars) and unauthorized
immigrants (blue bars) in total employment for 12 broad occupational categories (top panel), and all 36 detailed occu-
pations used in the model (bottom panel).
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εot (ω, h) is a member- and occupation-specific productivity shifter. Members working in the mar-
ket consume

ci
M,rt (ω, h) = ci

M,rt (h) /πi
M,rt (h) ,

where πi
M,rt (h) is the fraction of household h engaged in market work, and

ci
M,rt (h) = ∏

s

[
ci

rst (h)
γst (h)

]γst(h)

,

is a bundle of sectoral goods purchased by the household. Household members allocated to home
production consume

ci
H,rt (ω, h) = at (h) ci

H,r, (1)

where ci
H,r is a type- and region-specific constant.

Households maximize the expected sum of utilities of their members, subject to the budget
constraint:

prt (h) ci
M,rt (h) = at (h)πi

M,rt (h)W i
rt. (2)

Here, prt (h) is the unit price of ci
M,rt (h), πi

M,rt (h)W i
rt is the market income of a household with

at (h) = 1, and

W i
rt ≡ ∑

o
W i

rotπ
i
rotZ

i
ro

ˆ
ω∈o

εot (ω) dGε (ω)

is the income per-market worker. In this expression, W i
rot denotes the price of an efficiency unit

of type i labor in occupation o region r at time t, and πi
rot is the fraction of type i market workers

choosing occupation o at time t.

Timing: The timing is as follows. At the beginning of each period, households start in region r
and allocate members ω between market and home production based on the preference shifters
ζ jt (ω, h). After observing at (h), γst (h) and εot (ω, h), households choose the occupations of their
members and make consumption decisions, subject to the budget constraint (2). They then expe-
rience a location preference shifter urt+1 (h) for the next period. Based on this location preference
shifter, but before observing any other t + 1 shifters, they make a migration decision that puts
them in a region at the beginning of the next period.

Household optimization: The value function of the household starting period t in region r is:

V i
rt (h) = ∑

j∈{M,H}

ˆ

ω∈j

ui
j,rt (ω, h) dGζ (ω) + β max

r
Eγ,aV i

rt+1 (h) ,

11



where the expectation Eγ,a is taken over the distributions of preference and household-wide pro-
ductivity shifters, γ and a. The current period utility of member ω is

ui
j,rt (ω, h) = at (h) ln

[
ci

j,rt (ω, h)
]
+ ζ jt (ω, h) + ln

[
Ui

rurt (h)
]

.

Market participation decisions: Denote by Υi
rt the utility derived from consumption and labor

market preferences (up to a constant):

lnΥi
rt ≡ ∑

j∈{M,H}

ˆ

ω∈j

[
Vi

j,rt + ζ jt (ω, h)
]

dGζ (ω) ,

with Vi
M,rt ≡ lnW i

rt
Prt

, Vi
H,rt ≡ lnci

H,r, and lnPrt ≡ Eγ,a [at (h) ln prt (h)]. At the beginning of a period in
region r, households choose the fraction of members that work in the market to maximize Υi

rt after
observing ζ jt (ω, h). We assume that ζ jt (ω, h) is drawn from a type-1 extreme value (Gumbel) dis-

tribution with cdf G
(
ζ j
)
= exp

{
−e−ψζ j

}
and pdf g

(
ζ j
)
= ψ exp

{
−

(
ψζ j + e−ψζ j

)}
. Appendix

B.1 computes the fraction of members that participate in the market:

πi
M,rt =

[
W i

rt

Υi
rtPrt

]ψ

. (3)

Occupation and consumption decisions: After observing productivity shifters, households al-
locate market workers to occupations to maximize total wage income. We assume that εo (ω, h)
is distributed Fréchet with dispersion parameter θ + 1 and location parameter 1. Appendix B.1
shows that the household in region r allocates a fraction

πi
rot =

[
Zi

roW i
rot
]θ+1

∑o′
[
Zi

ro′W
i
ro′t

]θ+1 , (4)

of its market workers to occupation o. Given the preference shifters, the household demands for
the sectoral goods are given by

Prstci
rst(h) = γst (h) at (h)πi

M,rtW
i
rt,

where Prst is the price of the sector s final good in region r.

Migration decisions: We assume that the idiosyncratic location preference parameters urt+1 (h)
are drawn from a Fréchet distribution with shape parameter ν and location parameter 1. Using
standard arguments, the fraction of type-i households that choose region r ∈ {1, . . . ,R− 1} is

12



given by

πi
rt+1 =

[
Ui

rΥ
i
rt+1

]ν

∑R−1
r′=1

[
Ui

r′Υ
i
r′t+1

]ν . (5)

Aggregation: We can aggregate the household decisions within regions. Let Hi denote the mass

of households of type i. Appendix B.1 shows that the total efficiency units of type i labor supplied

to occupation o in region r can be written as:

Li
rot ∝ Hiπi

rtπ
i
M,rtZ

i
ro

[
πi

rot

] θ
1+θ

. (6)

Total consumption expenditure by type i households of sectoral good s is

PrstCi
rst = γsHiπi

rtπ
i
M,rtW

i
rt, (7)

where γs ≡
´

at (h) γst (h)dGγ,a (h).

3.1.2 Regional capitalists

There is a capitalist in each region that accumulates the regional capital stock through investment
and consumes the proceeds of renting capital to firms. The capitalist in region r solves

max
∞

∑
t=0

βtU
(

CK
rt

)
subject to:

Prt

[
CK

rt + Irt

]
≤ RrtKrt,

where capital evolves according to Krt+1 = Irt + [1 − δ]Krt and K0 is given. Here CK
rt is the capitalist

consumption, Prt is the unit price of the good consumed and invested by the capitalist, Krt is the
capital stock, δ is the depreciation rate, and Rrt is the price of capital services in production. The
capitalist consumption and investment good are produced using the same technology according
to

CK
rt + Irt = ∏

s

[
XK

rst
γs

]γs

,

where XK
rs denotes the use of the region r sectoral good s by the capitalist. Note that we have

assumed that the sectoral weights for the capitalist γs coincide with the aggregate sectoral weights

13



of the households.

3.2 Rest of the world households

The rest of the world is populated by a household of type i = A that has mass HR and is comprised
of a continuum of members that can only work in the market. The household must locate in
region R but can choose the occupations of its members, capital, and consumption. The household
maximizes:

max
∞

∑
t

βtU (CRt) ,

subject to the budget constraint

PRt [CRt + IRt] = RRtKrt + WRtHRt,

where capital evolves according to KRt+1 = IRt + [1 − δ]KRt and KR0 is given. Here WRtHRt is
the total labor income in region R. The consumption and investment good in R are produced
using the same technology:

CK
Rt + IRt = ∏

s

[
XRst

γs

]γs

,

where XRst denotes the use of the region R sectoral good s for investment and consumption.
Household members in R supply Zi

Roa (h) εot (ω, h) efficiency units of labor to one occupation,
where εot (ω, h) is distributed Fréchet with dispersion parameter θ + 1 and location parameter 1.
The fraction of members in occupation o is given by equation (4).

3.3 Government

There is a government that makes exogenous purchases/requisitions of the aggregate sectoral

goods in each region Grst. These purchases that are in zero world net supply in revenue terms,

∑r PrstGrst = 0 ∀s. As will be clear in our calibration section, the Grst’s are wedges required to

perfectly match the observed the regional variation in sectoral absorption in the data as well as

the observed sectoral trade deficits and surpluses.

3.4 Technologies

Producers of intermediate sectoral goods: Each region can produce a differentiated intermedi-
ate good in each sector using a bundle of labor Lrst, capital Krst, and intermediate inputs Mrst. The
production function for region r’s variety of sector s good is given by:

Yrst =
[
Kαs

rstL
1−αs
rst

]κs
M1−κs

rst .

14



Here Mrst is a composite of intermediate goods from multiple sectors,

Mrst = Πs′ M
γs′s
rs′st,

with Mrs′st denoting the usage of intermediates from sector s′ in production of sector s.
The labor composite in each sector combines workers from multiple occupations:

Lrst =

[
∑

o
[ϕ̄rso]

1
η [Lrsot]

η−1
η

] η
η−1

,

Here Lrsot is a bundle of occupation o labor used in production of sector s in region r, and η is the
elasticity of substitution across occupations. Occupation-level bundles are composed of natives
and immigrants:

Lrot =

[[
λ̄N

ro

] 1
ϵ
[

LN
rot

] ϵ−1
ϵ
+

[
λ̄F

ro

] 1
ϵ
[

LF
rot

] ϵ−1
ϵ

] ϵ
ϵ−1

.

Here LN
rot and denotes the efficiency units of native labor in region r and occupation o, and

LF
rot =

[[
λ̄A

ro

] 1
σ
[

LA
rot

] σ−1
σ

+
[
λ̄U

ro

] 1
σ
[

LU
rot

] σ−1
σ

] σ
σ−1

,

where LA
rot and LU

rot respectively denote the efficiency units of authorized and unauthorized im-
migrants. In these labor aggregates, ϵ is the elasticity of substitution between natives and immi-
grants, and σ is the elasticity of substitution between authorized and unauthorized immigrants.

Producers of final sectoral goods: Each region produces a non-tradeable sectoral composite
good by aggregating sectoral varieties produced by all regions:

Xrst =

[
∑
r′
[ϖ̄r′rs]

1
χ [Yr′rst]

χ−1
χ

] χ
χ−1

.

Here Yr′rst is the amount of region r′ sector s output used by region r, and χ is the elasticity of
substitution across regional varieties. The sectoral good Xrst can be used for consumption, invest-
ment, and as an intermediate input in region r.

3.5 Market clearing and equilibrium

Market clearing for the labor bundle in occupation o satisfies

Lrot = ∑
s

Lrsot. (8)
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Market clearing for sectoral regional varieties satisfies

Yrst = ∑
r′

Yrr′st. (9)

Market clearing for the capital stock satisfies,

Krt = ∑
s

Krst. (10)

Finally, market clearing for final regional goods satisfies

Xrst = ∑
i

Ci
rst + XK

rst + ∑
s′

Mrss′t + Grst. (11)

Equilibrium: An equilibrium is a set of prices and quantities {Prt}∀r,t ,
{
Υi

rt, πi
M,rt, W i

rt, πi
rt

}
∀r,i,t

,{
Ci

rst
}
∀rs,i,t, {Wrot, Lrot}∀ro,t,

{
LN

rot, LA
rot, LU

rot
}
∀ro,t,

{
W i

rot, πi
rot
}
∀ro,t,

{
LF

rot, WF
rot
}
∀ro,t,

{
Yrst, Lrst, Krst, XK

rst,
}
∀rs,t ,{

Prst, Py
rst, Wrst

}
∀rs,t , {Xrst}∀rs,t , {Mrss′t}∀rss′,t, {Yr′rst}∀r′rs,t, {Lrsot}∀rso,t and

{
Rrt, Irt, CK

rt
}
∀r,t such

that (i) consumers maximize utility; (ii) producers minimize costs; and (iii) all markets clear. We
characterize the equilibrium in Appendix B.1.

3.6 Analytical results

This section provides formulas linking wage and price changes to changes in the mass of unau-
thorized workers in a simplified version of the model. We use lowercase letters to denote the
cumulative log change of a variable from the initial (pre-shock) steady state, xt ≡ lnXt − lnX0.
Lowercase letters without a time subscript denote initial (pre-shock) values. We begin by stating
two propositions. The first relates price and wage changes to changes in region-level equilibrium
labor quantities. The second relates these labor quantities to the exogenous change in the national-
level mass of unauthorized workers. We then use these two propositions to highlight the impact
of changes in the number of unauthorized workers on natives’ and immigrants’ real wages and
goods prices at different time horizons.

Proposition 1 (Relative wages) Assume that (i) regions do not trade, ϖ̄r′rs = 0 for r′ ̸= r; (ii) there are
two occupations, (iii) all sectors have the same input requirements γs′s = γs; and (iv) all foreign immigrants
are unauthorized, λ̄A

ro = 0 ∀r, o. Denote by wrt ≡ ∑i λi
rwi

rt and lrt ≡ ∑i λi
rli

rt the cumulative change in the
average wage and the aggregate labor supply in region r, respectively, where the weights λi

r ≡ ∑o W i
ro Li

ro
∑o′ Wro′ Lro′

are
the shares of type-i workers in the total wage bill of region r. To a first order approximation, starting from
a steady state at date t = 0, the cumulative change in average real wages is related to changes in regional
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labor supplies by

wrt − prt = −αr [krt − lrt] = −αr

t−1

∑
τ=0

bτ [lrt−τ − lrt−τ−1] , (12)

where αr ≡ ∑s RrKrs
∑s Wrs Lrs+∑s RrKrs

is the aggregate capital share in value added in region r and b ≡ αr +

[1 − αr] β [1 − δ] < 1. Changes in relative wages are given by:

wN
rt − wrt = ξrλU

r

[
lU
rt − lN

rt

]
; wU

rt − wrt = −ξrλN
r

[
lU
rt − lN

rt

]
, (13)

and

wN
rot − wrt = ξN

roλU
r

[
lU
rt − lN

rt

]
; wU

rot − wrt = −ξU
roλN

r

[
lU
rt − lN

rt

]
. (14)

The changes in relative prices are:

prst − prt = κs

[
[1 − αs] ξs

r

[
λU

r − λU
rs

] [
lU
rt − lN

rt

]
− αs − αr

αr
[wrt − prt]

]
, (15)

where λi
rs ≡ ∑o W i

ro Li
rso

∑o′ Wro′ Lrso′
is the share of type-i workers in the wage bill of sector s. The constants appearing

in the formulas are composite elasticities, defined as follows:

ξr ≡
θ + υr

θµr + ϵη̄r
≥ 0 ; ξs

r ≡
θ + ϵ

θµr + ϵη̄r
≥ 0; ξ i

ro ≡
θ + υi

ro
θµr + ϵη̄r

, (16)

where η̄r = η [1 − ςr] + ςr ≥ 0 is the aggregate elasticity of substitution across occupations, which is a
weighted average of the occupation elasticity of substitution within sectors η and the elasticity of substitu-

tion across sectors (which equals 1 in our model). The weighting factor is given by ςr ≡ ∑s
[ϕrs1−sr1]

2srs
sr1[1−sr1]

,

where srs ≡ Wrs Lrs
∑s Wrs Lrs

denotes the share of sector s in the total wage bill, and ϕrso ≡ Wro Lrso
Wrs Lrs

is the share of
occupation o in the wage bill of sector s. Finally, υr ≡ [1 − ωr] ϵ + ωrη̄r, µr ≡ [1 − ωr] η̄r + ωrϵ, and
υi

ro ≡
[
1 − ωi

ro
]

ϵ + ωi
roη̄r are linear combinations of the elasticities of substitution across occupations and

worker types, where the weights are defined as ωr ≡ 1−∑o πN
ro λN

ro
1−λN

r
≤ 1, ωi

ro ≡
1−λi

ro
1−λi

r
, and λi

ro ≡
W i

ro Li
ro

Wro Lro
is the

share of type-i workers in the wage bill of occupation o.9

Proof. See Appendix B.2.

Proposition 2 (Labor supply) Assume that conditions (i)-(iv) of Proposition 1 hold, and that the labor
force participation rates are the same for natives and immigrants: πN

M,r = πU
M,r = πM,r. In response to

any sequence of changes in the mass of unauthorized workers hU
t starting at t ≥ 1 and converging to some

9Appendix B.2 also presents formulas for the change in the occupational and the sectoral wage aggregates, wro and
wrs.
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constant hU
∞ as t → ∞, the long run response of the relative labor supplies is

lU
r∞ − lN

r∞ = ξ l
rhU

∞ (17)

with

ξ l
r =

[
1 + πH,rψξr + ν

[
πM,rξr −

R−1

∑
r′=1

πrr′πM,r′ξr′

]]−1

> 0,

where πH,r ≡ 1 − πM,r is the fraction of workers outside of the labor force and
πrr′ ≡

[
πN

r′
[
1 − λN

r′
]
+ πU

r′ λ
N
r′
] 1+πH,rψξr+πM,rνξr

1+πH,r′ ψξr′+πM,r′νξr′
. In addition, if migration is inelastic (ν = 0), the

regional labor supplies at any period t are given by

lU
rt − lN

rt = [1 + ψξrπH,r]
−1 hU

t , (18)

and

lrt = λU
r hU

t + ψπH,r [wrt − prt] . (19)

Proof. See Appendix B.2.
Propositions 1 and 2 completely characterize the short- and long-run changes in relative wages
and prices as functions of elasticities, shares, and the national-level change in the mass of unau-
thorized workers. They also characterize the full transition in an economy with no internal mi-
gration. The dynamics are characterized by equation (12), which describes the evolution of the
capital-labor ratio in each region. To highlight the forces at work, the following corollaries de-
scribe the long run (at t → ∞) and short-run (at t = 1) implications of these propositions.

Corollary 1 (The long run) If the mass of unauthorized workers remains fixed after some period k, hU
t =

hU
t−1 = hU

∞ for t > k, then real wages converge to the pre-shock steady state level, wrt − prt = 0 as t → ∞.

Proof. Evaluate (12) as t → ∞, plugging in hU
t = hU

t−1 = hU
∞ for t > k.

Corollary 1 states that in the long run aggregate real wages are invariant to hU
∞. The intuition

is that the economy is scale-free, and that following a deportation event capital gets decumulated
until the capital-labor ratio returns to its pre-shock steady state level. This does not mean that
the real wages of natives and immigrants do not change. The long run changes in aggregate and
occupational real wages can be obtained by plugging equation (17) into (13) and (14):

wN
r∞ − pr∞ = ξrλU

r ξ l
rhU

∞; wU
r∞ − pr∞ = −ξrλN

r ξ l
rhU

∞, (20)

and

wN
ro∞ − pr∞ = ξN

roλU
r ξ l

rhU
∞; wU

ro∞ − pr∞ = −ξU
roλN

r ξ l
rhU

∞. (21)
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Following a decline in the mass of undocumented households (hU
∞ < 0), the long-run average real

wages of natives wN
r∞ − pr∞ decrease, while average real wages of immigrants wU

r∞ − pr∞ increase
in all regions. The intuition is that the relative supply of natives increases, reducing their wage.

However, real wages of natives can rise in certain occupations that are intensive in unautho-
rized workers (ωN

ro = λU
ro

λU
r
> 1) provided the elasticity of substitution across worker types is suffi-

ciently large (ϵ large relative to θ and η̄r, equation 14). Intuitively, if natives and immigrants are
close enough substitutes, but occupations are not, then a decline in the mass of immigrants can in-
crease the demand for natives in occupations that initially use a lot of foreign workers. Similarly,
real wages of unauthorized immigrants could decline in some occupations intensive in native
workers (when ωU

ro =
λN

ro
λN

r
> 1).

Finally, equation (15) implies

prs∞ − pr∞ = κs [1 − αs] ξs
r

[
λU

r − λU
rs

]
ξ l

rhU
∞,

i.e. relative prices will rise in sectors that use immigrant labor intensively (λU
rs > λU

r ). The magni-
tude of the relative price effect is scaled by the share of value added in total output, κs.

Proposition 1 also highlights that the magnitudes of the wage and price changes depend on the
composite elasticities defined in (16) and on the shares of unauthorized workers in the regional
wage bills, λi

ro, λi
rs, and λi

r. If there is full specialization (natives and immigrants work in different
occupations): λN

ro = πN
ro = 1 and λN

ro′ = πN
ro′ = 0 for o′ ̸= o, then ωr = 0, and ξr = ξs

r = ξ i
ro = 1

η̄r
.

In this case, the long-run elasticity of native real wages to a change in relative labor supplies
equals the share of unauthorized workers in the wage bill divided by the aggregate elasticity of
substitution across occupations. The long-run elasticity of relative sectoral prices prs∞ − prs′∞ to
relative labor supplies is given by the difference between the share of unauthorized workers in the
sectors’ wage bills (λU

rs − λU
rs′), times the labor share divided by the substitution elasticity across

occupations, κs [1 − αs] /η̄r.
At the other extreme, if unauthorized immigrants are evenly spread across occupations (λU

ro =

λU
r ), then ωr = ωro = 1 and ξr = ξ i

ro = 1
ϵ : the long-run elasticity of native real wages to a

change in relative labor supplies equals the initial share of unauthorized workers in the wage bill
divided by the elasticity of substitution between immigrants and natives. Furthermore, if natives
and immigrants are perfect substitutes (ϵ → ∞), removing immigrants has no impact on relative
wages. Without differences in the native intensity across occupations (λU

r = λU
rs), there are no

changes in relative sectoral prices in the long run: prs∞ − pr∞ = 0.
Note that changes in long run relative prices in these limiting cases are independent of the

value of the occupational supply elasticity θ. More generally, the composite macro elasticities ξr,
ξs

r , and ξ i
ro depend on weighted averages of the elasticities between workers types and occupa-

tions, ϵ and η̄r. In the special case where ϵ = η̄r, then ξr = ξs
r = ξ i

ro =
1
η̄r

, and the price changes are
the same as in the full-specialization case and independent of θ. Finally, if workers cannot move
across occupations (θ = 0), ξs

r ≡ 1
η̄r

and changes in relative prices are inversely proportional to the
elasticity of substitution across occupations.
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As we will discuss below, our assigned values for the elasticities ϵ, η, and θ imply that ξs
r ≃ 1/2.

To take the most immigrant-intensive sector as an example, in Farms the labor share in gross
output is about 0.2 according to our calibration (κs [1 − αs] ≃ 0.2). The data reported in Figure 2
show that the share of unauthorized immigrants in the wage bill is about 0.24 larger in Farms than
in the aggregate (λU

r − λU
rs = −0.24). Together these numbers indicate that if the relative supply

undocumented workers falls by 50% in a region (lU
rt − lN

rt ≃ log(0.5)), then relative Farm prices in
the region rise by roughly 1.66% (= 1

2 ×
1
5 × 0.24 × ln (0.5)). Thus, even a large change in relative

supplies has a limited impact on the relative price of Farm output. As we will see in Section 4, this
back of the envelope calculation yields price changes of similar magnitude to the results from the
full quantitative model.

Finally, we evaluate the extent to which the endogenous response of the labor supply and
internal migration margins mitigate the shock’s impact on relative prices. First, note that with-
out these margins, ψ = ν = 0, then ξ l

r = 1 and the changes in relative supplies are equal in
all regions and equal to the shock, lU

r∞ − lN
r∞ = hU

∞ (equation 17). More generally, our calibra-
tion implies a range of ξ l

r from 0.95 to 0.97, indicating that changes in relative labor supplies are
close to lU

r∞ − lN
r∞ ≃ hU

∞ (equation 17) . To understand why, note first that abstracting from mi-
gration (ν = 0), it becomes ξ l

r = [1 + ψξrπH,r]
−1 . In the data, the labor force participation is

about 70%, and in our calibration the relevant elasticities are ψ ≃ 0.3 and ξr ≃ 0.5. This yields
a value of ξ l

r ≃ [1 + 0.3 × 0.3 × 0.5]−1 ≃ 0.96, implying that changes in labor force participation
have a muted effect on how deportations impact relative wages. Second, if ψ = 0, then ξ l

r =[
1 + ν

[
πM,rξr − ∑R−1

r′=1 πrr′πM,r′ξr′
]]−1

. To understand this, note that the magnitude of the differ-
ential migration response into a region depends on the differential effect of the shock on real wages

across regions. When ξr = ξ does not vary by region, then ξ l =
[
1 − ν ∑R−1

r′=1

[
πN

r′ − πU
r′
]

ξλU
r′

]−1
.

Given these results, the discussion that follows focuses on the special case without the labor
force participation decision (ψ = 0) to facilitate the exposition. Appendix B.2 presents formulas
for the general case ψ > 0. We now contrast the long-run results with the short run.

Corollary 2 (The short run) The changes in average real wages at t = 1 are given by:

wr1 − pr1 = −αrλU
r hU

1 . (22)

Proof. Evaluate (12) at t = 1, and substitute equation (19).
Equation (22) shows that following a decline in the mass of undocumented households (hU

1 < 0),
average regional real wages rise in proportion to the regional aggregate capital share αr. This
increase is driven by the rise in the capital-labor ratio, which prior to any adjustments in capital
or migration is given by λU

r × hU
1 . It is straightforward to combine (13), (18), and (22) to obtain the

short-run changes in real wages for natives and immigrants:

wN
r1 − pr1 = [ξr − αr] λU

r hU
1 ; wU

r1 − pr1 = −
[

ξr
λN

r
λU

r
+ αr

]
λU

r hU
1 .
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The decline in the mass of undocumented households affects natives through two opposing mech-
anisms. On the one hand, as in the long run, natives become more abundant relative to immi-
grants, which lowers their wages in relation to average wages (ξr > 0 as shown in equation 13).
On the other hand, in the short run labor also becomes more scarce relative to capital, which in-
creases real wages (αr in equation 22). The net effect depends on the relative strength of these two
mechanisms. In our calibration (see below), ξr ≃ 0.35, whereas αr ≃ 1/2 on average for the US
economy.10 Under these values, real wages for natives increase in the short run. For immigrant
workers, the two mechanisms – becoming a relatively scarcer type of labor and higher capital-
labor ratio – go in the same direction and both contribute to an increase in real wage. Note that
while the higher capital-labor ratio effect has the same magnitude for the natives and immigrants,
the relative labor supply effect is much stronger for the immigrants, as λN

r
λU

r
>> 1 in every region

in the data (see Figure 1).
Following a similar logic, we can obtain the short-run changes in occupation-specific real wage

changes:

wN
ro1 − pr1 =

[
ξN

ro − αr

]
λU

r hU
1 ; wU

ro1 − pr1 = −
[

ξU
ro

λN
r

λU
r
+ αr

]
λU

r hU
1 .

The short run change in occupation-specific real wage is affected similarly by the two mechanisms
explained above. Note, however, that the impact of deportations on occupation-specific real wages
is ambiguous, since ξN

ro can be negative as highlighted above. Finally, equation (15) implies that
the short run change in relative prices is

prs1 − pr1 = κs

[
[1 − αs] ξs

r

[
λU

r − λU
rs

]
+ [αs − αr] λU

r

]
hU

1 . (23)

The decline in the mass of undocumented households has 2 effects on relative prices. The first,
encapsulated by [1 − αs] ξs

r
[
λU

r − λU
rs
]
, is due to differences in the sectoral wage bill share of undoc-

umented workers and implies that relative prices in immigrant-intensive sectors (λU
rs > λU

r ) will
rise following deportations. This effect also operates in the long run. The second effect, captured
by [αs − αr] λU

r , reflects changes in the capital-labor ratios. As capital becomes more abundant
relative to labor, the relative prices of capital-intensive goods (αs > αr) fall.

4 Quantitative results

This section presents our main quantitative exercises. We follow the approach developed by
Dekle, Eaton, and Kortum (2008) and express the model in Section 3 in gross proportional changes.
Appendix C.1 lists the system of equations that characterizes how relative prices and output re-
spond to exogenous changes in the mass of unauthorized workers, as a function of the model’s

10We calibrate the αs’s to match the employee compensation and value added data in the BEA Input-Output accounts.
It is a well-known feature of these data that they imply a labor share of about 0.5, as they do not make the adjustment
for the labor wage component of the income of the self-employed.
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elasticities and observable shares.

4.1 Calibration

To solve the equilibrium system in Appendix C.1, we need to assign values to the initial shares
srs, ϕrso, λi

ro, πi
ro, πi

M,r, πi
r αs, κs, and γss′ defined in Section 3.11 With trade across regions, we also

need bilateral sectoral export and absorption shares, ϖx
rr′s ≡ Py

rsYrr′s
Py

rsYrs
and ϖr′rs ≡ Py

r′sYr′rs
PrsXrs

. To com-
pute aggregate and household-specific price indices, we need aggregate consumption expenditure
shares γs and any household-type-specific shares γs (h). Finally, we need to assign values to the
elasticities η, ϵ, and θ discussed in Section 3.6, along with the elasticity between the authorized
and unauthorized σ, the elasticity of substitution across goods produced in different locations χ,
and the elasticities governing the migration and labor force participation decisions, ν and ψ. Here,
we briefly describe how we assign values to these shares and elasticities. Table 1 summarizes the
calibration. Appendix A.2 contains further details.

4.1.1 Shares

We implement the model on S = 44 sectors based on the NAICS classification, O = 36 Cen-
sus occupations, and R = 48 regions roughly corresponding to 47 US states and the rest of the
world.12 Appendix Table A1 lists the occupations. Appendix Table A2 lists the sectors, along with
their NAICS 3-digit numbers. We compute all the wage bill shares srs, ϕrso, λi

ro, πi
ro, πi

M,r, and πi
r

directly from the ACS data described in Section 2. Cost shares αs, κs, and γss′ , and expenditure
shares γs are sourced from the BEA Input-Output matrix Make and Use Tables for 2023. These
tables are combined to construct an industry-by-industry use table, from which the production
function parameters and final expenditure shares can be computed. In case of the labor shares, we
set them to harmonize the national output shares in the BEA IO matrix with the wage bill shares
in the ACS, as described in Appendix A.2.3.

International and intra-national trade shares, ϖrr′s and ϖx
rr′s, are built in successive steps by

combining the Commodity Flow Survey (CFS) data for intra-US trade for a subset of sectors; US
Census data for state-level sectoral imports and exports; BEA data for state-level sectoral GDP
and PCE; the BEA IO table information on US-wide domestic sales, imports, and exports; and
OECD ICIO data for international trade by sector between the US and the rest of the world. The
procedure broadly follows Caliendo, Dvorkin, and Parro (2019) and Rodríguez-Clare, Ulate, and
Vasquez (2025), and is described in detail in Appendix A.2. An important aspect of the proce-
dure is that the only direct information on internal trade between the US states is the CFS, which
contains only a subset of sectors (essentially manufacturing and some but not all mining). We

11With these values, we can construct the remaining shares entering Proposition 1 as sro = ∑s ϕrsosrs, λi
rs = ∑o λi

roϕrso
and λi

r = ∑s λi
rssrs.

12We merge a few small states together: Delaware-New Jersey, DC-Maryland, Alaska-Hawaii and New Hampshire-
Vermont.

22



proceed by first using the information from Barkai and Karger (2020) to classify sectors not cov-
ered by CFS into tradeable and non-tradeable. For the non-tradeable sectors, sectoral production
is equal to sectoral purchases in each region by assumption. For the tradeable sectors, we use ge-
ographic variables, coefficients from gravity regressions, and adding-up constraints to populate
the intra-national trade matrix following Rodríguez-Clare, Ulate, and Vasquez (2025).

4.1.2 Elasticities

We take the values for the elasticities from the existing literature. The elasticity of substitution
between occupations is sourced from Burstein et al. (2020) and set to η = 1.6. The elasticity of
substitution between natives and immigrants is set to ϵ = 3. While the earliest studies had put
this elasticity in the 10-20 range, more recent estimates yield much lower values. For instance
Burstein et al. (2020) report an estimate of 4.6, while Clemens and Lewis (2024), using a random-
ized experiment, estimate a value of 1.3. We select 3, as roughly the midpoint between these two
recent estimates, and evaluate robustness to higher and lower values. There are few available es-
timates of the elasticity of substitution between authorized and unauthorized immigrants. Borjas
and Cassidy (2019) estimate an aggregate elasticity of 14, as an average of men’s and women’s
elasticities. With this in mind we set σ = 14, although we note that in our framework σ is an
elasticity within occupations.

For the labor supply elasticities, we set θ = 1 to match the elasticity of supply to an occupa-
tion as a function of relative wages as estimated by Burstein, Morales, and Vogel (2019). Note
that, in combination with the parameters discussed above, the implied values for the composite
elasticities governing real wage and relative price changes are roughly ξr ≃ 0.35 and ξs

r ≃ 0.5.
We set the long-run elasticity of worker flows to real income differentials to ν = 1.5 following

Fajgelbaum et al. (2019). The parameter ψ governs the elasticity of the labor force participation

with respect to the real expected wage,
d ln πi

M,r

d ln Wi
r

Pr

= ψ
[
1 − πi

M,r

]
. In the data, labor force participa-

tion is about 70% (πi
M,r = 0.7). In a meta-analysis of existing studies in the literature, Chetty et al.

(2011) report an average “extensive” margin elasticity of 0.2. Combining these two pieces of infor-
mation yields ψ = 0.3. We set the elasticity of substitution between goods produced in different
locations to χ =2 following Boehm, Levchenko, and Pandalai-Nayar (2023). Finally, we set the
period length to a year. The discount rate, β = 0.95 and the capital depreciation rate, δ = 0.05, are
calibrated to to values conventional in the literature (see e.g. Kleinman, Liu, and Redding, 2023).

4.2 The economic impact of removing unauthorized workers

This section reports the impact of removing 50% of the unauthorized population from the US,
ĤU = 0.5. This reduction amounts to a deportation of about 3.7 million workers, which is roughly
commensurate with the DHS stated target of removing 1 million people per year between 2025
and 2028 (Department of Homeland Security, 2025b).
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4.2.1 Real wages

Regional wages: We start by computing the change in average, group-specific, real wages across
regions. Panel A of Figure 4 displays the natives’ real wage changes, ∆ ln

(
WN

rt /Prt
)
, plotted

against the initial share of unauthorized workers in the aggregate wage bill in each region, λU
r .

The left panel shows changes at t = 1 (the short run), while the right panel plots changes as
t → ∞ (the long run). In both plots, the horizontal line displays the national average.13

Natives’ real wages increase in all but 3 states in the short run, averaging 0.15% nationally. The
size of the increase is larger in states with relatively more unauthorized immigrants. By contrast,
native real wages decline in every state in the long run, averaging −0.33% nationally. Again, the
fall is larger in states with more unauthorized immigrants. The analytics in Section 3.6 help un-
derstand these results. Removing unauthorized workers initially increases the capital labor ratio,
while also making natives the relatively more abundant type of labor. As discussed in Section 3.6,
the first effect bids up native wages, and dominates in the short run under our parameterization.
The second effect bids down native wages, and is the only one operating in the long run as the
capital-labor ratio returns to its pre-shock level.

Note that both effects are stronger in states with higher initial migrant shares. Thus, those
states experience the largest absolute changes in wages in both the short and the long run.14 The
largest natives’ long-run real wage reductions are in California, Washington, Delaware-New Jer-
sey, and Texas, ranging from −0.38% to −0.49%. In the states where natives’ real wages fall the
least – North Dakota, Maine, South Dakota, and Michigan – the changes are around −0.2%. Given
that our calibration implies an elasticity of ξr ≃ 0.35, and that ∆lnHU = ln (0.5) = −0.69, the na-
tional real wage reduction of −0.33% is in line with the approximation provided by Proposition 1
for the simplified model. Figure 5 visualizes the transition path for the real wage change for the US
as a whole and two states: California and Maine (one of the states with the lowest unauthorized
shares). The California time path is steeper than the national average: it starts with a larger short-
run increase, but ends up with a lower long-run wage. The opposite is true for Maine, whose time
path is flatter than the national one. Note that Maine experiences a small uptick in wages between
the first and second periods. This is due to our assumption that migration decisions occur at the
end of the period, so at t = 1 deportations happen but the rest of the US population did not yet
have a chance to adjust. Starting at t = 2 out-migration from Maine makes labor more scarce there
and pushes up real wages.

Panels B and C of Figure 4 plot the aggregate log wage changes for foreign immigrants in the
short and the long run, ∆ ln

(
W i

rt/Prt
)
, i = A, U against the initial share of unauthorized workers

13Throughout this section, we compute ’average’ real wages as the group-specific wage index Wi
rt deflated by the

average regional price index Prt. Below we discuss differences in price indices across households consuming different

baskets, Prt (h) . The national aggregate real wage change is defined as ∆ ln
(

Wi
t /Pt

)
, where the national nominal wage

change ∆ ln Wi
t is the regional wagebill-share-weighted log change in the regional wages Wi

rt, and the national price
index change ∆ ln Pt is the regional expenditure-weighted log change in regional Prt.

14The fit is not perfect because in the full model the wage response also depends on the relative shares of authorized
vs. unauthorized immigrants.
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in the immigrant wage bill in each region, λU
r /

[
λA

r + λU
r
]
. As discussed in Section 3.6, foreign

immigrants benefit in every state, and in both the short and the long run. This is due to the
fact that immigrants become scarcer relative to both capital and native workers, with both effects
boosting immigrant wages. Although short-run gains are larger, the relative labor scarcity effect
dominates quantitatively. Real wages for the authorized workers rise by 3.7% in the short run,
and by 3.21% in the long run on average at the national level. In the long run they range from
0.70% and 1.65% in Montana and North Dakota to 3.88% and 4.53% in Nevada and Idaho. The
largest gains by far are for the unauthorized workers that remain in the US, whose real wages
increase on average by 12.89% in the short run and 12.24% in the long run, ranging from 8.55% in
Massachusetts to 24.19% in North Dakota in the long run.

Occupation-specific wages: As noted in Proposition 1, the short-run increase in the capital-labor
ratio raises wages uniformly across occupations. We thus focus our discussion on the long run
changes. The short run wages, which are an upward parallel shift compared to the long run
changes, are relegated to Appendix Figure A1.

Figure 6 reports long-run changes in average, group-specific real wages across occupations.
The left panels report national averages, with the x-axis sorted by the share of unauthorized
in the nationwide wage bill of that occupation.15 As anticipated by Proposition 1, real wages
for natives rise in a few occupations that are very intensive in foreign immigrants. The largest
increases are in Farming, Fishing, and Forestry occupations (3.44%), followed by Construction:
Roof, Steel (0.86%). The right panel shows long-run real wage changes by occupation-region pair,
∆ ln

(
W i

rot/Prt
)
.16 In line with the Proposition, real wage changes are larger in occupation-regions

with a high presence of foreign unauthorized workers. The increase in Farming and Forestry real
wages exceed 5% in a number of states, and reach 7.17%, 6.69% and 6.55% in California, South
Carolina, and Oregon. The figure also shows small declines in long-run real wages in 23 out of
36 occupations. Across these occupations the weighted average decline in national real wages is
−0.38%. The worst-affected occupations are Other Personal Services, Health, Social and Media,
and Business, Finance, and Legal.

In contrast, nationwide real wages for authorized and unauthorized immigrants that remain in
the US rise in all occupations due to their high substitutability with the removed workers (middle
and bottom left panels). These gains increase with the initial share of unauthorized immigrants in
the immigrant wage bill (middle and bottom right panels). The largest gains for foreign authorized
workers are in Farming and in Construction: Roof, Steel (15.61% and 8.55% at the national level).
Unauthorized foreign workers remaining in the US see even larger gains, of 23.49% in Farming
and 17.34% in Construction: Roof, Steel. For both types of immigrant workers, the smallest gains
are in occupations such as Business, Finance, and Legal, Other Personal Services, Health, and

15The national occupational real wage change is defined as ∆ ln
(

Wi
ot/Pt

)
, where the national occupational nominal

wage change ∆ ln Wi
ot is the within-occupation wagebill-share-weighted log change in the occupation-region wages

Wi
rot, and the national price index change ∆ ln Pt is defined in footnote 13.
16The panel labels 12 broad occupational categories, though each of the 36 occupations is plotted separately.
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Figure 4: Real wages in the short and long run
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Panel B: Foreign Authorized
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Panel C: Foreign Unauthorized
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Notes: This figure plots the real wage changes, for each region, following a 50% reduction in unauthorized workers
nationally. Panels A, B, and C plot the results for natives, foreign authorized, and foreign unauthorized, respectively.
The left panels display the short-run change, the right panel the long-run change.
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Figure 5: Native real wages: the transition
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Notes: This figure plots the native real wage changes in the transition to the new steady state, for the US as a whole,
California, and Maine.

Social and Media, where the foreign worker presence before the shock is minimal.

4.2.2 Relative prices

Sectoral prices: Panel A of Figure 7 plots the national changes in relative producer prices by sec-
tor, for both the short run and the long run, ∆ ln

(
Py

rst/Prt
)
.17 Removing unauthorized immigrants

makes Farms and Forestry and Fishing more expensive relative to the average consumption bas-
ket, by 1.64% and 1.42% respectively at the national level in the long run. This is in line with the
prediction of Proposition 1 given our calibrated value of ξs

r ≃ 1/2. In the rest of the sectors the
long-run relative price changes are small on average, though for a few, such as Construction and
Food and Beverages Manufacturing, the relative price increases reach 0.8-0.9% in some regions.
These sectors exhibit similar price changes in the long run and the short run.

In the short run, Real Estate prices fall by about −0.35% in relative terms. Real Estate is pre-
dominantly capital. As capital becomes relatively abundant, Real Estate becomes cheaper. At the
extreme, in the short run Real Estate prices fall by more than 0.5% in California. The change in
producer prices is highly heterogeneous across locations, in a way that is well-predicted by the
pre-shock unauthorized share in the region-sector wage bill (Panel B). California, which is the

17The national sectoral relative producer price change is defined as ∆ ln
(

Py
st/Pt

)
, where the national producer price

change ∆ ln Py
st is the sector-specific regional sales-share-weighted log change in the regional producer prices Py

rst, and
and the national price index change ∆ ln Pt as defined in footnote 13. Below, the national sectoral relative consumer
price change is defined as ∆ ln (Pst/Pt), where ∆ ln Pst is the sector-specific regional expenditure-share-weighted log
change in the regional consumer prices Prst.
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Figure 6: Changes in real wages across occupations, the long run
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Notes: This figure plots the long-run real wage changes of three types of workers, for each occupation, following a 50%
reduction in unauthorized workers nationally. The left panels plot the nationwide changes, and the right panels plot
the occupation-region changes against the share of foreign unauthorized workers in the total wage bill (top panel) or
the share of unauthorized workers in the foreign wage bill (middle and bottom). For the bar graphs, occupations are
sorted by the initial share of foreign unauthorized.
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largest producer of both Farm and Forestry and Fishing products, sees producer price increases of
3.15% and 3.38% in those two sectors, respectively.

Panel C of Figure 7 plots the national changes in relative consumer prices by sector, d ln (Prst/Prt).
Changes in sectoral consumer and producer prices are similar at the national level, with long-run
relative consumer price increases in Farming and Forestry and Fishing of 1.17% and 1.00%, respec-
tively. Most other sectors exhibit negligible national average consumer price changes, of between
−0.23% and 0.37% in the long run. The regional variation in consumer prices is more muted com-
pared to producer prices. In the presence of international trade, consumer prices are weighted
averages of region-specific producer prices. In addition, trade allows production to shift towards
less affected regions. Thus, the increase in the long-run relative consumer prices of Farms and
Forestry and Fishing in California are only 3.01% and 2.57%, respectively. Figure 8 reports the
changes in sectoral output. Predictably, nationwide real output in all sectors declines, as now the
US is a smaller country. In the long run, the declines in most sectors are on the order of 1%, with
outliers being Farms and Forestry and Fishing, with declines of over 3%. The output declines are
notably smaller in the short run, when the economy operates with the pre-shock capital stock,
which is higher than in the long run.

Regional and income-specific consumption baskets: Figure 9 plots the change in ∆ ln (Prt/Pt)

against the initial presence of unauthorized immigrants. In the long run, the states with larger
unauthorized presence such as California, Washington, Texas, and Delaware-New Jersey experi-
enced larger increases in the overall price index ∆ ln Prt, at 0.2-0.3% above national CPI. By con-
trast, the states without many unauthorized immigrants saw CPI changes 0.3-0.4% below the na-
tional change. This positive slope is attenuated in the short run. The states with the highest initial
presence of unauthorized see higher labor costs in both the short and the long run, as workers are
removed. However, those states also experience the largest increase in the capital-labor ratio in
the short run, which acts to push down consumption prices, all else equal. In the short run, the
regions with the most unauthorized workers, California and Washington State, do not experience
exceptional CPI changes relative to the national average.

Finally, we compute the variation in consumption price indices across households of different
incomes. Recall that in our framework, each household receives idiosyncratic preference shocks
γst (h), thus household consumption baskets differ and are reflected in household-specific price
indices prt (h). We thus use the US Consumer Expenditure Survey to compute expenditure shares
γst (h) for each 5% bin (“ventile”) of the income distribution. Appendix Figure A2 displays the het-
erogeneity in consumption expenditure shares across 5% bins of the income distribution. Broadly,
as income increases, expenditure shares on services rise, and expenditure shares on food fall. We
then compute ventile-region-specific price indices prt (h), h ∈ {0 − 5%, 5 − 10%, . . . , 95 − 100%}
using ventile-specific expenditure shares and regional consumer price changes d ln Prst. Figure 10
displays the scatterplot of the change in the price index of the top 5% of the income distribution
against the price index of households in the bottom 5%, along with the 45-degree line. (These
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Figure 7: Changes in relative sectoral prices

Panel A: Producer prices, national
Short run Long run
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Panel B: Producer prices, scatter of region-sector
Short run Long run
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Panel C: Consumer prices, national
Short run Long run
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Notes: This figure plots the relative producer and consumer price changes by sector, following a 50% reduction in
unauthorized workers nationally. The left panels plot the short-run changes, and the right panels the long-run changes.
Panels A and C plot the national average changes in producer and consumer prices, respectively. Panel B reports
scatterplots of region-sector producer price changes against the initial share of foreign unauthorized in the region-
sector total wage bill.
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Figure 8: Changes in sectoral output

Short run Long run

-4

-3

-2

-1

0

Y rs
 (%

)

Pu
bl

ic 
ad

m
in

 &
 m

ilit
ar

y
Fe

d 
go

vt
 e

nt
er

pr
ise

s
Ho

sp
ita

ls
Ed

uc
at

io
n

Am
bu

la
to

ry
 c

ar
e

In
su

ra
nc

e
Ut

ilit
ie

s
Fi

na
nc

e 
& 

in
ve

st
m

en
ts

So
cia

l a
ss

ist
an

ce
Re

al
 e

st
at

e
M

ot
or

 &
 tr

an
sp

 e
qu

ip
Co

m
pu

te
rs

 &
 e

le
ct

ro
ni

cs
Le

ga
l &

 te
ch

 s
er

vic
es

M
ac

hi
ne

ry
M

ed
ia

 &
 s

ou
nd

 re
co

rd
in

g
Ch

em
ica

l p
ro

du
ct

s
Ar

ts
 &

 m
us

eu
m

s
O

il &
 g

as
, m

in
in

g
El

ec
tri

ca
l e

qu
ip

m
en

t
Re

nt
al

 &
 le

as
in

g
Nu

rs
in

g 
ca

re
Pr

in
tin

g 
& 

su
pp

or
t

M
et

al
 p

ro
du

ct
s

Ai
r/R

ai
l/T

ru
ck

 tr
an

sp
Pu

bl
ish

in
g 

& 
in

te
rn

et
Am

us
em

en
ts

 &
 g

am
bl

in
g

Re
ta

il t
ra

de
W

ho
le

sa
le

 tr
ad

e
M

isc
 m

an
uf

ac
tu

rin
g

W
oo

d 
& 

pa
pe

r p
ro

du
ct

s
W

as
te

 m
gm

t
O

th
er

 s
vc

s 
(n

on
-g

ov
t)

Pl
as

tic
s 

& 
ru

bb
er

No
nm

et
al

 m
in

er
al

 p
ro

d
Te

xt
ile

s 
& 

ap
pa

re
l

O
th

er
 tr

an
sp

or
ta

tio
n

Ad
m

in
 s

up
po

rt 
sv

cs
Ac

co
m

m
od

at
io

n
Fo

od
 &

 to
ba

cc
o 

m
fg

Fu
rn

itu
re

Fo
od

 &
 d

rin
k 

sv
cs

Co
ns

tru
ct

io
n

Fo
re

st
ry

 a
nd

 F
ish

in
g

Fa
rm

s

-4

-3

-2

-1

0

Y rs
 (%

)

Pu
bl

ic 
ad

m
in

 &
 m

ilit
ar

y
Fe

d 
go

vt
 e

nt
er

pr
ise

s
Ho

sp
ita

ls
Ed

uc
at

io
n

Am
bu

la
to

ry
 c

ar
e

In
su

ra
nc

e
Ut

ilit
ie

s
Fi

na
nc

e 
& 

in
ve

st
m

en
ts

So
cia

l a
ss

ist
an

ce
Re

al
 e

st
at

e
M

ot
or

 &
 tr

an
sp

 e
qu

ip
Co

m
pu

te
rs

 &
 e

le
ct

ro
ni

cs
Le

ga
l &

 te
ch

 s
er

vic
es

M
ac

hi
ne

ry
M

ed
ia

 &
 s

ou
nd

 re
co

rd
in

g
Ch

em
ica

l p
ro

du
ct

s
Ar

ts
 &

 m
us

eu
m

s
O

il &
 g

as
, m

in
in

g
El

ec
tri

ca
l e

qu
ip

m
en

t
Re

nt
al

 &
 le

as
in

g
Nu

rs
in

g 
ca

re
Pr

in
tin

g 
& 

su
pp

or
t

M
et

al
 p

ro
du

ct
s

Ai
r/R

ai
l/T

ru
ck

 tr
an

sp
Pu

bl
ish

in
g 

& 
in

te
rn

et
Am

us
em

en
ts

 &
 g

am
bl

in
g

Re
ta

il t
ra

de
W

ho
le

sa
le

 tr
ad

e
M

isc
 m

an
uf

ac
tu

rin
g

W
oo

d 
& 

pa
pe

r p
ro

du
ct

s
W

as
te

 m
gm

t
O

th
er

 s
vc

s 
(n

on
-g

ov
t)

Pl
as

tic
s 

& 
ru

bb
er

No
nm

et
al

 m
in

er
al

 p
ro

d
Te

xt
ile

s 
& 

ap
pa

re
l

O
th

er
 tr

an
sp

or
ta

tio
n

Ad
m

in
 s

up
po

rt 
sv

cs
Ac

co
m

m
od

at
io

n
Fo

od
 &

 to
ba

cc
o 

m
fg

Fu
rn

itu
re

Fo
od

 &
 d

rin
k 

sv
cs

Co
ns

tru
ct

io
n

Fo
re

st
ry

 a
nd

 F
ish

in
g

Fa
rm

s

Notes: This figure plots the changes in real output, following a 50% reduction in unauthorized workers nationally. The
left panel plots the short-run changes, and the right panel the long-run changes.

Figure 9: Consumption price index and initial presence of unauthorized workers

Short run Long run
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Notes: This figure plots the change in CPI relative to the nationwide CPI change (Prt/Pt) against the initial statewide
share of unauthorized workers in total employment, following a 50% reduction in unauthorized workers nationally.
The left panel plots the short-run changes, and the right panel the long-run changes.
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Figure 10: Consumption price index of the top 5% and bottom 5% of the income distribution

Short run Long run
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Notes: This figure plots the change in CPI (prt(h)/Pt) for the top 5% of the income distribution against the bottom 5%
of the income distribution, following a 50% reduction in unauthorized workers nationally, along with the 45-degree
line. The left panel plots the short-run changes, and the right panel the long-run changes.

changes are monotonic across income quantiles, with the price indices for middle quantiles in-
between these two.) Qualitatively, the results differ between the short and the long run. In the
long run, the cost of living for the high-income households rose by less with the removal of im-
migrants (the dots are below the 45-degree line). Thus, in the long run the migrant removal is
regressive when it comes to the cost of living. By contrast, in the short run the cost of living of
the high-income consumers rises by more than that of the poor. However, the differences across
households of different incomes are quite minor quantitatively in both the short and the long run.
On average across states, it amounts to 0.02% in the long run.

Sensitivity We discuss sensitivity of the results to the parameter values by means of reporting
alternative elasticities ξr, ξs

r , ξN
ro, and ξ l

r. (The analytical expressions in Propositions 1 and 2 pro-
vide a good approximation to the wage and price changes in the full quantitative model. Thus,
assessing the sensitivity of the composite elasticities in the analytical formulas is a streamlined
way of quantifying the role of the structural parameters.) Table 2 reports the results. Because the
Farming occupations have the highest unauthorized share, we report ξN

ro for o = Farming. This is
the occupation that is most susceptible to changes in the unauthorized presence. The bold values
are our baseline (recall that our baseline elasticities are θ = 1, η̄r = 1.6, ϵ = 3, ν = 1.5, and ψ = 0.3).
The three sub-panels at the top vary θ, while the η̄r and ϵ are varied within each sub-panel. For ϵ,
the range is between the 4.6 estimate of Burstein et al. (2020) and 1.3 of Clemens and Lewis (2024).
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We consider the lower bound for the occupation macro elasticity to be 1.3 in order to coincide with
the lower bound for ϵ, because in the special case of η̄r = ϵ, the elasticity formulas simplify.

Comparing across the top 3 sub-panels, the value of θ does not matter quantitatively for ξr,
and matters somewhat for ξs

r : higher values of θ make sectoral prices less sensitive to sectoral
immigrant shares. This is sensible, as θ regulates mobility across occupations. Higher mobility
means that migrants are more easily replaced by other workers, reducing the sensitivity of prices
to the loss of migrant workers in a sector. At the same time, higher θ also makes Farming-specific
native wages less sensitive to the shock. This is intuitive, as a higher θ implies an easier time for
natives to enter the Farming occupation.

Going along the rows of the sub-panels reveals sensitivity to the aggregate occupational elas-
ticity η̄r. Once again, ξr is not sensitive to the value of η̄r, while ξs

r is somewhat more sensitive:
under the baseline values of other parameters, ξs

r ranges from 0.33 for η̄r = 3 to 0.59 for η̄r = 1.3.
Finally, comparison of the the middle three columns of Table 2 reveals the sensitivity to ϵ. Lower
ϵ makes average wages (ξr) and sectoral prices (ξs

r) more responsive than the baseline, though the
effect is somewhat muted in case of ξs

r .
The key sensitivity turns out to be the Farming occupational wage. Here, the sign of the effect

depends on the values of both η̄r and ϵ. Recall that our baseline analysis, reported in bold in the
middle row, found that Farming occupation native wages rose following the deportation shock
(ξN

ro < 0 for o = Farming). For a high value of η̄r, the sign reverses and the Farming wages actually
fall following mass deportations. This is intuitive: when occupations are close substitutes, the
Farming sector can more easily make up for the shortfall of Farming occupational labor with other
occupations, obviating the need to bid up the wages of native Farming workers. Also, when ϵ is
low – natives and immigrants are less substitutable – the sign also flips, thus once again following
deportation native Farming wages fall. While these results are stated here in terms of the sign
of the composite elasticity, we confirmed it in the full quantitative analysis. Thus, the sign of the
occupation-specific native wage predictions is elasticity-dependent and should be treated with
caution. Farming was one of the few places in which wages of natives benefited from removal of
immigrants. Higher η̄r or lower ϵ make the model predictions regarding Farming wages more in
line with the economy-wide predictions of lower native wages in the long run.

The bottom panel evaluates the sensitivity of the regional labor supply ξ l
r to the relevant pa-

rameters, namely the migration elasticity ν and the labor supply elasticity ψ. Here the bottom line
is that even over fairly large ranges of ν and ψ, the elasticity of regional labor to the nationwide
shock to migrant presence is quite close to 1. Thus, precise assumptions on how agents choose
location and market labor supply matter little in this context. The functional form for ξ l

r in Propo-
sition 2 reveals the reasons behind the low sensitivity. The labor supply elasticity matters because
labor supply responds to wages. Thus, in the expression for ξ l

r, ψ is pre-multiplied by ξrπH,r,
which translate the migration shock to the wage change. Both of these are fractions, attenuating
the impact of the labor supply elasticity on ξ l

r. The migration elasticity matters for ξ l
r insofar as

the wage elasticity to the labor supply shock varies across regions: ξr − ∑R−1
r′=1 πrr′ξr′ ̸= 0. This
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Table 2: Sensitivity

θ = 0 η̄r = 1.3 η̄r = 1.6 η̄r = 3
ξr ξs

r ξN
rF ξr ξs

r ξN
rF ξr ξs

r ξN
rF

ϵ = 1.3 0.77 0.77 0.77 0.76 0.63 1.50 0.73 0.33 2.99
ϵ = 3 0.38 0.77 -1.88 0.36 0.63 -1.15 0.33 0.33 0.33

ϵ = 4.6 0.27 0.77 -2.59 0.26 0.63 -1.86 0.23 0.33 -0.37

θ = 1 η̄r = 1.3 η̄r = 1.6 η̄r = 3
ξr ξs

r ξN
rF ξr ξs

r ξN
rF ξr ξs

r ξN
rF

ϵ = 1.3 0.77 0.77 0.77 0.75 0.67 1.21 0.72 0.43 2.36
ϵ = 3 0.37 0.59 -0.94 0.36 0.52 -0.59 0.33 0.33 0.33

ϵ = 4.6 0.26 0.55 -1.41 0.25 0.48 -1.09 0.23 0.31 -0.23

θ = 5 η̄r = 1.3 η̄r = 1.6 η̄r = 3
ξr ξs

r ξN
rF ξr ξs

r ξN
rF ξr ξs

r ξN
rF

ϵ = 1.3 0.77 0.77 0.77 0.75 0.72 0.93 0.70 0.56 1.48
ϵ = 3 0.36 0.42 -0.13 0.35 0.42 -0.03 0.33 0.33 0.33

ϵ = 4.6 0.24 0.33 -0.38 0.24 0.33 -0.30 0.23 0.27 0.00

ξ l
r

ψ = 0 ψ = 0.3 ψ = 1
ν = 0 1.00 0.97 0.94

ν = 1.5 1.00 0.96 0.93

ν = 5 0.99 0.96 0.93

Note: These tables report the simple cross-regional averages of the composite elasticities ξr, ξs
r , ξN

ro for o = Farming,
and ξ l

r under alternative parameterizations. ξ l
r is computed under our baseline parameterization for ηr, θ, and ϵ. We

use bold font to highlight our baseline calibration.

appears not to be a large force quantitatively.
Because the analytical results are for an economy with only nontradeables, the sensitivity anal-

ysis using the ξr, ξs
r , ξN

ro, and ξ l
r does not cover the Armington elasticity χ. In the baseline we adopt

a value of χ = 2 following Boehm, Levchenko, and Pandalai-Nayar (2023). Appendix Figure A3
presents the results under a higher value of the χ = 7, following Burstein et al. (2020). Panel A
displays the regional native wages, while Panel B displays the native wages by occupation. Com-
paring these to the baseline results in Figures 4 and 6, it is clear that the real wage changes are
not sensitive to the value of χ, in either the average magnitudes or the variation across states or
occupations. The wage changes for authorized and unauthorized immigrants are equally similar
to the baseline and we do not report them here. Panel C presents the results for the relative sec-
toral consumer prices. The price changes are somewhat attenuated relative to the baseline under
χ =2: while Food prices rose by 1.2% relative to CPI in the baseline, under χ = 7 they rose by 1%.
The attenuation makes sense, as a higher Armington elasticity allows for easier substitution for
foreign goods when the domestic Food prices increase.

5 Conclusion

This paper provides a quantification of the effects of a large decrease in the number of unautho-
rized workers in the US using a multi-region multi-occupation multi-sector model of the United
States. The model is calibrated using a new approach to impute legal status within the ACS,
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which also allows us to document for the first time the occupational, regional and sectoral pat-
terns in worker composition by immigration status. We show that a uniform 50% reduction in the
unauthorized workforce (approximately 2.5 million workers) leads to modest nationwide wage
increases for US-citizen workers in the short run, followed by wage declines of larger magnitude
in the long run. These aggregate nationwide figures, however, mask highly heterogeneous im-
pacts across regions and occupations.

Immigration policies have several dimensions. In addition to the stated deportation goal of 4
million workers — a figure that includes both unauthorized individuals and those with temporary
legal status, such as beneficiaries of TPS, there are ongoing efforts to prevent further illegal border
crossings. Our framework can be easily employed to evaluate the economic consequences of this
broader package of policies, including closing the southern border and reclassifying some of the
currently authorized workers as unauthorized and deporting (some of) them. At the same time,
our analysis pertains primarily to wages and incomes, and does not speak to other important
aspects of migration policies, such as their fiscal, political, and humanitarian consequences.
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ONLINE APPENDIX

(NOT FOR PUBLICATION)



A Data assembly

A.1 Worker data

A.1.1 Immigration status assignment

This section describes in detail the assignment of immigration status to respondents of the 2023
American Community Survey (ACS). Our algorithm follows closely Connor (2024), who devel-
oped the method and applied it to the 2022 ACS.

Traditionally, unauthorized workers were considered to be foreigners lacking residence per-
mits and therefore at risk of being deported back to their countries of origin. Research on the
characteristics of this population has been severely limited by lack of information on immigra-
tion status in large-scale surveys. Over the last decade, an increasing number of individuals have
received administrative protections from deportation, such as DACA, TPS or asylum-seeker sta-
tus, which also provide work authorization but lack a track toward legal permanent residence or
citizenship.

To address the data shortcoming, demographers have developed a methodology to assign
unauthorized status to individuals in the ACS and CPS. Among others, Warren and Warren (2013)
and Passel and Cohn (2014) have led the development of the methodology over the last decade.
However, until very recently, immigrant status assignment methods did not differentiate between
fully unauthorized workers and those with temporary protection from deportation. Connor (2024)
addresses this problem by extending the assignment method to identify various protected groups,
separately from fully unauthorized individuals. His analysis relies on the 2022 ACS and publicly
available auxiliary administrative data from various sources regarding recent border crossings
and visa issuances. Besides partitioning the broad unauthorized status category, his analysis also
adjusts the survey weights to better represent the immigrant population in 2023 by accounting for
recent 2022 and 2023 arrivals that are unlikely to have been sampled due to their transient status.

In our paper, we implement the method in Connor (2024) on the 2023 ACS (Ruggles et al., 2015)
and project it forward to make it representative of the 2024 immigrant population. Our algorithm
follows the steps below:

1. Immigrant population. It is well-established that the foreign-born population and, partic-
ularly, those with unauthorized status, are typically undercounted in nationally representative
surveys (Van Hook et al., 2015). To mitigate this problem, we rely on Khubba, Heim, and Hong
(2022) and re-weight the 2023 ACS on the basis of known 2020 Census undercounting of certain
groups, which enlarges the total immigrant population by about 1 million (to 47.1 million).

2. Naturalized, legal permanent residents (LPR) and (non-immigrant) visa holders. We use ACS
information to identify naturalized citizens and likely LPR and visa holders. Specifically, we com-
bine information on nationality, occupation, educational attainment, social welfare program use,
household arrangements (e.g. marriage to a US citizen), years in the US, and other variables. For-
eign spouses and dependents of visa holders are also considered visa holders. We checked that
the resulting estimates for each visa category we consider (F-1, M-1, H-1B, H-2B, H-2A, J, L, O, P,
R and TN) are in line with the issuance totals reported in government sources (DHS, Department
of State, Department of Labor) or in Open Doors (https://opendoorsdata.org).

3. Deferred Action for Childhood Arrivals (DACA) and Temporary Protected Status (TPS). DACA
was introduced in 2012 by President Obama in order to offer protection to unauthorized youth
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who entered the US as children. Temporary Protected Status is meant to last up to 18 months
and offer temporary relief from deportation due to unsafe country of origin conditions. Similar to
the assignments in the previous group, we use information on nationality, occupation, education,
parents’ and spouses’ status, and year of arrival in the country to identify individuals who are
likely to have DACA or TPS status. Specifically, we consider an individual as likely eligible for
DACA if he/she satisfies the following conditions: (1) arrived in the US before 2008, (2) younger
than 16 upon arrival, (3) age 42 years old or younger in 2023, (4) graduated from high school
(or GED) or currently studying full time. The number of DACA-eligible individuals is larger
than the actual number of recipients. To address the discrepancy, we randomly assign DACA
recipient status according to the number of valid DACA recipients reported by USCIS as of 2023.
We match sex-specific population group targets for Mexican and non-Mexican DACA recipients
in top recipient states (California, Texas, and all other states combined). DACA spouses eligible
for DACA and married to a DACA recipient are also assigned recipient status.

4. Unauthorized status. Likely unauthorized immigrants are obtained by subtracting (likely)
naturalized immigrants, LPR, visa holders (step 2), and likely DACA or TPS recipients (step 3)
from the foreign-born population (step 1). The number of likely unauthorized individuals (with
or without temporary protection) we obtain is similar to the target values obtained from adminis-
trative sources. As a result, we do not need to randomly select individual cases in order to match
the target unauthorized population in administrative sources.

5. Projection forward to the end of the 2024 fiscal year. We use publicly available government data
on border crossings, asylum seekers and parole permits to account for 2023 and 2024 unauthorized
inflows, asylum seekers, and individuals admitted through parol. We do so by adjusting upward
the 2023 ACS survey weights of the likely unauthorized individuals (by nationality and age).

6. Protected status (besides DACA and TPS). Central to our analysis, we also identify the subset
of (likely) unauthorized individuals with protected status (from deportation). We only assign pro-
tected status to individuals already considered unauthorized that were not deemed to be DACA
or TPS recipients. We do this iteratively in the following order: Adjustment to Permanent Sta-
tus (protecting individuals waiting to receive their green card or employment-based visa shortly),
Special Immigrant Juvenile Status (protecting unauthorized youth from parental abuse or neglect),
Adjustment to Nonimmigrant status (occasionally conferred to witnesses or victims of criminal ac-
tivity), Asylum seekers, and Parole (offering protection to individuals due to humanitarian or se-
curity considerations).18 According to our data, in 2024 the protected population makes up nearly
half of the total unauthorized population. Among them, the 5 largest protected groups are asylum
seekers, paroled individuals, recipients of TPS, and DACA recipients, and (non-immigrant) visa
holders.

7. Regrouping into two groups. Currently, our theoretical framework splits the unauthorized
population in two categories: those with temporary protection from deportation (grouped to-
gether with LPR and visa-holders) and those lacking any such protection. We label these groups
authorized and unauthorized, respectively. Because our focus is on working-age individuals, the
key distinction from an economic point of view is that one group can legally work while the other
cannot. As illustrated by several studies on the effects of DACA, the authorized-unauthorized dis-
tinction shapes unauthorized workers’ occupational choices, productivity, and wages (Pope, 2016;
Amuedo-Dorantes and Antman, 2017; Hsin and Ortega, 2018; Borjas and Cassidy, 2019; Ortega
and Hsin, 2022; Zaiour, 2023; Villanueva-Kiser and Wilson, 2024).

18We assign a single protected status to each individual, even if more than one were possible.

44



A.2 Construction of the trade and production shares

Throughout, let the regular font denote objects in the model, and the typewriter font denote
pieces of data sourced from various databases. The shares required for the model solution are
assembled from various sources, and harmonized across sources. There are 3 types of sectors:
(i) those for which Commodity Flow Survey (CFS) data for internal US trade are available; (ii)
tradeable sectors for which CFS data are not available; and (iii) non-tradeable sectors. There are
2 types of regions: (i) inside the US, and (ii) the rest of the world. This section describes how
data are built for each type of sector and region. It may help to visualize the required pieces of
information using the following graphic for sector s:

Importer r′ →
Exporter r ↓

State 1 State 2 · · · State R-1 ROW
State 1 P1sY11s P1sY12s · · · P1sY1,R−1,s P1sY1,Rs

State 2 P2sY21s
. . .

...
...

... Py
rsYrr′s

... → Py
rsYrs

State R-1 PR−1sYR−1,1s · · · . . . PR−1,sYR−1,Rs
ROW PRsYR,1s · · · · · · · · · PRsYR,Rs

↓
Pr′sXr′s

A.2.1 Production and Trade: CFS sectors

For these sectors, which are primarily manufacturing, we have the following data:

TradeCFSrr′s total shipments from r to r′ in sector s CFS
WrsLrs

ACS total wage bill in sector s, region r ACS
DomSalesIOs the total sales by US producers to US buyers BEA IO
ExportsIOs the total US exports of sector s BEA IO
ImportsIOs the total US imports in sector s BEA IO
ExportsCENSUSr,R,s exports from state r to the rest of the world in sector s Census
ImportsCENSUSR,r′,s imports to state r′ to the rest of the world in sector s Census
SalesICIOUSi ,SalesICIORi sales (or exports) from country r to ICIO

country r′ in broad industry i

We first apportion the aggregate US sales by domestic firms to domestic buyers according to
region r’s share in sector s’s national wage bill from ACS:

Py
rsYrs − Py

rsYrRs =
WrsLrs

ACS

∑r′ Wr′sLr′s
ACS

× DomSalesIOs

We then apportion region r’s total sales to all US destinations according to CFS data. We compute
domestic to domestic sales by apportioning DomSalesIOs according to CFS shares (r, r′ ∈ US):

Py
rsYrr′s =

TradeCFSrr′s

∑q′∈US Trade
CFS
rq′s

×
(

Py
rsYrs − Py

rsYrRs
)

.
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We compute US region to ROW sales (last column of the trade matrix) by apportioning ExportsIOs
according to the wage bill shares from ACS (r ∈ US, r′ = R):

Py
rsYrRs =

WrsLrs
ACS

∑r′ Wr′sLr′s
ACS

× ExportsIOs .

We compute ROW to US sales (last row of the trade matrix) by apportioning ImportsIOs according
to import shares in the census (r = R, r′ ∈ US):

Py
RsYR,r′s =

ImportsCENSUSR,r′,s

∑q∈US Imports
CENSUS
R,q,s

× ImportsIOs .

ROW to ROW sales (r, r′ = R) have to come from ICIO. We populate ROW to ROW sales in
such a way that the ratio of total US sales to total ROW sales equals the value in ICIO. Because we
only have industries i and not sectors s, we need an assumption on how ICIO industry i sales are
apportioned to finer sectors s. We assume that the sales are apportioned to s within i in the same
way in the US and ROW. In that case, the ROW to ROW sales are inferred as:

Py
RsYR,Rs =

SalesICIOR,US,i + SalesICIOR,R,i

SalesICIOUS,US,i + SalesICIOUS,R,i
×

[
DomSalesIOs + ExportsIOs

]
− ImportsIOs .

Note that the ratio in the beginning of the expression is simply the ratio of total sales by ROW (to
every part of the world) to total sales by the US to every part of the world.

A.2.2 Production and Trade: Non-CFS Sectors

To calibrate these shares, we require the following data:

DomSalesIOs
the total sales of sector s in total US

BEA IO
– this is the column sum, minus exports

ExportsIOs the total US exports of sector s BEA IO
ImportsIOs the total US imports in sector s BEA IO
WrsLrs

ACS total wage bill in sector s, region r ACS
PCEBEArs state r personal consumption expenditure in sector s BEA REA

SalesICIOrr′i
sales (or exports) from country r to country r′

ICIO
in broad industry i

The first step is to compute Py
rsYrs and Pr′sXr′s. For the US states, we can compute them by

apportioning national domestic revenues and expenditures appearing in the IO tables according
to ACS wage bill shares:

Py
rsYrs =

WrsLrs

∑r′∈US Wr′sLr′s
×

[
DomSalesIOs + ExportsIOs

]
.

For non-tradeable sectors, that is all that is required, since all the cross-region trade values are
zero:

Py
rrsYrrs = Py

rsYrs

Py
rr′sYrr′s = 0 ∀r′ ̸= r.
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By the same token, local purchases equal local sales in nontradeable sectors: PrsXrs = Py
rsYrs.19

Non-tradeable sector output/purchases in ROW are obtained by simply rescaling the ROW sales
such that the ratio of US to ROW sales matches what appears in ICIO:

Py
RsYR,Rs = Py

RsYRs = PRsXRs =
SalesICIOR,US,i + SalesICIOR,R,i

SalesICIOUS,US,i + SalesICIOUS,R,i
× DomSalesIOs .

For tradeable non-CFS sectors, we follow the procedure in Rodríguez-Clare, Ulate, and Vasquez
(2025) and use adding-up constraints and how trade responds to gravity variables to infer bilateral
trade values. The procedure requires, for each region, sales Py

rsYrs and purchases PrsXrs, as well
as bilateral distance between each region. That paper should be consulted for further detail.20

The sales are constructed as above. For purchases, we apportion aggregate US purchases to re-
gions based on the region-sector personal consumption expenditure (PCE) from the BEA Regional
Economic accounts:

Pr′sXr′s =
PCEBEAr′s

∑r PCE
BEA
rs

×
[
DomSalesIOs + ImportsIOs

]
.

For ROW, we will construct internal trade first, in the same way as for CFS sectors:

Py
RsYR,Rs =

SalesICIOR,US,i + SalesICIOR,R,i

SalesICIOUS,US,i + SalesICIOUS,R,i
×

[
DomSalesIOs + ExportsIOs

]
− ImportsIOs .

Then ROW sales Py
RsYRs and ROW purchases PRsXRsare obtained by adding BEA exports and

imports, respectively:

Py
RsYRs = ∑

r∈US
Py
RsYRrs + Py

RsYR,Rs

= ExportsIOs + Py
RsYR,Rs.

PRsXRs = ∑
r′∈US

Py
r′sYr′Rs + Py

RsYR,Rs

= ImportsIOs + Py
RsYR,Rs.

A.2.3 Harmonization of wage bill, output, expenditure, and trade shares

The ACS is the source of the region-level wage bill share:

srs =
WrsLrs

∑s′Wrs′Lrs′
.

It has the following relation to the share of sectors in the aggregate gross output:

sy
rs ≡

Py
rsYrs

∑s′ Py
rs′Yrs′

=
srs/ [κs [1 − αs]]

∑s′ srs′/ [κs′ [1 − αs′ ]]
. (A.1)

19In practice, for sectors we classify as non-tradeable, ExportsIOs are negligible.
20We are grateful to the authors for sharing the code and helpful discussions.
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The nationwide sy
s is sourced from the BEA IO tables. We use this relation to compute the vector

of αs’s. In a small number of cases in which this results in a share of labor in value added greater
than 1, we winsorize the resulting αs to match the largest observed share of labor in value added
that is less than 1. In practice, setting αs this way produces values that are highly correlated with
simply reading αs’s from the IO table, but it improves consistency between production data from
the IO tables and the labor data from ACS. We obtain 1 − κs as the share of intermediate input
expenditure in gross output in the BEA IO tables.

With these values of αs, we construct the region-specific revenue shares sy
rs that are consistent

with the ACS data on wage bill shares by region and sector using equation (A.1). The trade data
now must be made consistent with the output shares above. Denote by a big tilde the original raw
data as it comes from CFS. We adopt the following procedure:

Step 1: Compute total sales by each r as a sum of each row implied by the trade data:

P̃y
rsYrs = ∑

r′
P̃y

rsYrr′s.

Construct total sales by the region:

∑̃
s

Py
rsYrs = ∑

s
∑
r′

P̃y
rsYrr′s.

Step 2: Construct the export shares:

ϖx
rr′s =

P̃y
rsYrr′s

P̃y
rsYrs

Step 3: Construct the new total sectoral sales by multiplying the total aggregate sales by the sy
rs

consistent with ACS (A.1):

Py
rsYrs = sy

rs × ∑̃
s

Py
rsYrs.

Step 4: Construct the final absolute bilateral sales by multiplying back:

Py
rsYrr′s = ϖx

rr′s × Py
rsYrs.

From here proceed to construct the expenditures. The total expenditure is the total purchases in
each column:

Pr′sXr′s = ∑
r

Py
rsYrr′s,

and the shares:

ϖrr′s =
Py

rsYrr′s

Pr′sXr′s
.

Once we have the final versions of PrsXrs and Py
rsYrs for each state and sector, we can also compute

48



the required wedge share:

sG
rs = 1 − ∑s′ [γsκs′ + [1 − κs′ ] γss′ ] Py

rs′Yrs′

PrsXrs
.

Given sy
rs in (A.1), sL

rs, sK
rs, and sM

rss′ can be constructed from (C.27), (C.28), and (C.29). Finally, λi
r are

already implied by various other shares:

λi
r = ∑

o
λi

ro ∑
s

ϕrsosrs.

A.2.4 ROW Construction

In ROW, we do not have any of the labor-related shares from ACS. Trade data imply total sales,
and therefore sy

Rs:

sy
Rs =

Py
RsYRs

∑s′ Py
Rs′YRs′

.

We use the one-to-one relationship between output shares and wage bill shares to infer the wage
bill shares in the rest of the world:

sRs =
[1 − αs] κss

y
Rs

∑s′ [1 − αs′ ] κs′s
y
Rs′

.

Using US average occupational shares:

ϕRso =
∑r ̸=R WroLrso

∑r ̸=R WrsLrs
,

we construct the πRo to be internally consistent for ROW:

πRo = ∑
s

ϕRsosRs.

Also, rest of the world residents do not choose to locate in the US, and do not choose whether to
supply labor. So we set πR = 1 and πM,R = 1.

A.3 Occupations and sectors

We aim to strike a balance between occupational granularity and the relatively small size of the
unauthorized population when we break workers into states, sectors, and occupations. Keeping
this in mind, our occupational categories are based on the 2018 Census occupational classification.
Starting from 12 large occupational categories, we selected those with a minimum threshold num-
ber of unauthorized foreigners (2000 observations) and subdivided them into 3-digit occupations.
The 3-digit occupations with fewer than a second threshold (200 observations) were grouped into
a "Rest combined" subcategory.
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B Theory

B.1 Equilibrium characterization

This section characterizes the equilibrium of the model presented in Section 3.

B.1.1 US household problem

We being by solving the problem of US households. The expected price index in region r is

lnPrt ≡
ˆ

at (h) lnprt(h)dGγ,a (h) =
ˆ

at (h)

[
∑

s
γst (h) lnPrst

]
dGγ,a (h) = ∑

s
γslnPrst.

or

Prt =∏
s

Pγs
rst. (B.1)

To solve for Υi
r, note that the average value of the shifter ζ j (ω, h) is E

[
ζ j (ω, h) |ω choose j

]
=

−ψ ln πi
j,r. Substituting in the definition of Υi

r we obtain

lnΥi
rt = ∑

j
πi

j,r

[
Vi

j,rt + E
[
ζ j (ω, h) |ω choose j

]]
= ψ ln

[
exp

{
Vk

M,rt

ψ

}
+ exp

{
Vi

H,rt

ψ

}]
.

We can then write

[
Υi

rt

]ψ
=

[
W i

rt
Prt

]ψ

+
[
ci

H,rt

]ψ
. (B.2)

We now solve for the occupation decisions, which satisfy

oi
rt (ω, h) = arg max

o
at (h)W i

rotZ
i
rotεot (ω, h) .

The fraction of members allocated to occupation o is given by (4). A household with a (h) = 1 has
labor earnings of πi

M,rtW
i
rt, where

W i
rt ≡ E

[
max

o
W i

rotZ
i
rotϵo(ω, h)

]
=Γ

( θ

1 + θ

) [
∑

o

[
Zi

rotW
i
rot

]1+θ
] 1

1+θ

, (B.3)

and Γ is the Gamma function.
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Aggregation: To obtain the aggregate labor supplies and consumption choices, note that the total

efficiency units of of type i labor supplied to occupation o in region r is

Li
rot = Hi

tπ
i
rtπ

i
M,rtZ

i
ro,t

ˆ
at(h) E [εo (ω, h) |ω choose o] dGa,ε(h)

= ΓHi
tπ

i
rtπ

i
M,rtZ

i
rot

[
πi

rot

] θ
1+θ

.

Total consumption by type k households of sectoral good s is

PrstCi
rst = Hi

tπ
i
rt

ˆ
Prstci

rst(h)dh = γsHi
tπ

i
rtπ

i
M,rtW

i
rt.

B.1.2 Regional capitalists

The treatment of regional capitalists follows Kleinman, Liu, and Redding (2023). We assume log
period utility. Let vr (Krt; t) denote the value function of the capitalist in region r at time t, which
can be written recursively as

vr (Krt; t) = max{CK
rt,Krt+1}lnCK

rt + βEt [vr (Krt+1; t + 1)]

s.t.

CK
rt + Krt+1 ≤ QrtKrt,

with Qrt ≡
[

Rrt
Prt

+ 1 − δ
]
. The first-order conditions are

1
CK

rt
= εt

β
dvr (Krt+1; t + 1)

dKrt
= εt,

where εt is the Lagrange multiplier on the time-t budget constraint, and the envelope condition is

dvr (Krt; t)
dKrt

=
Qrt

CK
rt

.

Combining these equations yields the Euler equation

β
Qrt+1

CK
rt+1

=
1

CK
rt

.

We guess and verify that there exists some constant mt such that optimal policy is CK
rt = mtQrtKrt.

Then the budget constraint implies Krt+1 = [1 − mt] QrtKrt. Plugging the guess into the Euler
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equation yields

mt = 1 − β.

Then capital stock evolves according to

Kr,t+1 = β

[
Rr,t

Pr,t
+ 1 − δ

]
Kr,t. (B.4)

The demand for sectoral good comprises the use of the good for consumption and for investment:

XK
rst =

γs

Prs
Rr,tKr,t. (B.5)

B.1.3 Factor demands

We now derive the factor demands implied by the production functions. The price Py
rst of region

r’s variety in sector s is:

Py
rst =

[
Rαs

rt W1−αs
rst

]κs
[
Πs′P

γs′s
rs′t

]1−κs
. (B.6)

Sector s’s labor, capital, and intermediate input demands satisfy

WrstLrst = κs [1 − αs] Py
rstYrst, (B.7)

RrtKrst = κsαsPy
rstYrst, (B.8)

and
Prst′ Mrs′st = [1 − κs] γs′sPy

rstYrst. (B.9)

The demand for occupation o in each in each sector-region is

Lrsot = ϕ̄rso

[
Wrot

Wrst

]−η

Lrst, (B.10)

where the ideal price for sector s labor bundle in region r is:

Wrst =

[
∑

o
ϕ̄rsoW1−η

rot

] 1
1−η

. (B.11)

The demands by occupation o in region r for natives and foreign immigrants are given by

LN
rot = λ̄ro

[
WN

rot
Wrot

]−ϵ

Lrot, (B.12)

and

LF
rot =

[
1 − λ̄ro

] [WF
rot

Wrot

]−ϵ

Lrot. (B.13)

54



Here WN
rot and WF

rot are the prices of the native and foreign labor bundles and the occupation o
ideal wage index in region r is:

Wrot =

[
λ̄N

ro

[
WN

rot

]1−ϵ
+

[
1 − λ̄N

ro

] [
WF

rot

]1−ϵ
] 1

1−ϵ

. (B.14)

Finally, the demands for authorized and unauthorized workers in occupation o and region r are

LA
rot = µ̄ro

[
WA

rot

WF
rot

]−σ

LF
rot, (B.15)

and

LU
rot = [1 − µ̄ro]

[
WU

rot

WF
rot

]−σ

LF
rot. (B.16)

Here

WF
rot =

[
λ̄A

ro

[
WA

rot

]1−σ
+ λ̄U

ro

[
WU

rot

]1−σ
] 1

1−σ

(B.17)

is the ideal wage index of foreign-born labor in occupation o and region r.

Goods demands The demand by region r for region r′ variety in sector s is

Yr′rst = ϖ̄r′rs

[
Py

r′st
Prst

]−χ

Xrst, (B.18)

wherePrst is the price of sector s bundle in region r:

Prst =

[
∑
r′

ϖ̄r′rs
[
Py

r′st

]1−χ

] 1
1−χ

. (B.19)

Equilibrium: An equilibrium is a set of prices and quantities {Prt}∀r,t ,
{
Υi

rt, πi
M,rt, W i

rt, πi
rt

}
∀r,i,t

,{
Ci

rst
}
∀rs,i,t, {Wrot, Lrot}∀ro,t,

{
LN

rot, LA
rot, LU

rot
}
∀ro,t,

{
W i

rot, πi
rot
}
∀ro,t,

{
LF

rot, WF
rot
}
∀ro,t,

{
Yrst, Lrst, Krst, XK

rst,
}
∀rs,t ,{

Prst, Py
rst, Wrst

}
∀rs,t , {Xrst}∀rs,t , {Mrss′t}∀rss′,t, {Yr′rst}∀r′rs,t, {Lrsot}∀rso,t and

{
Rrt, Irt, CK

rt
}
∀r,t such

that (i) consumers maximize utility; (ii) producers minimize costs; and (iii) all markets clear. The
equilibrium allocation satisfies equations (5)-(11) and (B.1)-(B.19).
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B.2 Proofs

B.2.1 Proof of Proposition 1

Relative wages We first characterize all the changes in relative wages as a function of the relative
labor supplies of natives vs immigrants. We omit time subscripts in this section to simplify the
exposition. We can write the change in labor in occupation o as:

lro = ∑
s

Lrso

Lro
lrso = ∑

s

ϕrsosrs

∑s′ ϕrs′osrs′
lrso.

Which in combination with the log linear version of (B.10) implies

lro = −ηwro + ∑
s

ϕrsosrs

∑s′ ϕrs′osrs′
[ηwrs + lrs] . (B.20)

Log differentiating (B.7), and under the assumptions that γss′ = γs and sG
rs = 0; we can write

wrs + lrs = rr + krs = py
rs + yrs = prs + xrs = pr + xr, (B.21)

with PrXr ≡ ∑s PrsXrs. Here the first two equalities follows from the Cobb-Douglas assumption
in the production function, the second follows from assuming no trade, and the last one follows
from the Cobb-Douglas assumption in the production of the absorption aggregates.

We define the average wage in region r as:

wr ≡ ∑
i

λi
rwi

r = ∑
s

srswrs = ∑
o

srowro, (B.22)

where λi
r ≡

W i
r Li

r
∑i W i

r Li
r
, srs ≡ Wrs Lrs

∑s Wrs Lrs
and sro ≡ Wro Lro

∑o Wro Lro
. We also define the regional labor supply as

lr ≡ ∑ λi
rli

r = ∑
s

srslrs = ∑
o

srolro. (B.23)

In combination with (B.20) this can be re-arranged as

lro = −η [wro − wr] + [η − 1]∑
s

ϕrsosrs

∑s′ ϕrs′osrs′
[wrs − wr] + [pr − wr] + xr.

With two occupations, we can rearrange this equation to write

lr2 − lr1

wr1 − wr2
= η [1 − ςr] + ςr ≡ η̄r, (B.24)

with weighting factor is given by ςr ≡ ∑s
[ϕrso1−sro1 ]

2
srs

sro1 [1−sro1 ]
. Log-differentiating equation (6) we obtain:

li
ro = li

r + θ
[
wi

ro − wi
r

]
,

where we defined

li
r ≡ hi +

[
νπi

M,r +
[
1 − πi

M,r

]
ψ
] [

wi
r − pr

]
− ν

[
wi − pi

]
, (B.25)
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wi ≡ ∑R−1
r′=1 πi

rπi
M,rwi

r and pi ≡ ∑R−1
r′=1 πi

rπi
M,r pr. Pre-multiplying by λi

ro ≡ W i
ro Li

ro
Wro Lro

and summing
across i′s we obtain:

lro = ∑
i

λi
roli

r + θ [wro − w̄ro] , (B.26)

where w̄ro ≡ ∑i λi
rowi

r. Equation (B.22) can be written as:

wN
r − wr =

[
1 − λN

r

] [
wN

r − wF
r

]
,

which implies

w̄ro − wr =
λN

ro − λN
r

1 − λN
r

[
wN

r − wr

]
. (B.27)

Plugging (B.23), (B.26) and (B.27) into (B.24) yields

wro − wr =
λN

ro − λN
r

θ + η̄r

[[
lU
r − lN

r

]
+

θ

1 − λN
r

[
wN

r − wr

]]
. (B.28)

Log-differentiating equation (B.12) and (B.13) yields:

lN
ro − lF

ro = −ϵ
[
wN

ro − wU
ro

]
.

In combination with (B.26) yields

[θ + ϵ]
[
wN

ro − wU
ro

]
= lU

r − lN
r + θ

[
wN

r − wU
r

]
.

Using wN
ro − wro =

[
1 − λN

ro
] [

wN
ro − wU

ro
]

we obtain:

[θ + ϵ]
[
wN

ro − wro

]
=

[
1 − λN

ro

] [
lU
r − lN

r

]
+

[
1 − λN

ro

]
θ
[
wN

r − wU
r

]
.

Pre-multiplying by πN
ro and adding across occupations yields

wN
r − ∑

o
πN

rowro =
ωr

θ + ϵ

[
1 − λN

r

] [[
lU
r − lN

r

]
+ θ

[
wN

r − wU
r

]]
,

where ωr ≡ 1−∑o πN
ro λN

ro
1−λN

r
. Pre-multiplying (B.28) by πN

ro and adding across occupations yields

∑
o

πN
rowro − wr =

1 − ωr

θ + η̄r

[[
1 − λN

r

] [
lU
r − lN

r

]
+ θ

[
wN

r − wr

]]
.

Equating these formulas yields

wN
r − wr = ξrλU

r

[
lU
r − lN

r

]
. (B.29)
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with

ξr ≡
θ + υr

θµr + ϵη̄r
≥ 0.

where vr ≡ ωrϵ + [1 − ωr] η̄r and µr ≡ [1 − ωr]ωr + ϵη̄r. The derivation of wU
r − wr is very similar.

Then, substituting in (B.28) and adding across occupations within sector we get

wro − wr = ξs
r

[
λN

ro − λN
r

] [
lU
r − lN

r

]
, (B.30)

and

wrs − wr = ξs
r

[
λN

rs − λN
r

] [
lU
r − lN

r

]
, (B.31)

with

ξs
r =

θ + ϵ

θµr + ϵη̄r
.

Finally, we compute the remaining occupation level real wages, subtracting (B.29) from (B.30) we
obtain,

wN
ro − wro =

θ + η̄r

θµr + ϵη̄r

[
1 − λN

ro

] [
lU
r − lN

r

]
.

Similarly,

wU
ro − wro =

− [η̄ + θ] λN
ro

θµr + ϵη̄r

[
lU
r − lN

r

]
.

We can then obtain

wN
ro − wr =

θ + υN
ro

θµr + ϵη̄r
λU

r

[
lU
r − lN

r

]
.

and

wU
ro − wr =− θ + υU

ro
θµr + ϵη̄r

λN
r

[
lU
r − lN

r

]
.

with υi
o =

[
1 − ωi

ro
]

ϵ + ωi
roη̄r and ωi

ro ≡
1−λi

ro
1−λi

r
.

Relative prices We now compute the changes in relative sectorial prices. Let

py
r ≡ ∑

s
sy

rs py
rs, (B.32)
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denote the change in the producer price index in region r, where sy
rs ≡ Py

rsYrs

∑s Py
rsYrs

is the share of sector
s in regional output. Log differentiating equation (B.6) yields:

py
rs = κsαsrr + κs [1 − αs]wrs + [1 − κs]∑

s′
γs′ prs′ .

From equation (B.32) we obtain

py
r = ∑

s
sy

rsκsαsrr + ∑
s

sy
rsκs [1 − αs]wrs + ∑

s
sy

rs [1 − κs]∑
s′

γs′ prs′ .

Assuming there is not trade, we have py
rs = prs, γs′ = sy

rs, and py
r = pr. Then

py
rs − pr = κsαs [rr − pr] + κs [1 − αs] [wrs − pr] ,

and

py
r − pr = κrαr [rr − pr] + ∑

s
sy

rsκs [1 − αs] [wrs − pr] .

Here αr ≡ ∑s RrKrs
∑s Wrs LrsKrs+∑s RrKrs

, and κr ≡ ∑s Wrs LrsKrs+∑s RrKrs

∑s Py
rsYrs

. Note that

∑
s

sy
rsκs [1 − αs] [wrs − pr] = κr [1 − αr] [wr − pr] ,

With no trade, we have py
r = pr, so

[rr − pr] = −1 − αr

αr
[wr − pr] . (B.33)

Substituting back we obtain

py
rs − pr = κs

[
[1 − αs] [wrs − wr] +

αr − αs

αr
[wr − pr]

]
,

which in combination with equation (B.31) gives (15).

Real wages We now solve for the evolution of real wages wrt − prt. Note that from the FOC’s we
obtain

αsWrsLrs = [1 − αs] RrKrs.

Adding across sectors and log differentiating yields

rr + kr = ∑
s′

αs
1−αs

WrsLrs

∑s′
αs′

1−αs
Wrs′ Lrs′

[wrs + lrs] = pr + xr,

where the last equality follows from equation (B.21). Similarly we can obtain

wr + lr = ∑
s′

1−αs
αs

RrKrs

∑s′
1−αs′

α′s
RrKrs′

[rr + krs] = pr + xr,
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then

rr + kr = wr + lr.

Using (B.33) this can be rearranged as

wrt − prt = αr [krt − lrt] . (B.34)

We now follow reintroduce the subindices t to characterize the evolution of the capital stock. Log
differentiating (B.4) and using (B.33) we obtain

krt − krt−1 =− 1 − αr

αr
[1 − β [1 − δ]] [wrt−1 − prt−1] . (B.35)

Substituting (B.34) and rearranging we get

krt − lrt =b [krt−1 − lrt−1]− [lrt − lrt−1] ,

with b ≡ αr + [1 − αr] β [1 − δ] < 1. We can write this as

krt − lrt =−
t−1

∑
τ=0

bτ [lr,t−τ − lr,t−1−τ] .

Finally, using equation (B.34) yields

wrt − prt = −αr

t−1

∑
τ=0

bτ [lr,t−τ − lr,t−1−τ]

which in combination with (B.34) gives equation (12). ■

B.2.2 Proof of Proposition 2

No migration We first solve for the evolution of the relative supplies in the short run or when
ν = 0. In that case, (B.25) implies

lU
rt−lN

rt =
[

hU
t − hN

t

]
+ [1 − πM,r]ψ

[
wU

rt − wN
rt

]
.

Note that in combination with equation (B.29) this yields

lU
rt − lN

rt =
1

1 + [1 − πM,r]ψξr

[
hU

t − hN
t

]
.

From (B.25) and the fact that lrt = λU
r lU

rt + λN
r lN

rt it follows that

lrt = λU
r hU

t + πH,rψ [wrt − prt] .

The long run We omit the “∞” time subscripts to streamline notation. From equation (B.25) we
obtain

lU
r −lN

r =
[

hU − hN
]
+ [νπM,r + [1 − πM,r]ψ]

[
wU

r − wN
r

]
− ν

[[
wU − wN

]
−

[
pU − pN

]]
,
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Substituting equation (B.29) we obtain

lU
r − lN

r =
1

1 + [1 − πM,r]ψξr + πM,rνξr

[[
hU − hN

]
− ν

[[
wU − wN

]
−

[
pU − pN

]]]
. (B.36)

Plugging the definitions of
[
wU − wN] and

[
pU − pN] we obtain

wi − pi =
R−1

∑
r=1

πi
rπM,r

[
wi

r − wr

]
+

R−1

∑
r=1

πi
rπM,r [wr − pr] .

Substituting equation (B.29)

R−1

∑
r=1

πN
r πM,r

[
wN

r − wr

]
=

R−1

∑
r=1

πN
r πM,rξr

[
1 − λN

r

] [
lU
r − lN

r

]
R−1

∑
r=1

πU
r πM,r

[
wU

r − wr

]
= −

R−1

∑
r=1

πU
r πM,rξrλN

r

[
lU
r − lN

r

]
.

Then [
wU − wN

]
−

[
pU − pN

]
= −

R−1

∑
r=1

πrπM,rξr

[
lU
r − lN

r

]
+

R−1

∑
r=1

[
πU

r − πN
r

]
πM,r [wr − pr] ,

with πr ≡
[
πN

r
[
1 − λN

r
]
+ πU

r λN
r
]

. In steady state, krt = krt−1, so equation (B.35) implies wrt = prt.
Then, substituting this and equation (B.36) yields[

wU − wN
]
−

[
pU − pN

]
= − ξ̄

1 − νξ̄

[
hU − hN

]
.

with

ξ̄ ≡
R−1

∑
r′=1

πr
πM,rξr

1 + [1 − πM,r]ψξr + πM,rνξr

1 − νξ̄ =1 −
R−1

∑
r′=1

πr +
R−1

∑
r′=1

πr

[
1 + [1 − πM,r]ψξr

1 + [1 − πM,r]ψξr + πM,rνξr

]
Finally substituting into (B.36) yields

lU
r − lN

r = [1 + [1 − πM,r]ψξr + πM,rνξr]
−1 [1 − νξ̄

]−1
[

hU − hN
]

=

[
1 + [1 − πM,r]ψξr + ν

[
πM,rξr −

R−1

∑
r′=1

πrr′πM,r′ξr′

]]−1 [
hU − hN

]
,

where πrr′ ≡ πr′
[1+[1−πM,r ]ψξr+πM,rνξr ]

1+[1−πM,r′ ]ψξr′+πM,r′νξr′
.

In a special case where ξr = ξ and πM,r = πM we obtain

1 − νξ̄ =1 − πMνξ

1 + [1 − πM]ψξ + πMνξ

R−1

∑
r′=1

πr,
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and

lU
r − lN

r =
1

1 + [1 − πM,]ψξ + πMνξ
[
1 − ∑R−1

r′=1 πr

] [
hU − hN

]
.

Finally, note that [
1 −

R−1

∑
r′=1

πr

]
= 1 −

R−1

∑
r′=1

[
πN

r

[
1 − λN

r

]
+ πU

r λN
r

]
=

R−1

∑
r′=1

[
πN

r − πU
r

]
λN

r ≥ 0.

■

B.2.3 Lemmas

We now state and prove two lemmas that are useful for signing some of the objects in Propositions
1 and 2.

Lemma 1 : ωr < 1.

Proof of Lemma 1 Showing that ωr ≤ 1 is equivalent showing that ∑o πN
roλN

ro ≥ λN
r or

∑
o

[
πN

ro − sro

]
λN

ro ≥ 0.

Multiplying by WN
r LN

r
Wr Lr

, noting that WN
r LN

r = ∑o WN
ro LN

ro and using the definitions of πN
ro ≡ WN

ro LN
ro

WN
r LN

r
,

and sro ≡ Wro Lro
Wr Lr

and λN
ro ≡

WN
ro LN

ro
Wro Lro

this can be written as

∑
o

[
πN

ro − sro

]
λN

ro = ∑
o

1
WrLr

WN
ro LN

roWN
ro LN

ro
WroLro

− ∑o WN
ro LN

ro ∑o WN
ro LN

ro

[WrLr]
2

We will show that this is the weighted variance of WN
ro LN

ro
Wro Lro

across occupations. To simplify notation,

define xo ≡ WN
ro LN

ro
Wro Lro

and ωo ≡ Wro Lro
Wr Lr

. We can rewrite the expression as

∑
o

ωox2
o −

[
∑

o
ωoxo

] [
∑

o
ωoxo

]
≥ 0.
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This can also be written as

∑
o

ωox2
o −

[
∑

o
ωoxo

]2

=∑
o

ωox2
o +

[
∑

o
ωoxo

]2

− 2

[
∑

o
ωoxo

]2

=∑
o

ωo

x2
o +

[
∑
o′

ωo′xo′

]2

− 2xo

[
∑
o′

ωo′xo′

]
=∑

o
ωo

[
xo − ∑

o′
ωo′xo′

]2

which must be positive since it is the sum of positive terms.■

Lemma 2 : ξrl > 0.

Proof of Lemma 2 We need to prove that

ξrl =

[
1 + [1 − πM,r]ψξr + ν

[
πM,rξr −

R−1

∑
r′=1

πrr′πM,r′ξr′

]]−1

> 0

where πrr′ ≡ πr′
1+[1−πM,r ]ψξr+πM,rνξr

1+[1−πM,r′ ]ψξr′+πM,r′νξr′
and πr ≡

[
πN

r
[
1 − λN

r
]
+ πU

r λN
r
]
. We start by writing the

term in the bracket as

ξ−1
rl =1 + [1 − πM,r]ψξr + νπM,rξr −

R−1

∑
r′=1

πr′
1 + [1 − πM,r]ψξr + πM,rνξr

1 + [1 − πM,r′ ]ψξr′ + πM,r′νξr′
πM,r′ξr′

= [1 + [1 − πM,r]ψξr + νπM,rξr]

[
1 −

R−1

∑
r′=1

πr′
πM,r′ξr′

1 + [1 − πM,r′ ]ψξr′ + πM,r′νξr′

]
,

Note that [1 − πM,r]ψξr + νπM,rξr > 0, so that [1 + [1 − πM,r]ψξr + νπM,rξr] > 1. Hence, the first
bracket is positive, and the last term second bracket satisfies

R−1

∑
r′=1

πr′
πM,r′ξr′

1 + [1 − πM,r′ ]ψξr′ + πM,r′νξr′
<

R−1

∑
r′=1

πr′ ,

so that

1 −
R−1

∑
r′=1

πr′
πM,r′ξr′

1 + [1 − πM,r′ ]ψξr′ + πM,r′νξr′
> 1 −

R−1

∑
r′=1

πr′ .
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We will now show that 1 − ∑R−1
r′=1 πr′ > 0. substituting for πr′ we obtain

1 −
R−1

∑
r′=1

πr′ =1 −
R−1

∑
r′=1

[
πN

r′

[
1 − λN

r′

]
+ πU

r′ λ
N
r′

]
.

=1 −
R−1

∑
r′=1

πN
r′ +

R−1

∑
r′=1

πN
r′ λN

r′ −
R−1

∑
r′=1

πU
r′

[
1 − λU

r′

]
=

R−1

∑
r′=1

πN
r′ λN

r′ +
R−1

∑
r′=1

πU
r′ λ

U
r′ − 1.

Finally, note that

R−1

∑
r′=1

πN
r′ λN

r′ +
R−1

∑
r′=1

πU
r′ λ

U
r′ =

R−1

∑
r′=1

WN
r′ LN

r′

∑r WN
r LN

r

WN
r′ LN

r′

WN
r′ LN

r′ + WU
r′ LU

r′
+

R−1

∑
r′=1

WU
r′ LU

r′

∑r WU
r LU

r

WU
r′ LU

r′

WN
r′ LN

r′ + WU
r′ LU

r′
.

The first term satisfies21

R−1

∑
r′=1

WN
r′ LN

r′

∑r WN
r LN

r

WN
r′ LN

r′

WN
r′ LN

r′ + WU
r′ LU

r′
=

[
R−1

∑
r′=1

[
WN

r′ LN
r′
]2[

WN
r′ LN

r′ + WU
r′ LU

r′
]2

WN
r′ LN

r′ + WU
r′ LU

r′

∑r WN
r LN

r + WU
r LU

r

]
∑r WN

r LN
r + WU

r LU
r

∑r WN
r LN

r

≥ ∑R−1
r′=1 WN

r′ LN
r′

∑r WN
r LN

r + WU
r LU

r

∑R−1
r′=1 WN

r′ LN
r′

∑r WN
r LN

r + WU
r LU

r

∑r WN
r LN

r + WU
r LU

r

∑r WN
r LN

r
=

∑R−1
r′=1 WN

r′ LN
r′

∑r′ WN
r′ LN

r′ + WU
r′ LU

r′
.

Similarly, the second term satisfies

R−1

∑
r′=1

WU
r′ LU

r′

∑r WU
r LU

r

WU
r′ LU

r′

WN
r′ LN

r′ + WU
r′ LU

r′
≥ ∑R−1

r′=1 WU
r′ LU

r′

∑r′ WN
r′ LN

r′ + WU
r′ LU

r′
.

Putting these two statements together we obtain

R−1

∑
r′=1

πN
r′ λN

r′ +
R−1

∑
r′=1

πU
r′ λ

U
r′ ≥

∑R−1
r′=1 WN

r′ LN
r′

∑r′ WN
r′ LN

r′ + WU
r′ LU

r′
+

∑R−1
r′=1 WU

r′ LU
r′

∑r′ WN
r′ LN

r′ + WU
r′ LU

r′
= 1,

which concludes the proof.■

21To see this, define xr′ ≡
WN

r′ LN
r′

WN
r′ LN

r′+WU
r′ LU

r′
and ωr′ ≡

WN
r′ LN

r′+WU
r′ LU

r′
∑r WN

r LN
r +WU

r LU
r

, and note that ∑r′ ωr′ x2
r′ − [∑r′ ωr′ xr′ ] [∑r′ ωr′ xr′ ] ≥ 0

is the formula for a weighted variance.
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C Quantification

C.1 Formulation in changes

Following the standard approach of Dekle, Eaton, and Kortum (2008) we express the model in
gross proportional changes. For any variable x, let x̂t ≡ xt

x0
denote the cumulative change between

period t and the initial equilibrium. We can then write the equations in changes as follows.
Regional prices:

P̂rt =∏
s

P̂γs
rst. (C.1)

Regional population shares for each type i and r ∈ R− 1:

π̂i
rt =

[
Υ̂i

rt
]ν

∑r′∈R−1 πi
r
[
Υ̂i

rt
]ν . (C.2)

Share of market workers for r ∈ R− 1:

π̂i
M,rt =

[
Ŵ i

rt
P̂rt

]ψ

πi
M,r

[
Ŵ i

rt
P̂rt

]ψ
+ 1 − πi

M,r

. (C.3)

Expected consumption value of living in region r:

[
Υ̂i

rt

]ψ
= πi

M,r

[
Ŵ i

rt

P̂rt

]ψ

+ 1 − πi
M,r. (C.4)

Occupation shares, regional wage changes, and labor supplies are:

π̂i
rot =

[
Ŵ i

rot

]θ+1

∑o′ πi
ro′

[
Ŵ i

ro′t

]θ+1 (C.5)

[Ŵ i
rt]

1+θ
=∑

o
πi

ro

[
Ŵ i

rot

]θ+1
(C.6)

L̂i
rot = Ĥt

i
π̂i

rt π̂i
M,rt

ˆZi
rot

[
π̂i

rot

] θ
1+θ

. (C.7)

Consumption by type i households of sectoral good s is

P̂rstĈi
rst = Ĥi

tπ̂
i
rtπ̂

i
M,rtŴ

i
rt. (C.8)

Labor, capital, and intermediate demands are

Ŵrst L̂rst = P̂y
rstŶrst. (C.9)
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R̂rtK̂rst = P̂y
rstŶrst. (C.10)

P̂rs′t M̂rs′st = P̂y
rstŶrst. (C.11)

Unit cost of variety from region r:

P̂y
rst =

[
R̂αs

rt Ŵ1−αs
rst

]κs
[
Πs′ P̂

γs′s
rs′t

]1−κs
, (C.12)

where the change in the cost of sector s labor bundle in region r is

Ŵrst =

[
∑

o
ϕrso

[
Ŵrot

]1−η

] 1
1−η

, (C.13)

with ϕrso ≡ Wro Lrso
Wrs Lrs

. The demand for labor of each occupation in each sector-region is:

L̂rsot =

[
Ŵrot

Ŵrst

]−η

L̂rst. (C.14)

Demands for native and foreign-born labor in occupation o in region r are:

L̂N
rot =

[
ŴN

ro

Ŵrot

]−ϵ

L̂rot, (C.15)

L̂F
rot =

[
ŴF

rot

Ŵrot

]−ϵ

L̂rot, (C.16)

where the cost of labor bundle in occupation o index in region r:

Ŵrot =

[
λN

ro

[
ŴN

rot

]1−ϵ
+

[
1 − λN

ro

] [
ŴF

rot

]1−ϵ
] 1

1−ϵ

, (C.17)

with λi
ro ≡

W i
ro Li

ro
Wro Lro

. Demands for authorized and unauthorized workers are

L̂A
rot =

[
ŴA

rot

ŴF
rot

]−σ

L̂F
rot, (C.18)

L̂U
rot =

[
ŴU

rot

ŴF
rot

]−σ

L̂F
rot, (C.19)

where

ŴF
rot =

[
λA

ro
λA

ro + λU
ro

[
ŴA

rot

]1−σ
+

λU
ro

λA
ro + λU

ro

[
ŴU

rot

]1−σ
] 1

1−σ

. (C.20)

66



Demand by region r for region r′ variety in sector s

Ŷr′rst =

[
P̂y

r′st

P̂rst

]−χ

X̂rst, (C.21)

where the price change of sector s bundle in region r is

P̂rst =

[
∑
r′

ϖr′rs
[
P̂y

r′st

]1−χ

] 1
1−χ

, (C.22)

with ϖr′rs ≡
Py

r′sYr′rs
PrsXrs

.
Market clearing for the labor bundle in occupation o:

L̂rot = ∑
s

ϕrsosrs

∑s′ ϕrs′osrs′
L̂rsot, (C.23)

with srs ≡ Wrs Lrs
∑s′ Wrs′ Lrs′

. Market clearing for goods:

Ŷrst = ∑
r′

ϖx
rr′stŶrr′st, (C.24)

where ϖx
rr′s ≡ Py

rsYrr′s
Py

rsYrs
is the share of exports to r′ in total production of region r, sector s. Market

clearing for capital implies

K̂rt = ∑
s

Krs

Kr
K̂rst. (C.25)

Change in absorption

P̂rstX̂rst =
[
1 − sG

rs

] [
sL

rs ∑
i

λi
r P̂rtĈi

rt + sK
rsR̂r,tK̂r,t + ∑

s′
sM

rss′ P̂
y′

rs′tŶst

]
+ P̂rstĜrstsG

rs, (C.26)

with

sG
rs ≡ PrsGrs

PrsXrs

sL
rs ≡

γs ∑s′ κs′ [1 − αs′ ] sy
rs′

γs ∑s′ κs′s
y
rs′ + ∑s′ [1 − κs′ ] γss′s

y
rs′

(C.27)

sK
rs ≡

γs ∑s′ κs′αs′s
y
rs′

γs ∑s′ κs′s
y
rs′ + ∑s′ [1 − κs′ ] γss′s

y
rs′

(C.28)

sM
rss′ ≡

[1 − κs′ ] γss′s
y
rs′

γs ∑s′ κs′s
y
rs′ + ∑s′ [1 − κs′ ] γss′s

y
rs′

. (C.29)

The capital stock evolves according to

K̂r,t+1 = β

[
R̂r,t

P̂r,t

[
Rr,0

Pr,0

]
+ 1 − δ

]
K̂r,t,
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where Rr,0
Pr,0

is pinned down by our assumption that the economy starts in steady state:

Rr,0

Pr,0
=

1
β
− (1 − δ) .

For R, πR = 1 and πM,R = 1, so π̂R and π̂M,R will trivially update to 1, and
[
Υ̂Rt

]ψ
=

[
Ŵk

Rt
P̂Rt

]ψ

,
but this update is inconsequential for R as households make no migration decisions. Note that
expression (C.7) covers R, because for this region π̂i

R = 1 and π̂i
M,R = 1, and (C.8) covers R. For

R, there is only L̂rot and Ŵrot, and expressions for Ŵ i
rot are unnecessary.

These equations, given the initial condition K̂r,1 = 1, can be solved numerically following a set
of shocks to the population of foreign-born Ĥi

t using the algorithm described next.

C.2 Iteration algorithm

We solve the system of equations for any t given Krt in all regions and the sequence Ĥi
t, given

π̂i
rt =

πi
rt

πi
r0

. We start from t = 1 and move forward.

i. For t = 1, set K̂r1 = 1 and π̂i
rt−1 = 1. For t > 1 set

Rr,0

Pr,0
=

1
β
− 1 + δ.

and

K̂r,t = β

[
R̂r,t−1

P̂r,t−1

[
Rr,0

Pr,0

]
+ 1 − δ

]
K̂r,t−1.

ii. Guess occupation-group-specific wage changes
{

Ŵ i
rot
}i∈{N,A,U}

ro and rates of return
{

R̂rt
}

r.

iii. Compute wages and wage aggregates

ŴF
rot =

[
µro

[
ŴA

rot

]1−σ
+ [1 − µro]

[
ŴU

rot

]1−σ
] 1

1−σ

Ŵrot =

[
λro

[
ŴD

rot

]1−ϵ
+ [1 − λro]

[
ŴF

rot

]1−ϵ
] 1

1−ϵ

Ŵrst =

[
∑

o
ϕrso

[
Ŵrot

]1−η

] 1
1−η

[Ŵk
rt]

1+θ
= ∑

o
πk

ro

[
Ŵk

rot

]θ+1
.
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iv. Using the guess for
{

Ŵrst
}

rs and
{

R̂rt
}

rs solve the system

P̂y
rst = Ŵ [1−αs]κs

rst R̂αsκs
rt P̂1κs

Msrt

P̂1−χ
rst =

[
∑
r′

ϖr′rs′
[
P̂y

r′s′t

]1−χ

]
P̂rt = ∏

s′
P̂γs′

rs′t

P̂Msrt = ∏
s′

P̂γs′s
rst .

Compute P̂rt and ϖ̂rr′s′t =
[P̂y

rst]
1−χ

P̂1−χ

r′s′ t
.

v. Compute changes in worker shares, labor supplies and consumption

[
Υ̂i

rt

]ψ
= πi

M,r

[
Ŵ i

rt

P̂rt

]ψ

+ 1 − πi
M,r

π̂i
M,rt =

[
Ŵ i

rt
P̂rt

]ψ

[
Υ̂i

rt
]ψ

π̂i
rt−1 =

[
Υ̂i

rt
]ν

∑r′∈R−1 πi
r
[
Υ̂i

rt
]ν

π̂i
rot =

[
Ŵ i

rot

]θ+1

[
Ŵ i

rt

]θ+1 .

ROW can be anything at this point. The change in consumption in US regions is

P̂rtĈrt = Ĥi
UStπ̂

i
rt−1π̂i

M,rtŴ
i
rt.

The change in ROW consumption is

P̂RtĈi
Rt = Ĥi

RtŴ
i
Rt.

The change in total consumption by workers is

P̂rtĈrt = ∑
i

λi
r P̂rtĈi

rt.

The change in the labor supplies in US is

L̂i
rot = Ĥi

USπ̂i
rt−1 π̂i

M,rt

[
π̂i

rot

] θ
1+θ

.

The change in the labor supplies in ROW is

L̂i
Rot = Ĥi

Rt

[
π̂i
Rot

] θ
1+θ

.
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vi. Solve the system

P̂y
rs′tŶrs′t = ∑

r′
ϖx

rr′s′ ϖ̂rr′s′t P̂r′s′tX̂r′s′t

R̂r,tK̂r,t = ∑
s

κsαssy
rs

∑s′ κsαs′ s
y
rs′

P̂y
rstŶrst

P̂rstX̂rst =
[
1 − sG

rs

] [
sL

rs ∑
i

λi
r P̂rtĈi

rt + sK
rsR̂r,tK̂r,t + ∑

s′
sM

rss′ P̂
y′

rs′tŶst

]
+ P̂rstĜrstsG

rs.

vii. Compute labor demands and update guess

L̂rst =
P̂y

rstŶrst

Ŵrst

L̂rsot =

[
Ŵrot

Ŵrst

]−η

L̂rst

L̂rot = ∑
s

ϕrsosrs

∑s′ ϕrs′osrs′
L̂rsot.

viii. Set new guesses:

ŴN
rot = Ŵrot

[
L̂N

rot

L̂rot

]− 1
ϵ

ŴA
rot = ŴF

rot

[
L̂A

rot

L̂rot

[
ŴF

rot

Ŵrot

]ϵ]− 1
σ

ŴU
rot = ŴF

rot

[
L̂U

rot

L̂rot

[
ŴF

rot

Ŵrot

]ϵ]− 1
σ

and

R̂rt =
R̂r,tK̂r,t

K̂r,t
.

ix. Repeat steps 2-8 to convergence.

x. Move to t + 1 by going back to step 1.
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C.3 Additional results

Figure A1: Changes in real wages across occupations, the short run
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50% reduction in unauthorized workers nationally. The left panels plot the nationwide changes, and the right panels
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sorted by the initial share of foreign unauthorized.
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Figure A2: Sectoral expenditure shares by income percentile

Notes: This figure plots the expenditure shares on the different sectors by 5% income bins (1-20).
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Figure A3: Sensitivity: χ = 7

Panel A: Real wages, natives
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Notes: This figure plots wages and prices following a 50% reduction in unauthorized workers nationally, under a higher
trade elasticity (χ = 7). Panel A plots native regional wages. Panel B plots native wages by occupation in the long run.
Panel C plots the consumer prices.
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