|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Journal of Agricultural and Resource Economics 45(1):161-178 ISSN: 1068-5502 (Print); 2327-8285 (Online)
Copyright 2020 the authors doi: 10.22004/ag.econ.298440

Implications of U.S. Immigration Policies
for North American Economies

Stephen Devadoss, Xin Zhao, and Jeff Luckstead

We develop a four-sector (labor-intensive agriculture, capital-intensive agriculture, service &
construction, and manufacturing) general-equilibrium model of North American countries to
analyze the effects of tighter U.S. immigration policies. Results show that these policies erode the
comparative advantage of U.S. labor-intensive agriculture, causing U.S. production and exports
to fall and other countries to expand their exports to the United States. In Mexico, low-skilled
labor demand in labor-intensive agriculture increases as production rises. The effectiveness of
U.S. tighter immigration policies depends on the substitutability between U.S. domestic and
undocumented workers. Immigration policies exacerbate the wedge between Mexican low-skilled
wage rate and the undocumented wage rate, intensifying the underlying cause for unauthorized
entry.

Key words: labor-intensive sectors, labor flow, trade

Introduction

In the 1960s, labor scarcity arising from the culmination of the bracero program, established
migration routes, and high U.S. wages incentivized unauthorized migrants from Mexico to cross the
border and seek employment in the United States. By the early 1980s, the number of undocumented
migrants working in many U.S. sectors reached over 2 million (Passel, 1986). To assimilate these
workers into the U.S. economy, the 1986 Immigration Reform and Control Act provided amnesty
to unauthorized workers in the United States (Gunter, Jarrett, and Duffield, 1992). However, the
amnesty provision of this law did not reduce unauthorized entry into the United States, because new
migrants were hopeful of being granted citizenship (Orrenius and Zavodny, 2003). After September
11, 2001, the United States enforced tighter border security following the enactment of the Patriot
Act. However, because of the large disparity in wages between Mexico and the United States, illegal
border crossing continued to accelerate, and the number of undocumented workers in the United
States peaked at 12 million in 2007 (Martin, 2005; Martin and Ziircher, 2008; Passel and Cohn,
2011; Luckstead, Devadoss, and Rodriguez, 2012). Most of these undocumented migrants are low-
skilled workers and seek employment in labor-intensive sectors of the U.S. economy, including fruit
and vegetable production, service, and construction (Boucher and Taylor, 2007; Taylor et al., 2012;
Devadoss and Luckstead, 2008).

Migration intensified until the mid-2000s, then slowed and reversed because of the Great
Recession and the resulting weaker U.S. job market, tighter border surveillance, heightened
domestic enforcement, decline in Mexican birth rates, and improved economic conditions in Mexico
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(Passel, Cohn, and Gonzalez-Barrera, 2012). As a result, net flows reached O around 2012.!
The downward trend in the number of undocumented workers continued through the Obama
administration (Horsley, 2016). The Pew Research Center (2019) estimates that 1.550 million
undocumented workers returned to Mexico between 2007 and 2016. The reverse migration further
deepened under the Trump administration due to stricter border control, greater deportation through
domestic enforcement (Dickerson, 2017), and continued improvement in economic conditions in
Mexico (Jordan, 2015). U.S. government expenditures on the the Customs and Border Patrol and
Immigration and Customs Enforcement agencies increased from $9.2 billion in 2003 to $28.1 billion
in 2018, in 2003 dollars (American Immigration Council, 2017). The Trump administration has
ratcheted up immigration enforcement to curb the unauthorized entry and to reduce the number of
undocumented workers. This study examines the impacts of stricter immigration policies on the
economies of North American countries by modeling key sectors and restrictive cross-border labor
mobility.

Lower birth rates, better opportunities for education (particularly in rural areas), and greater job
availability in nonfarm sectors in recent years have caused the rural farm labor supply in Mexico
to dwindle from 1980 to 2010 (Charlton and Taylor, 2016). Consequently, the United States and
Mexico are increasingly competing for this shrinking labor force, and U.S. growers continue to face
chronic labor shortfalls. With the U.S. economic recovery and accelerated hiring in many sectors,
the low-skilled labor shortage has become a serious problem,? partly because of the short supply of
Mexican workers (Jordan and Pérez, 2016). The tightening of labor markets has caused wages to rise,
particularly in the farm sector (Jordan, 2015). Because timely completion of farm operations, such
as harvesting, are critical, insufficient labor has caused substantial crop loss (Luckstead, Devadoss,
and Rodriguez, 2012).

A few studies have examined the implications of tougher immigration enforcement for the
U.S. farm sector. Boucher and Taylor (2007) concluded that stricter immigration policies may
limit the entry of undocumented workers into U.S. labor-intensive agricultural production but
keep the existing workers from returning to Mexico. Consequently, the net effect on the number
of undocumented workers is ambiguous. Devadoss and Luckstead (2008) found that, because
95% of farm-labor in the Californian labor-intensive agricultural sector are immigrants, one new
immigrant does not cause any precipitable decline in the domestic workforce or wage rate. Devadoss
and Luckstead’s (2011) partial-equilibrium analysis of immigration policies showed that stricter
domestic and border enforcement decreased unauthorized farm workers by 17,094 and reduced U.S.
farm exports to Mexico by $360 million. A computable general-equilibrium analysis by Zahniser
et al. (2012) found that a reduction in the number of unauthorized workers by 2.1 million decreased
the output in several labor-intensive agricultural sectors by 1.7%-3.5%. Kostandini, Mykerezi,
and Escalante (2014) used difference-in-difference econometric models to show that county-level
enforcement of 287(g) contracts (which allows local authorities to enforce federal immigration
law) reduced the undocumented population by more than the number of law-breaking immigrants.
Their results also indicated that counties that enforced 287(g) contracts experienced higher per-
worker costs and a reduction in farm income and vegetable acres relative to adjacent counties,
providing evidence of potential farm labor scarcity. Devadoss and Luckstead (2018) developed a
dynamic partial-equilibrium model of U.S. and Mexican labor markets to study the effects of stricter
immigration policies and the use of guest-worker program on undocumented workers and labor-
intensive U.S. agricultural production. Their findings indicated that the U.S. immigration policies,
aimed at curbing the inflow of migrants and deporting undocumented workers, intensified the acute

! Annual inflows of unauthorized immigrants from Mexico peaked at half a million in the late 1990s and early 2000s
and then started to decline, falling to 350,000 in the mid-2000s and again to 100,000 in 2014 (Jordan and Pérez, 2016).
Furthermore, apprehensions at the southern border declined to 310,531 in 2017, the lowest since 1971, an indication of fewer
migrants attempting to enter the United States (U.S. Customs and Border Protection, 2017).

2 As reported by Jordan and Pérez (2016), many sectors experienced labor scarcity: There were 700,000 vacancies in the
restaurant and accommodation sector in May 2015, and 86% of construction firms were not able to find workers for carpentry,
electrical work, and other operations in 2015.
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labor shortages, but the expanded use of the H-2A program helped to alleviate the labor shortfall.?
Furthermore, they observed that immigration policies cost substantially more than implementing the
guest-worker program.

The studies that use a partial-equilibrium model of the agricultural sector to analyze domestic
and border enforcement policies do not capture intersectoral impacts. With undocumented workers
heavily employed in the agricultural, service, and construction sectors and the highly integrated
U.S., Canadian, and Mexican economies, it is important to analyze the impacts of heightened
domestic and border enforcement on the North American countries using a general-equilibrium
framework. In contrast to previous general-equilibrium models, which examined the impacts of an
exogenous reduction of the undocumented workforce, we model the endogenous decisions of low-
skilled Mexican workers to work either in Mexico or in the United States as undocumented workers
or spend time in leisure.

This article develops a general-equilibrium model consisting of labor-intensive agricultural,
capital-intensive agricultural, service & construction, and manufacturing sectors of the North
American countries’ economies and the restrictive cross-border migration from Mexico to the United
States. Our primary research question is to analyze the impacts of the immigration policy changes
under the Trump administration on U.S. low-skilled labor markets, unauthorized entry, and the
number of undocumented workers. The analysis also provides insight into the impacts on production,
consumption, trade, and welfare. We draw policy implications from our findings.

Model

The model includes labor and commodity markets in the United States, Mexico, and Canada and
incorporates the rest of the world (ROW) to capture the economic interdependence between North
American countries and ROW through trade. With the North American economies having become
increasingly integrated over the last 3 decades through trade and labor markets, Mexican immigrants
have become an integral part of the U.S. workforce and are employed in many sectors.*:> To analyze
the impacts of immigration policy, we consider key U.S. sectors that heavily employ immigrant
labor and engage extensively in bilateral trade. Domestic low-skilled workers and immigrants are
imperfect substitutes in the production processes of these sectors, which include labor-intensive
agriculture,® capital-intensive agriculture, service & construction, and manufacturing. Each sector of
the model consists of consumption, production, and market clearing. Further, the model incorporates
restrictive cross-border labor mobility to capture the employment of undocumented workers in the
labor-intensive agricultural and service & construction sectors.

Given the complex and lengthy nature of this general-equilibrium model, we present the detailed
model structure and equations in the online supplement (available online at www.jareonline.org.
Here, we describe the key parts of the overall model and elaborate on the components of the
immigration and labor markets with equations.

3 For additional details related to policies and the increasing trend of H-2A guest workers, see Luckstead and Devadoss
(2019).

4 Several industries employ a significant number of immigrant workers, including private households (45%); textile,
apparel, leather manufacturing (36%); agriculture (33%); accommodation (32%); and food manufacturing (29%) (Desilver,
2017). Numbers in parentheses are the percentage of immigrant workers in the industry.

3 Jordan and Pérez (2016) report that 60% of the undocumented workforce is employed in the service, construction, and
production sectors, twice the share of U.S. natives. Because of the physically demanding nature of these jobs, most U.S.
workers are not willing to perform them.

6 Some agricultural segments, such as fruits and vegetables, employ relatively more labor than others, such as grain, row
crops, and livestock production. Consequently, we refer to the former group as the labor-intensive sector and the latter group
as the capital-intensive sector.
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Consumption

For North American countries, we consider two types of consumers: low-skilled and skilled
workers. For each group, a representative consumer maximizes utility governed by constant
elasticity of substitution (CES) preferences by choosing consumption of four sectoral goods (labor-
intensive agriculture, capital-intensive agriculture, manufacturing, and service & construction) and
leisure. The labor- and capital-intensive agricultural goods and manufacturing good are supplied
domestically and imported, whereas the service & construction good is supplied only by the
domestic market. We utilize the Armington assumption, implying that consumers differentiate goods
by country of origin (i.e., each sectoral good is a CES nest of imperfect substitute of domestically
produced and imported goods).

Skilled and low-skilled workers in the United States and Canada and skilled workers in Mexico
work in their respective countries. In contrast, Mexican low-skilled workers have the opportunity
to legally work in the United States through the guest-worker program or seek employment as
undocumented workers in the United States. The income of skilled and low-skilled workers in the
United States and Canada and skilled workers in Mexico consists of their share of profits from the
four sectors, capital earnings, labor income, and net transfers from the government. The budget
constraints of these groups of workers entail their income is spent on consumption of the four
sectoral goods and also covers the opportunity cost of leisure. The income source for low-skilled
Mexican workers includes their share of profits from the four production sectors in Mexico, earnings
from capital, government transfers, labor income from work in Mexico, undocumented-worker
earnings in the United States, and guest-worker earnings in the United States. The expenditures of
these consumers include spending on four sectoral consumption goods, migration costs incurred
for paying smugglers and forgone wages, and opportunity cost of leisure. Utility maximization
subject to the budget constraint yields demand functions for commodities and leisure. Labor supply
is derived from the identity that total time is allocated between leisure and work.

Production

In the three North American countries, the CES specifications of the production functions for the
four sectoral goods are as follows: The manufacturing good in each North American country is
produced by utilizing capital and skilled labor. The capital-intensive agricultural commodity is
produced by employing capital and low-skilled labor. In Canada and Mexico, the labor-intensive
agricultural commodity is produced using capital and low-skilled workers. However, the U.S.
labor-intensive agricultural commodity is produced using capital, U.S. low-skilled workers, and
temporary migrant workers consisting of undocumented workers and guest workers from Mexico.’
The production for the service & construction sector in Canada and Mexico use capital, skilled
labor, and low-skilled labor, but U.S. production of the service & construction good employs
capital, domestic skilled labor, domestic low-skilled labor, and undocumented workers. In the labor-
intensive agricultural and service & construction production process, U.S. domestic low-skilled
labor and undocumented workers are treated as imperfect substitutes.

The model incorporates domestic enforcement policy, which imposes fines (¥C) on producers
of labor-intensive agricultural and service & construction goods if they are caught employing
undocumented workers. These fines are

(1) FC=dcLY",

7 We assume the income earned by temporary workers in the United States is spent in Mexico, which is similar to
remittances. In reality, the temporary workers also spend money in the United States, and the results of consumption could
be a bit overstated for Mexico and understated for the United States.
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where d is the probability of getting caught, ¢ is the fine per worker, and LY/ is the number of
undocumented workers employed. Profit maximization yields input demand, which is used to obtain
supply functions.

Since the focus of the study is on the impact of immigration policies on North American
countries’ labor markets, commodity markets, and economies, we do not fully model the various
components of ROW. Rather, we incorporate ROW into the model by introducing reduced-form
supply and demand functions for the three trade goods: labor-intensive agriculture, capital-intensive
agriculture, and manufacturing.

Immigration and Undocumented Labor

This subsection focuses on economic forces that determine labor migration between Mexico and
the United States. Low-skilled workers in Mexico endogenously choose to work in Mexico, to seek
employment (as undocumented or guest workers) in the United States, and to partake in leisure. The
supply of temporary workers is determined by the differences between the low-skilled wage rate in
Mexico and the wage rate in the United States. The demand for temporary workers in the United
States arises from input demand from profit maximization.

Because of the differences in wage rates between Mexican low-skilled workers (w*") and U.S.
undocumented workers (wY!), some Mexican low-skilled workers incur migration cost (g) to cross
U.S. border illegally and seek employment in the labor-intensive U.S. agricultural and service &
construction sectors. Of the workers (L!) attempting to cross the border, a portion of them (b) are
apprehended at the border and returned to Mexico, and only (1 — b)L! successfully enter the United
States and become part of the undocumented workforce (LU7). Since they are unauthorized to work
in the United States, U.S. Immigration and Customs Enforcement detains and deports some of these
workers. As shown by Devadoss and Luckstead (2018), at equilibrium, given that the probability of
getting caught is d,® the number of deported workers is equal to the number of successful entrants:

2 di¥" = (1 - )Ll

At equilibrium, low-skilled Mexican workers will migrate until the undocumented worker wage
rate (wU!) is equal to the weighted average of the Mexican wage rate for low-skilled workers (wV)
and migration cost (g) (Devadoss and Luckstead, 2018):

Ul N d d
3) wll = wM <1—|—1_b)+1_bg.
The interpretation of these weights are as follows: Suppose the migration cost g is 0. Then, the wedge
between the undocumented wage rate and Mexican wage rate is determined by the deportation
and border apprehension rates. The higher the rates, the higher the wedges, implying that—given
the larger risks involved in seeking unauthorized employment in the United States—migrants will
attempt to enter only if the undocumented wage rate is significantly higher than the Mexican wage
rate. Thus, the rate ﬁ acts as a deterrent for migrants to cross the border, or it works similar to
an ad valorem export tax. When g is not 0, stricter border apprehension and domestic deportation
also require higher undocumented wage rates for migrants to incur these costs and enter the United
States.

Low-skilled Mexican workers have the option of, instead of illegally migrating to the United
States, working in the United States legally through the H-2A guest-worker program. These guest-
workers are paid wUC, which is equal to the wage rate earned by undocumented workers plus the
potential fines incurred by employers:’

4) wlC =wU 4 de.

8 We assume the probability of employers getting caught and the deportation rate are equal.
9 We assume the wage rates for H-2A workers and domestic workers are equal to AEWR which is the minimum wage that
will not adversely impact the employment opportunities for U.S. workers.
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Market Clearing

We close the model by specifying commodity and input market-clearing conditions. For traded
goods, given the Armington assumption that goods are differentiated by region, the supply of each
commodity from each North American country is equal to the demand by all labor types in all
regions plus ROW demand. ROW exports are equal to demand by all labor types in North American
countries. For the nontraded good, supply in each country is equal to demand by skilled workers and
low-skilled workers.

Since capital is perfectly mobile across the three North American countries, the total capital
endowment in all three countries is equal to capital used in all four sectors in these countries. In each
country, the supply of skilled workers is employed domestically in the manufacturing and service &
construction sectors. The supply of Canadian and U.S. low-skilled workers is employed in their
respective labor-intensive agricultural, capital-intensive agricultural, and service & construction
sectors. The supply of Mexican low-skilled workers is employed in the Mexican labor-intensive
agricultural, capital-intensive agricultural, and service & construction sectors; the remaining workers
work in the U.S. labor-intensive agricultural and service & construction sectors as undocumented or
guest workers.

Empirical Analysis
Data and Calibration

The data for key variables were compiled from the GTAP 9 database (Aguiar, Narayanan, and
McDougall, 2016), a global dataset covering 140 regions and 57 commodities. Of the 140 regions,
we maintain Canada, Mexico, and the United States and aggregate all non—North American regions
into the ROW. The 57 commodities are aggregated into the four sectors as defined in the theoretical
model. For these country and commodity aggregations, we collect data on tariffs, sectoral inputs
and outputs, consumption, and population. We obtain low-skilled worker wages from the National
Agricultural Workers Survey and Marosi (2016). All value and price data are converted to U.S.
dollars using exchange rates collected from International Monetary Fund (2016). Workers with high
school education or above are considered skilled workers; data for these workers were compiled
from the Organisation for Economic Co-Operation and Development (2018). We obtain data on
guest workers from the U.S. Department of State (2015).

Following the CGE literature, we set prices to 1; consequently, quantities and values of inputs
and outputs are measured in the same units (Burfisher, 2017). Given the above data, we follow
Rutherford (2002) to calibrate the share parameters in the utility functions and the returns to scale,
productivity parameters, and share parameters in the production functions. For the calibration of
parameters in the labor-intensive agricultural commodity production function, we assume a CES
parameter value of —1.85, which yields an elasticity of substitution of 0.35. This implies limited
substitutability of U.S. low-skilled workers and undocumented workers, indicating the unwillingness
of U.S. low-skilled workers to perform physical field labor. The deportation rate d of undocumented
workers is 1.5% and the apprehension rate b at the border is 50%, which is consistent with Gonzalez
(2015). Using the values of b, d, the U.S. undocumented wage rate, the Mexican low-skilled wage
rate, and the wage-linkage equation, we calibrate the migration cost as

o) g:wUll_l?—wMN(l—&—l;l)).

Using the undocumented wage and U.S. low-skilled labor wage, we calibrate the U.S. fine levied for
hiring undocumented workers as

(©) == (wUO — wUT)
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The online supplement provides additional details on the calibration. To understand how the model
reacts to the assumed parameter values, we undertake sensitivity analysis and report the results
below.

Counterfactual Simulation

We solve the model numerically to analyze the impacts of stricter U.S. immigration enforcement
on the North American economies. We run baseline and alternate scenarios. With the calibrated
parameters, the baseline scenario replicates the data. In the alternate scenario, we increase the
domestic deportation rate (d) by 10% and the border apprehension rate (b) by 15% to reflect the
ramped-up immigration control under the Trump administration.!® We compare the results of the
alternate scenario to those of the baseline to quantify the impacts of tighter immigration policies on
labor market, domestic prices, production, sectoral profit, consumption, trade, and welfare.

Table 1 reports the baseline values and impacts as percentage changes for undocumented
workers, low-skilled and skilled workers, and capital. Similarly, Table 2 presents the results for
bilateral trade volumes, Table 3 reports the impacts on total production and producer prices, and
Table 4 documents the results for CES consumption and price indices, wage rate, and welfare. Tables
S5-S8 in the online supplement report the results in absolute differences.

Heightened border and domestic controls cause total supply of undocumented migrant workers
in the labor-intensive agricultural and service & construction sectors in the United States to decline
for two reasons. First is the direct effect: Heightened border surveillance (increase in b) curtails the
number of migrants successfully crossing the border, and tighter domestic enforcement (increase in
d) results in more undocumented workers being deported from the United States to Mexico. Second
is the indirect effect: Due to stricter immigration controls, the probabilities of successfully entering
and remaining in the United States decline; consequently, fewer low-skilled workers in Mexico are
willing to incur the migration cost (g) and attempt to cross the U.S.—-Mexican border. As a result, the
number of working hours of undocumented workers in the labor-intensive agricultural and service
& construction sectors declines by 10% (or 95 million hours) and 18% (or 2,318 million hours),
respectively (Table 1), which causes the undocumented wage rate to rise by 24%, from $9/hour to
$11/hour (Table 4).

With fewer undocumented workers and U.S. domestic workers unwilling to preform field work,
U.S. labor-intensive agricultural production declines by 3% as labor becomes scarce and costs rise
(Table 3). As explained above, we assume a low elasticity of substitution between domestic and
undocumented workers. Because of this low substitution, this sector contracts, resulting in 3% (or 44
million hours) fewer U.S. domestic low-skilled working hours (Table 1). With higher labor costs, the
U.S. labor-intensive agricultural sector loses comparative advantage and U.S. competitiveness in the
export markets falls. By contrast, Mexican, Canadian, and ROW labor-intensive agricultural sectors
are relatively more competitive, and production of these commodities expands, leading to an increase
in exports to the United States by 2%, 2%, and 1%, respectively. With the loss of comparative
advantage and more international competition, U.S. domestic sales decline by 2.85% and U.S. labor-
intensive agricultural exports to Mexico, Canada, and ROW fall by 5%, 3%, and 1%, respectively
(Table 2).

However, in the U.S. service & construction sector, the number of domestic U.S. low-skilled
working hours rises slightly, by 0.05% (or 127 million hours) (Table 1) because, in contrast to
the U.S. labor-intensive agricultural sector, this sector is not traded. Consequently, since imports
do not enter the United States from the other countries, heightened foreign competition is not a
factor, and domestic demand for this good has to be met by domestic production. Furthermore,

10 Previous studies have considered larger percentage changes for d and b. For example, Devadoss and Luckstead (2018)
implemented percentage changes of 15% for d and 20% for b in their dynamic partial-equilibrium analysis of the effects
immigration control on only U.S. labor-intensive agriculture.



Journal of Agricultural and Resource Economics

168 January 2020

‘Texdeds 10y suoI[IW $S) PUE J0qe] J0J SINOY UOI[[IW dI8 SAN[BA QUI[ISEq I0J SIU[) 'SIION

00— 06'€9€ ‘651 00— 0T'SST 6T 10°0— 01'€ST 85S¢ SL'1 09°0ST'T [ende)
10°0— 19°62S°9 e/u e/u 000 rI'S18°1¢T e/u e/u PAIMIS gy
e/u e/u 10°0— §9°619C 000 €9°86% ‘T SL'1 ol POIIIS-MOT
10°0— 0" €L9IST S0°0 06" 1LY8Y 000 05016 ¥LY 1ce 09'088°¢ [ende)
90°0 0€'260°9 e/u e/u 80°0 TLY98 11 e/u e/u PIINIS gy
e/u e/u €10 01081 ‘1 €20 €6°L6€°€8 6C°C LY'81T'Y POIIIS-MO0T
€0°0— 09879 ‘86L 00— 00°6LL‘TST 200 00'8%8°€€6°C Sye— 0r'z68°Cl rended
000 SI'EL6 'OV e/u e/u SO0 7S 69L Ly 1 e/u e/u PAIIS
/U /U 10°0— 08'¥L9 81 S0°0 65596 ‘75T rye— 6T€LT'] pairys-mo7 ST
e/u e/u e/u e/u 6€°81— LTLO9TI 0ror— €L'6£6 SII0M “d0puU[)
Jguey) sanfep Jduey) sanfeA Jguey) sanfep Jduey) sanep
agejuaoaag aurpseq agejuadadg Jurpseq EXIANIERAER urpseq EYIA1IERAER | aurpsegq
Surmydeynuey AIMNOLISY dAIsudu-[epde) UoNINISUO)) 2 NIAIS AIMMILISY JAISUU-I10qe]

[e11de) pue ‘SIaMI0AA PIIDS PUB PIDIS-MO'T ‘SIIIOA\ PIIUIWNIOPU[) UO SINI[0J Uoneagruruy I3ysiy, Jo spoedu I 3[qe],



169

Implications of U.S. Immigration Policies

Devadoss, Zhao, and Luckstead

*SUOI[[TW $S[) I SIN[eA QUI[askq JOJ SHU[) SAION

B/u B/u 100 $8'8T8'LET ¥0°0 ECEITPIT 100— 16°€8C°129°1 Surmoenuey
B/u B/u 200 1€°€SOTT €00 $8°689°S 100— 6S°015°0L amynouse aarsuaul-feyde) MOU
B/u B/u 00— LLY80°T 91— 6C°'19C 860 L8'6L9°6 QIM)[NOLISE GAISUAIUI-IOqE |
000 L9 18¥°€01 000 0€6vE 19 w00 0S0vL'S 00— 0L ¥LS 89T SuLmoenuepy
000 81'956°1C 000 0L'80T°SPT 000 LOY66°T €0'0— 8L SIE0T amynouse darsuaul-feyde)
B/U B/U 00°0 0T L8S€86°T B/U B/U B/U B/U uonoONISUOI/AITAIS VO
€0~ YO'v¥6°C 101 09°L80°C 09°0— (849 ¥9'1 0v'Te6'l QIMNOLITE DATSUOIUI-IOQE ]
000 6151689 000 00'1Z8°€l 00 0T798°'88¢ 00— 6€°T19°8€T Sutmoeynuey
000 YL 678V €00 66'80¢ €00 00°S0T°6ST 000 881795 T1 amynouse aatsuaul-feside)
B/U ’/U B/u B/u +0°0 00°22E890°T B/u B/u UONONISUOI/AITAIRS N
8C°0— YEOVL SS1 0T'8L6 L00— 06'181°L 61°C 9886001 QINJ[NOLISE OAISUDIUI-IOqR |
000 1L°€6T°656 100 06'698°L0T 70°0 08'CEL9ST 100— 00°€€€°L8E9 Surmoenuey
000 LOETT SV 00 LO'8T1°0T €00 81°85C°0C 100— 06TESVOI'T amynouse aatsuaul-feyde)
e/u e/u e/u e/u e/u e/u ro- 06'SLL'SH8'8T uononnsuodotarg STl
88°0— v'810°01 oy'e— 0TT9'Y 66— 010121 8'C— 08'¥8LLS QIMNOLISE OAISUOIUI-IOQE ]
Aduey) sanfep aduey) sanfeA Aduey) sanfeA aduey) sanfeA
e uadIdg Juippseq agejuadadg urpaseyq agejuddIdg Juippseq 3gejuadadg urpaseyg
MOd (VD) epeue) (HIAD OPXdIA Saje)S pajuf)

Jped], [eId)e[Ig uo SINI[od uoneasruuy jo syeduy 7 dqef,



Journal of Agricultural and Resource Economics

170 January 2020

‘1 01 pazifewiou axe sao1id 10onpoid pue suot[[Iw ¢S oIe uononpoid [e10) 10§ SoN[eA dUI[sEq J0J SIU) SIION

10°0— I 100— I 10°0— I Sunmoejnuey
000 1 1000— 1 100— 1 amnoude dasuui-feyide)
000 I 00— I ST°0 I UOTIONIISUOD/IITAIS $0LI{ Jo0onpold
SI'T 1 €60 1 66'C 1 IMNOLISE QAISUUI-IOqR
10°0— LI9VT°6£6 000 8L01T0IL 000 IW6CTTILL SuLmoenuey
000 ELVLE 68T €00 L1'806°SL1 000 TTTEY06T'T amy[notse aarsuayul-feide
000 01°L8S°€86°1 $0°0 00'TTE890° Tro— 06'SLL'SY8'S1 UOTONIISUOI/A0TAIOS uoyonpoid oL
09°0 Y1'810°L 61’1 0€°50€°61 9CT— YSGE9'EL QIMNOLISE OAISUSIUI-IOQE
asuey) san[eA Aguey) san[eA asuey) san[eA
e uddIdg urpaseyqg geuadIdg uipseqg A3ejuddIdg urpaseyqg
(VD) epeue) (HIA) 09IX3IA ‘SN

SIILIJ JIINPOIJ PUR UOHINPOIJ [BIO], UO S04 uoneasruuy jo syoeduwy *¢ dqe],



171

Implications of U.S. Immigration Policies

Devadoss, Zhao, and Luckstead

000 000 00— 120 ¥0'0— 00— a3ueyd oFeIuRI] —
60°180°CSE 00681°CCT 99°0T$°90¢ ¥TT89°91¢ 08°S79°TL8T 96'L¥S 101°C Son[eA suljaseq
000 000 L00— 70— 100— 100— a3ueyo oFeuadIad
(1oy/$) a3em
9L°61 £e01 vl 0S'1 19°1¢ £e0l1 Son[eA suljaseq
B/Uu B/U B/Uu B/U B/U oY T 93ueyd 93vIUdIg
(Inoy/$) 93em pajuawINOOpu)
B/u B/Uu ’/u B/u B/u 86'8 sonyea auraseq
000 000 100— LT0 100— 100— a3ueyo oFeuddIad
. . . . . o (SINOY UOT[[TUI) QINSTO]
6¥'0€T ICI 9¢9LY 911 65 7E6 8¢El LLOYEELL 6¥' 719796 V1I'SYeL6T | SonfeA suljaseq
000 10°0 S0'0— €10 100— 100— a3ueyo 9FeIuddIad xoput uondwnsuoo
9T 9L 881 L8'089°t6 9678811 LL'T6E°88 §9°0S€°€66°1 Yr'8L6'ETO SonjeA suljaseq 7 SunmorynUeW SH
000 000 00— €r'o 100— 100— a3ueyo oFeuadIad xopur uondwnsuod 2InnoLSe
SSSY8 v T1°8T§°CT 0189901 9€°15T°0€ €0°991°6£€ ELEITLST Son[eA suljaseq aarsuuI-[eNdes S
000 000 00— ¥1'0 cro— cro— a3ueyo oFeIuadIad
o ] . . o a6 O (suorrur §Sp)) UONONISUOd /S
0Leceoce’l 0t'€9T €99 YT 1C9CI9 9L'00L°SSY L8'8L6BLBTI  €0°L6L696S SonfeA suljaseq
6¢1— 6¢1— 98'0— 89°0— Y91 — V91— a3uEyd 2FEIUII] xaput 9o1d armnoude
6L°87S°1 Y0'8LL 90°LT0°C €8°L0S°1 LY'SSO°LT 16°S06°L SonfeA suljaseq SAISUIUI-IOQR] SHD
PaII™IS PRIIMS-M0T] PalIIS PIlIS-m07] PaII™IS PIIIMS-M07]
10°0— 100— 100— a3ueyo oFeIuadIad xopurt doud
9T’'¢ we ¥6'C san[eA aureseq Suumoejnuew SgH
10°0— 10°0— 10°0— 93uEYd 9FEIUAII] xaput o1d armynoude
¥9°C 9T LY'T sanfeA suraseg aarsuayur-rendes SgO)
[4%¢ (4! 8Y'C a3uEYd 95BN xaput 9o1d armnoude
98¢ S STe san[eA aureseq QAISUUI-IOqR] SHD
epeue) 0JIXIIAl s9)e)S pajun

AIBJ[IAN PUE ‘Sajey TN QINSIT U0 SIPI[0 uoneisruwy jo sjoedw] p dqeL,



172 January 2020 Journal of Agricultural and Resource Economics

producers in this sector do not lose comparative advantage and market shares in foreign countries. As
a result, the production decline of 0.12% in this sector (Table 3) is considerably less than that in the
labor-intensive agricultural sector. With fewer undocumented workers and only a slight decline in
production, more low-skilled domestic workers are employed. In addition, U.S. low-skilled domestic
workers come out of leisure to work in this sector—despite the U.S. low-skilled wage rate falling
minimally (0.01%), which implies a decline in the opportunity cost of leisure—to make up for some
of the income lost as demand for low-skilled labor in both the labor-intensive and capital-intensive
agricultural sectors falls.!!

Under heightened border control and domestic enforcement, the number of low-skilled workers
available in Mexico increases, which causes the wage rate to decrease slightly by 0.22%. With the
number of working hours of low-skilled workers in the labor-intensive agricultural sector expanding
by 2% (or 97 million hours) and lower wage rates, production expands by 1%. Mexico uses this
increase in supply of the labor-intensive agricultural commodity to expand exports to the United
States (2%) and to Canada (2%). In doing so, Mexico meets the U.S. demand for this commodity
because the U.S. supply falls as domestic workers do not replace the displaced undocumented
workers in this production sector and international competition expands. Despite more working
hours and lower production costs, sales in the domestic market decline slightly, by 0.07% (Table 2),
because the 2% increases in the CES composite price for the labor-intensive agricultural commodity
in the United States and Canada are more than the CES 1% price increase in Mexico (Table 4).12
Consequently, with more opportunities to sell in the United States and Canada than in Mexico, it is
more profitable for Mexican producers to export to the United States and Canada than to sell in their
domestic market. As more low-skilled workers are available in Mexico, production in the nontraded
service & construction sector expands and the price falls modestly, increasing consumption. Because
the U.S. undocumented wage rate rises, the remaining undocumented workers in the United States
earn more wage income. This, coupled with the fall in the Mexican low-skilled wage, lowers the
opportunity cost of leisure and low-skilled workers spend more time in leisure, leading to a reduction
in the total labor supply. We model leisure endogenously, which moderates the effect on wages and
labor supply.

As elaborated previously, stricter immigration policies reduce the number of undocumented
workers and U.S. labor-intensive agricultural production, and U.S. demand for this commodity must
be met by exports from other countries. Part of this demand is met by Mexican and ROW exports,
and the remainder is met by Canadian exports, as evident from the 2% increase in Canadian exports
of the labor-intensive agricultural product to the United States (Table 2). As a result, Canadian
production of this commodity expands by 1% (Table 3), which requires more low-skilled Canadian
labor. Consequently, low-skilled working hours in this sector rise by 2% as labor moves from capital-
intensive agriculture to this sector (Table 1).

The capital-intensive agricultural and manufacturing sectors in all three North American
countries are indirectly impacted. In the United States, with fewer undocumented workers, low-
skilled domestic workers move from the capital-intensive agricultural sector to the service &
construction sector. This, coupled with a decline in demand as income declines, leads to a small
decline in production of the capital-intensive agricultural product (see Table s7 in the online
supplement). Manufacturing production also falls minimally because of lower demand resulting
from the decline in income. In Mexico, returned undocumented workers are employed in the labor-
intensive agricultural, capital-intensive agricultural, service & construction sectors; consequently,
production in these sectors expands modestly. Furthermore, these workers substitute for the skilled

1 Li and Reimer (2019) found that border surveillance lowers the wage rate of undocumented workers slightly (by $0.29).
This finding is consistent with our results, even though our results are based on a general-equilibrium model, which accounts
for interaction among the sectors and leisure.

12 Given the Armington trade assumption, the CES price is a composite of the prices of domestic and foreign-produced
goods paid by consumers.
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workers, and some of the skilled workers move to manufacturing, which causes manufacturing
production to increase slightly.

These results highlight the importance of the interconnections between the Canadian economy
and the U.S. and Mexican economies through international trade, particularly in the labor-intensive
agricultural sector. Even though Canada is not directly impacted by U.S. immigration policy on the
southern U.S. border, stricter U.S. immigration policy improves the competitive advantage of the
Canadian labor-intensive agricultural sector relative to the U.S. labor-intensive agricultural sector,
which boosts Canadian exports to the United States, domestic sales, and production. Without an
interlink through bilateral trade, the Canadian service sector is largely unaffected by changes in U.S.
immigration policy. Also, the Canadian capital-intensive agricultural and manufacturing sectors do
not experience significant changes, because the indirect effect of U.S. immigration policy has only
very minimal impacts.

Next, we discuss changes in consumption and welfare in the North American countries due to
stricter U.S. immigration policies. As these policies reduce production in the U.S. labor-intensive
sector, it causes distortions not only in the United States but also in Mexico and Canada because of
the cross-country interconnectedness of the labor markets and commodity markets. In the United
States, consumption of all three composite goods, the service & construction good, and leisure
of both low-skilled and skilled workers fall for two reasons: Income declines, and the increase
in the CES price of the labor-intensive agricultural commodity and the price of the service &
construction good are considerably more than the decrease in the CES price of capital-intensive
agricultural and manufacturing products. Consequently, the welfare of both low-skilled and skilled
workers falls. Not surprisingly, consumption for the labor-intensive agricultural commodity declines
the most (2%) as the composite price rises by 2%, followed by a 0.12% fall in consumption of
the service & construction good (Table 4) as the price increases by only 0.15% (Table 3) because
tighter immigration control directly impacts these sectors. Trade plays a key role in how these policy
changes impact consumption. For example, the decline in consumption of the traded labor-intensive
agricultural commodity is significantly more than that of the nontraded service & construction sector
because the price of the former rises, whereas the price of the latter increases only slightly.

In Mexico, the stringent U.S. immigration policies cause greater production of labor-intensive
agricultural and service & construction goods, which augments the employment of low-skilled
workers and raises their incomes. Mexican imports of U.S. capital-intensive agricultural and
manufacturing goods increase as Mexican low-skilled workers consume more of these goods. Also,
Mexican exports of the labor-intensive agricultural commodity expand to the United States and
Canada, which raises prices in Mexico and lowers consumption by low-skilled workers. Since
production of the nontraded service & construction good increases, price declines and consumption
rises. The increase in consumption of capital-intensive agricultural, manufacturing, and service
& construction goods offsets the decline in the consumption of the labor-intensive agricultural
commodity, and the overall welfare of Mexican low-skilled workers rises. This result may seem
counterintuitive, but a closer examination reveals that the increase in labor-intensive agricultural
production in Mexico displaces U.S. production in this sector, thereby creating more employment
for Mexican low-skilled workers, benefiting them. Mexican skilled workers’ income declines and
they work more, despite the lower wage rate, to make up a portion of the lost income. Consequently,
their leisure falls. In addition, consumption of the four sectoral goods declines, leading to a small
welfare decrease.

In Canada, the welfare of both low-skilled and skilled workers is minimally impacted. Though
wage rates increase and consumption of capital-intensive, manufacturing, and service & construction
increases negligibly, these increases are offset by reduced consumption of the labor-intensive
agricultural commodity.
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Sensitivity Analysis

We undertake four sensitivity analyses for key parameters.!> First, we lower the Armington
elasticity of substitution of domestically produced and imported goods from 2.5 to 1.5 and rerun
the simulations. The reduction in this parameter implies that consumers substitute less between
domestically produced and imported goods. The results show that changes in most of the variables
are less pronounced in response to the lower elasticity of substitution. A notable exception is in
the U.S. labor-intensive agricultural sector, where changes in the U.S. producer price and CES
composite price are slightly more pronounced (i.e., the producer price increases by 3.21% vs.
2.99% in the main analysis and the CES composite price increases by 2.51% vs. 2.48%). This
is because consumers are less willing to substitute for imports of the labor-intensive agricultural
commodity as production costs and prices of domestically produced labor-intensive agricultural
good rise. Consequently, the shortage in supply has a larger price effect in this sector.

Second, we lower the elasticity of substitution between U.S. low-skilled and undocumented
workers in the U.S. labor-intensive agricultural sector from 0.35 to 0.21 (this corresponds to a
doubling of the CES parameter from —1.85 to —3.70). The reduction in this parameter implies that
producers in this sector are more limited with substitutability between these two groups of workers.
Consequently, producers may not be able to find enough domestic workers (i.e., the number of
domestic working hours decline by 4.25% vs. 3.44% in the main analysis) and have to rely on
undocumented workers, which mitigates the effectiveness of stricter immigration policies (i.e., the
number of undocumented working hours falls by only 8.31% vs. 10.10% in the main analysis). As a
result, labor-intensive agricultural production decreases more compared to that in the main analysis.
Labor-intensive agricultural production in Mexico expands slightly more than in the main analysis,
and more Mexican low-skilled workers are now employed in this sector. With fewer undocumented
workers returning to Mexico and production expanding, low-skilled Mexican workers increase their
working hours by spending less time in leisure as wage rises.

Third, we examine the effects of increasing the elasticity of substitution between U.S. domestic
and undocumented workers from 0.35 to 1.59, implying substantially greater substitutability
between U.S. low-skilled and undocumented workers. In this case, U.S. producers of the labor-
intensive agricultural commodity readily substitute domestic workers for undocumented workers in
response to tighter immigration policies. Consequently, the decline in the number of undocumented
workers is more pronounced (—25.17% vs. —10.10% in the main analysis) and the number of U.S.
low-skilled workers employed in this sector increases to 3.42% (rather than declining by 3.44% as
in the main analysis) because more domestic workers now replace undocumented workers. As a
result, the production loss in the labor-intensive agricultural sector is less pronounced (—2.43% vs.
—2.65% in the main analysis). Though the results of this sensitivity analysis provide key insights of
the inner working of the model, they are likely unrealistic, as U.S. low-skilled workers are not keen
to work in the labor-intensive agricultural sector.

Fourth, because farmers tend to adapt labor-saving technology to mitigate the adverse impacts
of labor scarcity, we undertake a sensitivity analysis to ascertain the impact of immigration policies
if we augment capital-specific technology by 10% in U.S. labor-intensive agricultural sector. The
results show that stricter immigration policies cause farmers in labor-intensive agriculture to employ
fewer workers as a result of this technological change. Undocumented working hours decline by
8.15% (vs. 10.10% in the main analysis) and low-skilled domestic working hours fall by 1.34% (vs.
3.44%). Thus, expanding capital-specific productivity lessens the impacts of immigration policy on
low-skilled worker employment, which leads to a labor-intensive agricultural production decline
of 1.03% (vs. 2.65% in the main analysis). Because of the smaller decline in production, U.S.
exports to Mexico and Canada fall only by 1.96% and 1.33% (vs. 4.99% and 3.46%, respectively).
The spillover effects in Mexico and Canada are also dampened, in that Mexican and Canadian

13 We only report key results here, but the complete set of results is available upon request.



Devadoss, Zhao, and Luckstead Implications of U.S. Immigration Policies 175

labor-intensive agricultural production increases only by 0.57% and 0.23% (vs. 1.19% and 0.60%,
respectively). Other sectors, including undocumented workers in the service & construction sector,
are largely unaffected by an increase of 10% in capital-specific technology in U.S. labor-intensive
agriculture.

Conclusion

This study develops a four-sector general-equilibrium model of North American labor and
commodity markets to analyze the effects of tighter U.S. immigration policies under the
Trump administration. The four sectors modeled are labor-intensive agriculture, capital-intensive
agriculture, service & construction, and manufacturing. The three North American economies are
also linked to the rest of the world through trade. The general-equilibrium model incorporates the
Armington imperfect substitutability of goods based on the origins and intersectoral linkages, which
captures the direct and indirect effects of the policy changes. For example, if not for intersectoral
labor mobility, the increase in the U.S. domestic low-skilled wage rate would have been more
pronounced.

The stricter immigration control has a direct effect on U.S. and Mexican labor markets,
particularly on low-skilled workers, as the number of undocumented workers falls and the supply
of low-skilled workers in Mexico increases. Consequently, the undocumented wage rate in the
United States rises, but the low-skilled wage rate in Mexico falls. The indirect effects of these
immigration policies impact trade across the North American countries and ultimately feeds back
into the labor markets. For instance, with U.S. labor-intensive agricultural production declining,
Mexico and Canada increase production of this good to export to the United States. In that process,
Mexico and Canada employ more low-skilled workers in labor-intensive agricultural production.

The impact of tighter border and domestic policies on a sector depends on whether the sector’s
commodity is traded. The results show that these policies erode the comparative advantage of the
U.S. labor-intensive agricultural sector, causing production to decline. The implications are two-
fold: First, the United States exports less of this commodity as the relative U.S. price rises. Second,
producers face more competition at home because other countries export more to the United States.
Our results show that the increase in domestic deportation and border apprehension rates reduces
U.S. labor-intensive agricultural production by 2.65%. This result is comparable to the findings
of Zahniser et al. (2012), who found that an exogenous reduction of 2.1 million undocumented
workers in the overall economy causes output in labor-intensive crop production to decline by
1.7%-3.5%. In Mexico, the implication is that the adverse effects of immigration policies on
low-skilled Mexican workers are mitigated because labor demand in labor-intensive agricultural
production rises as production expands to export to the U.S. market. Although the U.S. service &
construction sector suffers from fewer undocumented workers, the production decline in this sector
is not as severe as in the U.S. labor-intensive agricultural sector because the service & construction
sector does not face import competition or export reallocation.

Our modeling approach generates new results. Because of tighter U.S. immigration policies,
the undocumented wage rate rises by 24.46%, with significant adverse implications for the labor-
intensive agricultural and service & construction sectors; production in these two sectors fall
significantly. Consequently, the United States expands its import of labor-intensive products from
Mexico and Canada. The employment of undocumented workers in the service & construction
sector declines by 18.39%, which is higher than the 10.10% fall in the labor-intensive agriculture.
The reason for this result is that since this sector is nontraded, there are no imports to replace the
lower production. Consequently, this sector takes a larger hit in the employment of undocumented
workers. We endogenously model the decision of Mexican low-skilled workers to illegally migrate
to the United States as they allocate their time between work in Mexico, work in the United States,
migrating to the United States, and spending time on leisure. This modeling approach generates
unique results. For instance, when Mexican low-skilled workers return to Mexico, they have the
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option of spending time on leisure. This, along with higher wages earned in the United States, causes
the welfare of low-skilled Mexican workers to increase slightly in response to tighter immigration
policies.

The effectiveness of tighter U.S. immigration policies hinges upon the unwillingness of U.S.
domestic low-skilled workers to perform farm work. Our sensitivity analysis shows that a reduction
in the elasticity of substitution between these two groups of workers leads to fewer undocumented
workers being deported as a result of the stricter immigration controls. Consequently, producers’
heavy reliance on undocumented workers in the labor-intensive agricultural sector is not solved by
U.S. immigration policy.

Given the small decrease in Mexican low-skilled workers’ wage rate and the large increase in
undocumented workers’ wage rate (24.46%), stricter immigration policies are counterproductive in
solving the root cause of unauthorized migration (i.e., wage disparity). If anything, these policies
make the matter worse by exacerbating the wage wedge, which only intensifies future potential for
unauthorized entry. Consequently, the U.S. government will need to continue to spend resources to
secure the border. However, if Mexico continues to improve its economy through further market
reform and engage in free trade with the United States and other countries, then Mexican workers
will earn higher wages in Mexico, which will eliminate the incentive for them to trek across the
border.'* But the Mexican economic reform is slower and the U.S. stance of not fully liberalizing
trade hinders the wage-equalization process.

[First submitted March 2019; accepted for publication July 2019.]
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for North American Economies

Stephen Devadoss, Xin Zhao, and Jeff Luckstead

Model

The model consists of consumers, producers, and market clearing conditions. Below, the superscript
i=U,M,C denotes the three countries: United States, Mexico, and Canada. The superscript k =
U,M,C,R denotes the four countries: United States, Mexico, Canada, and ROW. The superscript
Jj =N, E indexes low-skilled and skilled workers.

Consumer

Utility is represented by the constant elasticity of substitution (CES) functions:
ij _(pii ii\P" | gii NP | i i\ P"
(SD) UY = [Bpy (DYV)" + px, (DX + Bpx, (DX,
ij NPT L pii (myrii\PY e
+ By (DV ) + Bpr (DL ) Ik

where Bi/s are share parameters that sum to one and p’/ is the CES parameter with elasticity
of substitution ¢’/ = 1_—"),j The traded goods (DY, DX/, and DX,’) are Armington composites
consisting of domestic and imported commodities by source country:

- [
ij ij
i i jk ;i\ Ppy | PoY
Dy’ = |y B (pr'i) ] :
|k
_ U
ij i
DX — ijk ( pyik Pox, | Pox,
1= ZBDX. 1 )
Wz
1

N o o
x| L (o)
| k

Here, the superscript i denotes consumption location, k signifies production location, and B'/Xs are
the share parameters for the Armington composites.

Consumers’ income comes from firms’ profits, returns to capital, wage income, and government
transfers. The budget constraints for low-skilled workers in the United States and Canada are

PN (I + I, + I, + 10, + FK') + G + WL =
(82) o o o -
P.DY"™ + Py DX{" + Py DX3" + PyDV'",

where WV is the portion of profits and capital returns belong to low-skilled consumers, G™ is the
total government transfers, w is wage rate, and L’SN is labor supply of low-skilled consumers. The
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budget constraints for skilled workers in the United States, Mexico, and Canada are

WE (T + Iy, + Iy, + I, + #K') + G* + WL =
(S3)
PyDY" + Py DX{* + Py, DX5" + P,DV'",

where WE, GE  wE  and LgE are defined similar to above.

We set up the low-skilled Mexican consumers’ budget constraint with endogenous choice
between working in Mexican industries that employ low-skilled workers or in the United States
as undocumented workers or guest workers. As such, these workers are considered as Mexican
nationals where undocumented and guest workers’ wage earnings originate from US industries,
but expenditures occur in Mexico. Consequently, undocumented and guest workers wage earnings
are akin to remittances. The cost of migration to the United States is g, which account for both
payments to coyotes to cross the border and opportunity cost of traveling. After entering the United
States, these undocumented workers (LU7) earn the unauthorized wage w!, which is greater than the
wage rate wMV paid to low-skilled workers (LISVIN ) in Mexico. Mexican low-skilled workers’ budget
constraint is defined as

PMN (H?,” I H% 4 H% i, 7t K GM) S wMNLMN ULy UGTUG
(S4)
gL' + P'DYMN 4+ PYDXI™N + P DX + P DVMN.

Variable definitions are as follows: LVC is the number of Mexican workers that enter the United
States legally through the H-2A guest-worker program, wV© is the guest-worker wage rate, L' is the
number of workers attempting unauthorized entry into the United States, b is the portion of workers
caught at the border and returned back to Mexico, implying 1 — b is the proportion of unauthorized
workers that successfully cross the US-Mexican border, d is the proportion of unauthorized workers
in the United States that are caught by US ICE and returned to Mexico. Consequently, at the
equilibrium, the number of deported undocumented workers and the number of successful entrants
are equal, as given by dLY’ = (1 — b) L!. This equation links the number of undocumented workers
residing in the United States to the number of undocumented workers entering the United States
through border and domestic enforcement.

From utility maximization, we obtain the linkage between the Mexican wage rate and the US
undocumented wage rate:

d
(S5) wUl = wMN (1 + > + T8

Equation S5 shows that the undocumented wage rate is a weighted average of the Mexican wage
rate and the migration cost. We also establish the wage linkage between the guest workers and the
undocumented workers:

(S6) wUG =WV + de,

where c is the fine for hiring unauthorized workers.
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From the utility maximization, we derive the demand function for the composite traded goods
DY, DXl” , and DXZJ , service & construction goods DV'J and leisure (DLV):

. I . I
DYV = ——————, DX/ = PP —
(ﬁl:,/ ) P pi Py ) P71
Py P)’(f]
1 . Ii
DX’ : , DV = : ,
ﬁl)lX2 I/ 1 Plj IDIJ\,/ pii—1 Pl]
Py Py
1

where [/ = Wi (ny + 0§ + Ty, + T, + rK7 + G") +wiLY for ij=UN, UE, CN, CE, MN,
ME and PV = @MY (T 4 T+ T+ T + K™ GM )+ WMV LN ol L9140 0L06,

Given the Armington assumptlon, the demand functions for domestically produced and imported
goods DO

ik
PO

DO =

ijk
pofo
where the price indexes Pg for the composite good O are

ij
i - Ppo”!
pDO P;')’O
o~

- |5 |(et) s

k

Producers

Below, we define the producers problem for the United Sates, Mexico, and Canada.

US Manufacturing Sector

Sectoral profits are
Iy =P SYY — YKy —wVELyE,

where the production function is

&
SyU — AU [(K)g)aﬁj (L)I/JE)ng| 7



S4  January 2020 Journal of Agricultural and Resource Economics

AU is total factor productivity, oY and ¥/ are share parameters, and §! is the return-to-scale
parameter. Corresponding input demand functions are

U U UgU
-
LgE:<7/UCY> =4 ( rUCY ) -y [P AV
e 454

Y 3y Y
U UpU 1
KU — W\ (& [PAv] -
Y =\ WUE U ¥ :

US Service & Construction sector

Profits are
1y =R/ svY — UKy — wVPLYE — wONLGN — WYLy — deLy!

where the production function is

&
svU=al | (k)™ @R @ gy |

UG

Using the wage linkage, wW/¢ = wY! + dc, the profit function can be expressed as

1y =PIsvY — YKy — wVELYE —wUNLYN —WUOLyl

Input demand functions are

o
P

o Sl PYay [ ey o PYAYT™ [ g0 PYay | [ oy BY RYAY T ey vy YAy ]
14 U ,.U WUE wUN wUG ’

gU

U pUAU [TV qUpPUAUTH [ U pUAUTW U pU AU U pu U 4

JUE _ &/ WP/AY | [ & o PYAY &' wR/AY Y BY P/ AY Cv v Py AV v
v WUE U WUE WUN wUG ’
&

UBUPUAU [T¢UqUPUAUTN [ U PUAUTW [eUBU PUAUTRY [ eU U pUual 1oV ] -7

JUN _ SV y By Ay | [Svov By Ay &/ w R/ AY v by &y Ay v oy By Ay

v WUN U WUE WUN wUG ’

U W U &

UpUpUaU [T¢UqUpUAUT® U AU pU AU UBUPYAY UpUAU7TW | 1-¢/
LUT7CVUVPVAV & oy AV T T8/ W R/ AV Y y Py Ay Cv v RIAY]Y T
v = wUG U WUE WUN wUG :

US Capital-Intensive Agriculture

Profits are
U _ pU U U U UN yUN
HX] = PX] SX] —r KXI % LX

1 )

where the share form of the CES production technology (see Rutherford, 2002) is
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where K and LyN are baseline input levels, and AY, is productivity. Input demand functions are

1
k= Y (A )
Ky, r AX]
”’L(/l%)gl
UUUUULUIU UUUUULUIUA’%(F“’[{I)
x |ad —aXl)L_X]uX]PX]AX] lile-i—ﬁ)l(] BXI_A’(l“XlPXlAX] e
! K}{I v l}{l ! L%NWUN)&/I ’
ﬁU)LU,uU PUAU 1,;&/
L%N - Z’)%N Xl-U)j\]/ )li]N XIU = l
Ly 'w )‘Xl
“’I{l%’[{l
UUUUULUIU U U U pU AU l}%z/ l’l‘fl(lw’%}l)
« |ag (SRR B T gy (Bn e iy ) T
Ky v A}{l 1 L)%N wUN )“?[(]1

US Labor-Intensive Agriculture
Profits are
Iy, = PY,SX;y —
PKY — wINLYN — WUOLYG _ WUILYl — gerd!

where the share form of the CES production function is

U
U U U ‘uﬁ
KU\ ™ LUN\ %, LUT\ ™% | 4,
SXU _AU aU X2 _|_ ﬁU X2 + vU XZ
270 || pU X2 | [UN X\ [ur
X, X) X,
Using the wage linkage, w6 = wY! + dc, the profit function can be defined as
U U U %
U A%, UN Ax, LT Ao | A
U _ pUU | U 2 U 2 U 2
Iy, = Py, Ax, | 0, KU + ﬁXz JUN + Ux, ur
X, X, X,
2 2 2

U U UN y UN UGyUT
—r' Ky, —w "Ly, —w ULy, .
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Input demand functions are

1
UqU U pU AU Y
aXz )‘Xz l'LXZ PXZAXZ ! l’\/2

U _ pU
e T
2 2
U U
U U U 7‘6{2 7AX2
A ) %, v (Hﬂf)
al 1-2Y BY 1-2Y u T e AN
< oY Xo X2 + BU X5 X2 U X5 X2
X\ U K)l(/2 %2\ |, ,UN LgszN X G Lg(JZT
U U
(“XZ*’LX)
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U pU AU\ 17 )
x ('uX2PX2AX2) A
UAU U pU AU \ T30
1
L%(JN — ["‘)L(/N BX2AX2'uX2PX2AX2 X2
2 2 wUN ngN 2 ?E’jz
K )lsz 71)[‘12
/1;{2 z}gz AXz U (HLU )
U =Y ﬁU 20 U Y/ ) X2
< lal X2 X ﬁU Xo X U X5 X
X\ U Ig}l(l X2 UN ig.(/N X G L}L{/T
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[ U U 2 2
y U a}é i) _|_ﬁU B?lf]z 1-2g) ol UPL(/z 1-2¢)
X2 U iU X UNJUN X, GTUT
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(“’l‘/z o )
U pU 4U Y\ (171
X (“szszXz) ( 2)
Mexican and Canadian Manufacturing Sector

Mexican and Canadian sectors do not employ undocumented workers. Profits are
L =PiSY' — K}, — wELE,

where the manufacturing sectors are governed by Cobb-Douglas technology

i i i alir' iE )’{/ C;/
SYi = A} [(KY) (LE) ] .
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Input demand functions are

o 1— al gl o al Cl
: RO\ 6 (AN i
Ly =L . PyAT]
( wik 7l [ Y ] ’
& g .
L 71
@:(”“)“(?ﬁ)'“pAy@.

Mexican and Canadian Service & Construction Section

Profits are . .
=PSVi —rKi, —wNLIN — WELE,

where the Cobb-Douglas production function is
. . . Oti iE YJ N ﬁi C\l/
SVi=Al, [(K’V) V(L)Y (LY) V} .

Input demand functions are

4
ki, = S RAY | i yi %QGVWC"”ﬁC 5
V= 7 wil wiL )
e al J/ 1 i
LiE — WS Ay i Al o &1 (WG Y [BY Cl o
vV — WiE vav i Wik wiN ’
_ 5 o
i 7ipigi o WorRigi1Bv] =g
LN — By Sy v Ay PiAi ay Cv VIR [BGTT
v wiN VvV WiE wiN ’
Mexican and Canadian Capital-Intensive Agriculture
Profits are _ o o -
Iy =P, SX| — r'Ky, — wLy),
where the share form of the CES production functions are
e,

A L\ %
SX| =Ax, |ox, | = ﬁxl = .
K}’(1 LS(I

S7
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Input demand functions are
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1
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K. — Fi &, A B Ay 1
X X i ri)l
X" X
i _qi
AL AL LS
X X A 1—pld )
of Aiui PilAlL O\ oAl Bi Ai i P AL\ | x
% i x, % M Fx A X "‘Bi %, Ax M Fx A X
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Mexican and Canadian Labor-Intensive Agriculture
Profits are
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Market-Clearing Conditions

The market-clearing conditions and corresponding complementarity variables, given in brackets, are

[PFC] SY€=DyN¢ 4 pyEC 4 pyYNC 4 pyVEC 4 pyMNC 4 pyMEC 4 pyk©

[PC] SXf =DX{N¢ + DX{*C + DX{NC + DX{'FC + DX!™NC + DXMEC + DXC

[PC] SX5 =DX5NC + DX5C + DXyNC + DXJFC + DX)™C + DX)'FC + DXFC
(Pg]  SVE€=DVN + DVt

[PYY]  sYY=py™ 4 py“EV 4 pyUNU 4 pyUEU  pyMNU o pyMEU 4 pyRU

PV sxy =Dx"Y + Dx{*Y + px{NY + DXPPY + DXV 4 DXMFV + DXV

PV sxy =DxsNY + Dx5PY + DxyNY + DXPY + DXV + DXV + DX
PY]  svY=pvUN 4+ pyUE

[P{;WM] SYM — DYcNM + DYcEM + DYUNM + DYUEM 4 DYMNM + DYMEM + DYRM

(M sxM =Dx{" + DX{EM + DM 4 DXUEM  DXYNM 4 DXMEM 4 DX

[PYM] X3 = DXSVM o DXSEM 4 DXYNM 4 DXYEM 4 DXYINM | DXYEM 1 pXRM
'] svM=pvMY 4 pvME

[P;QR] SYR :DYcNR + DYCER + DYUNR + DYUER 4 DYMNR 4 DYMER

[PER] Sxf=DxF + DX{ER + DXVR + DXVER 4 DX N 4 DX ]ER

[PER] sxF =Dx§NE + DXSER + DXJVR + DXYER + DX)'NE 4 DX)IER

] KC+KU+KM=K{ +K§ +K§, +KS+KY +KY +K{ + K+ K
+ Ky + K+ K

wN IN =LY + LN
[WCE] IE LgE + DICE
[WUN] TUN _ g/N + DLUN
[WUE] TVE :LgE + DLUE
[WwME] TMF = LMF 4 DLME

WM IV =1 4 VT 4 VG [N 4 MY

After substituting demand and supply function into these equations, we obtain a system of 22
equations in 22 endogenous prices.
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Data
Tables S1, S2, and S3 give all data sources and corresponding variables.

Table S1. Data and Parameter Sources

Variable Type and Name Notation  Source
Endogenous variable under baseline
Production Nl GTAP9
Consumption DO GTAP 9
Bilateral trade DO GTAP9
Output price Pé Setto 1
Wage wh NAWS, USDL, Marosi (2016), Calibration
Rental 7 Setto 1
Production input Kb, Lz GTAP9
Undocumented labor v Calibrated using labor input data from GTAP 9 data and
undocumented labor percentage employed in US labor
intensive agriculture from Ruark (2011), and
unauthorized-worker percentages hired by different US
industries from Cohn and Passel (2009)
Immigration L Calibration
Endogenous and policy variable
Tariff th GTAP 9
Portion of migrants caught at the border b Calculated from Gonzalez (2015)
Fraction of deportation d Calculated from Gonzalez (2015)
Labor endowment Li World Bank (2011)
Capital endowment K GTAP 9
Guest workers LgG U.S. Department of State (2015)
Immigration cost g Calibration
Fine c Calibration
National income share pij Calibration
Labor share ﬁﬁ% OECD
Function parameter
Utility and composite goods CES p, pg Assumption
Production CES /13 Assumption
Production return to scale /.L)l(/2 Calibration
ROW demand/supply elasticity BOD /S Assumption
ROW demand/supply scale 53 /S Calibration
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Table S2. Bilateral Trade and Tariff under USMCA/NAFTA

Destination
Origin United States Mexico Canada ROW
Manufacturing Ad Valorem Tariff
us 0.0 0.1 0.0 32
ME 0.0 0.0 0.0 2
CA 0.0 0.0 0.0 1.9
ROW 1.7 4 2 2.5

Capital Intensive Agricultural Ad Valorem Tariff

us 0.0 0.5 14.7 19

ME 0.2 0.0 6.2 11.7
CA 1.3 1.7 0.0 11.8
ROW 23 10.3 12.5 7.7

Labor Intensive Agricultural Ad Valorem Tariff

us 0.0 5.1 0.0 10.3
ME 0.0 0.0 0.0 2.3
CA 0.0 0.0 0.0 19.5
ROW 0.3 53 0.6 5.9

Manufacturing Bilateral Trade (US$ millions)

Us 6,387,333.00 156,732.80 207,869.90 975,601.70
ME 238,851.00 388,862.20 13,821.00 71,671.80
CA 268,574.70 5,740.50 561,349.30 105,551.30
ROW 1,673,165.00 116,395.80 140,447.60 11,742,065.00

Capital-Intensive Agricultural Bilateral Trade (US$ millions)

us 1,104,832.9 20,298.70 20,379.60 148,563.20
ME 11,622.70 159,205.00 313.80 5,327.20
CA 23,302.20 2,117.70 145,108.70 24,700.70
ROW 83,907.60 6,351.10 12,357.60 1,131,815.00

Labor-Intensive Agricultural Bilateral Trade (US$ millions)

UsS 57,784.80 1,210.10 4,622.20 10,048.50
ME 10,613.90 7,481.90 978.20 785.90
CA 1,932.40 54.10 2,087.60 2,961.70
ROW 10,676.90 267.30 1,296.30 117,295.70

Source: Aguiar, Narayanan, and McDougall (2016).
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Table S3. Values of Variables and Parameters

United
Variable/Parameter States Mexico Canada ROW
Manufacturing 7,711,229.40 710,210.80 939,146.20 1,873,226.30
A t
prgoirfi?; Capital-intensive agriculture 129043222 17590817  189,374.73 87,249.75
(USS$ millions) Labor-intensive agriculture 73,635.55 19,305.30 7,018.14 11,025.93
Service/construction 18,848.78 1,068.32 1,983.59 -
Manufacturing 1 1 1 1
Price Capital-intensive agriculture 1 1 1 1
(normalized) Labor-intensive agriculture 1 1 1 1
Service/construction 1 1 1 -
Low-skilled 10.33 1.50 10.33 -
Wage ($/hour) Skilled 31.60 11.43 19.76 -
Undocumented 8.98 - - -
Guest worker 10.33 - - -
Rental rate 1 1 1 -
Immigration Portion of migrants caught at 50% - - -
policy the border
Fraction of deportation 1.5% - - -
Low-skilled -0.50 -0.50 -0.50 -
CES utility owsiitle
Skilled -0.50 -0.50 -0.50 -
Low-skilled Manufacturing 0.6 0.6 0.6 -
worlger CES Capital-intensive agriculture 0.6 0.6 0.6 -
oods
& Labor-intensive agriculture 0.6 0.6 0.6 -
Manufacturing 0.6 0.6 0.6 -
Skilled worker
CES goods Capital-intensive agriculture 0.6 0.6 0.6 -
Labor-intensive agriculture 0.6 0.6 0.6 -
Skilled labor share 0.424 0.15 0.51 -
Labor Low-skilled 1,572,258.8 889,052.4 143,709.6 -
endowment Killed 11573572 156,891 149,575.2
(millions of Skille ,157,357. 56,891.6 9,575. -
hours)
Manufacturing 798,628.6 151,673.4 159,363.9 -
Capital input Capital-intensive agriculture 151,779 48,471.9 29,255.2 -
(USS millions) 1 o intensive agriculture 12,892.4 1,250.6 3,880.6 -

Service/construction 2,933,848 358,253.4 474,910.5 -
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Other Endogenous Variables

Next, we give the computations of endogenous variables that are not observed in the data. Total time
to consumers is obtained by multiplying 365 days by 24 hours times the number of workers. Leisure
is defined as all non-working hours. We calculate the ratio of expenditures for each group of workers
to total expenditures to obtain /. Price variables are calculated using the linkage equations

d d
Ul MN

= 1+ — |+ —
W v ( l—b) —b

wVG =wl 1 dc
PV = 5
P = R
PR = P
PYC = (YCpYY
P)I(JIM _ )I{JIM PJI(JIU
PUR — (YRpYU
PYU — U piv
RIE = cp
PR — (IR pliM
PRC = 4fC PR
R~y
P = Pl
PRU — (RU pRR

RU __ _RU 'R
Py, =1t I

RU __ .RU pRR
PXZ _tXZ PX2
M __ .RM pRR
P = M Py
M __ .RM pRR
X1 —tXI PX1

M __ .RM pRR
Xo _tXZ PX2 .
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Calibration

We set all prices to one in the baseline (e.g., Kehoe and Ruhl, 2009). Using data from Gonzalez
(2015), the fraction of undocumented workers deported by the US government is d = 1.5%. Also,
the proportion of unauthorized immigrants caught at the border of b = 0.5. The CES parameters in
the production function are assumed to be lUl = l)’(jz = l}}’]’ = l)’g = —1.85, which give an elasticity
of substitution of 0.35. The ROW price elasticity of demand and supply are —0.3 and 0.3. The top-
level CES parameter for utility is assumed to be p’/ = —0.5. The CES parameter in the Armington
composite goods is assumed to be pj, = 0.6.

Supply Parameters

The share parameters—(x)’}, a‘i/, a)"(l, a)’é, [3"/, ﬁ)’;l, ﬁ;}z,)/{}, y{}, v‘[,] , 1)}{2 , a{,”— in the production
function are calibrated as the share of each input cost to the total cost of production. The return
to scale parameters—C;, u§1, “)i(z’ {\,—are calibrated by dividing total cost of production by the
value of production. With total production, inputs, share parameters, and returns-to-scale parameters
calibrated the productivity parameters—A},, A§(I , Aé(z, Al—are calculated as residuals.

Demand Parameters

PY(DO) 1=

The utility share parameters are calibrated as ﬁli)jO = and ﬁ,l)/,_ =1-

wii(prii) " vy P (Do) P
1 piik

., ik ( yijk
ijk _ _P5(DO) 7 (Rutherford, 2002).

ij .
Y 0 Bpyo and composite goods share parameters as 35, T
Y PX (DOVK)

Other Parameters

Using the data on the wage rates and domestic and border control policies, the g is calibrated using
the wage-linkage equation g =w//1=2 — wM (122 4 1) and ¢ is calibrated by utilizing the wage-
linkage equation ¢ = % (WU —w! )
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Absolute Difference
Table S4. Impacts of Heightened Immigration Policies on Undocumented Workers,
Low-Skilled and Skilled Workers, and Capital®
Labor- Capital-
Intensive Service & Intensive
Agriculture Construction Agriculture Manufacturing
Undocumented workers —94.9 —2317.94 n/a n/a
Us Low-skilled —43.79 128.67 —1.93 n/a
Skilled n/a 70.56 n/a —1.85
Capital —444.62 677.52 —30.26 —228.24
Low-skilled 96.74 193.8 18.26 n/a
ME Skilled n/a 9.44 n/a 3.87
Capital 85.78 6.53 23.12 —22.32
Low-skilled 2.01 —0.32 —0.34 n/a
CA Skilled n/a 0.37 n/a —0.69
Capital 21.86 —44.97 —4.94 —39.46
Notes: Units for the results are mil. hrs for labor inputs and US$ millions for capital input.
Table S5. Impacts of Immigration Policies on Bilateral Trade
United States Mexico Canada ROW
Labor-intensive agriculture —1,645.59 —60.44 —159.73 —88.17
Us Service/construction —22,209.92 n/a n/a n/a
Capital-intensive agriculture —66.93 6.09 4.72 591
Manufacturing —411.65 59.47 29.66 35.81
Labor-intensive agriculture 221.43 —4.89 15.19 —2.06
ME Service/construction n/a 404.84 n/a n/a
Capital-intensive agriculture —0.50 50.69 0.08 0.21
Manufacturing —57.55 78.78 —0.47 1.11
Labor-intensive agriculture 31.75 —-0.33 21.02 —10.04
CA Service/construction n/a n/a —40.89 n/a
Capital-intensive agriculture —6.34 0.10 —2.43 0.23
Manufacturing —55.88 1.35 —0.54 2.08
Labor-intensive agriculture 56.45 —4.28 —0.50 0.00
ROW  Capital-intensive agriculture —6.86 1.50 2.19 0.00
Manufacturing —126.43 41.75 17.80 0.00

Notes: Units for the results are US$ millions.
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Table S6. Impacts of Immigration Policies on Total Production and Producer Prices

United States Mexico Canada
Labor-intensive agriculture —1,953.93 229.67 42.41
Total production Service/construction —22,209.92 404.84 —40.89
(US$ millions) Capital-intensive agriculture —50.20 50.48 —8.44
Manufacturing —286.71 21.87 —53.00
Labor-intensive agriculture 0.03 0.01 0.01
Producer prices Service/construction 0.00 0.00 0.00
(change from 1) Capital-intensive agriculture 0.00 0.00 0.00
Manufacturing 0.00 0.00 0.00

Table S7. Impacts of Immigration Policies on Leisure, Wage Rates, and Welfare

United States Mexico Canada
CES Manu Price Index 0.00 0.00 0.00
CES CapAg Price Index 0.00 0.00 0.00
CES LabAg Price Index 0.08 0.03 0.08
Low- Low- Low-

Skilled Skilled Skilled Skilled Skilled Skilled
CES manu cons index —77.44 —145.80 113.53 —56.99 5.18 9.17
CES CapAg cons index —11.79 —21.82 40.03 —17.93 0.71 1.14
CES LabAg cons index —129.39 —278.95 —10.29 —17.38 —10.82 —21.55
S/C cons (US$ millions) —7,077.80  —15,132.13 633.71 —228.87 —11.02 —29.87
Leisure (millions of hours) —82.95 —68.71 2,079.41 —13.31 —1.35 0.31
Undocumented wage ($/hr) 2.20 n/a n/a n/a n/a n/a
Wage ($/hr) 0.00 0.00 0.00 —0.01 0.00 0.00
Welfare —805.20 —1,073.87 1,092.86 —50.31 —4.81 —-5.92

[Received March 2019; final revision received July 2019.]
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