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Abstract

This paper studies the impact of skilled immigration policy changes in the U.S. using a dynamic
general equilibrium model with skilled migration, offshore labor hiring, and intermediate input
trade. The novel feature of the model is that it explicitly accounts for firms’ response in off-
shore labor hiring after skilled immigration policy changes. We evaluate the impact of a stricter
immigration policy and show that the offshoring channel is important for the welfare impacts.
The calibrated model that matches the U.S. economy suggests that we would overestimate the
welfare gain to skilled domestic workers after a 10 percent immigration cap reduction by ap-
proximately 18 percent if we ignore the offshoring channel. The paper highlights the importance
of considering the interactions between immigration, offshoring, and trade, when designing im-
migration policy changes.
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1 Introduction

There has been a significant increase in skilled migration to the U.S. in recent years, which has led
to growing debates on immigration policy and increasing concerns about wages and employment of
domestic workers.! One of the arguments for a stricter skilled immigration policy is that it would
lead to higher wages and employment gains for native skilled workers. However, what is often
ignored in these discussions is firms’ response to immigration policy changes. Firms play a crucial
role in the current H1-B visa policy, which is the dominant entry route for foreign skilled workers
in the U.S.? Multiple surveys indicate that the immigration policy imposed cap and administrative
procedures impose frictions and incentivize firms to increase their offshoring activities by sending
foreign workers to offshore affiliates and/or hiring foreign skilled labor in these affiliates.> Therefore,
the design of immigration policy in the U.S. requires models with systemic links between skilled
immigrants and offshore workers.

Recent empirical literature such as Ottaviano, Peri and Wright (2018) and Glennon (2020)
also document the substitutability between skilled immigrants and offshore workers and recognize

* However, most of the debates and literature surrounding the impacts of skilled

its importance.
immigration policy changes ignore this offshoring channel that is vital for how skilled immigration
policy changes affect wages, employment, and domestic households’ welfare.

Motivated by this, we build a dynamic general equilibrium model that enables us to investigate
the impact of skilled immigration policy changes on domestic firms’ offshoring activities and how
this influences the welfare consequences for heterogeneous (skilled and unskilled) domestic workers.
Our main goal is to quantify the relevance of the offshoring channel when evaluating the welfare
impacts of skilled immigration policy changes. We also aim to shed more light on the channels that
link skilled immigration, offshore labor hiring, and intermediate input trade.

To this end, we first document some trends that highlight the growth of trade and offshoring
within the Professional, Scientific, and Technical Services sector as this sector constitutes the bulk of
skilled foreign-born workers hired in the U.S. We then build a two-country (Home and Foreign), two-

sector (intermediate and final goods), dynamic general equilibrium model with offshoring, skilled

!Skilled foreign-born now constitute more than 17% of the skilled labor force in the U.S. (Current Population
Survey). Among all foreign-born individuals, those with at least a bachelor’s degree witnessed the sharpest increase
(42%) during the 2004 — 2016 period. The corresponding increase for the native-born in the same skill group was 26%
in the U.S. According to Kerr, Kerr, Ozden and Parsons (2016), skilled and low-skilled workers’ global immigration
increased nearly 130 and 40 percent, respectively, from 1990 to 2010.

2See Appendix A for an overview of the H1-B policy and the quota.

3For instance, according to a survey by Anderson (2012), for the National Venture Capital Association, 43% of
the companies said that the lack of H-1B visas influenced the company’s decisions to place or hire more personnel in
facilities located outside the United States. In another survey (Slaughter 2016), 77% of firms responded that “skilled
positions unfilled for more than 30 days harm their operations and 71% thus say that if it became too difficult to
find qualified talent in America, they would consider relocating”. According to a GAO (2011) report, in years when
firms did not receive approvals for their H-1B petitions, most of the large, multinational firms reported that they
were generally able to hire their preferred candidates by sending the candidate to work in an overseas office, but they
had to incur additional costs to do this.

* As highlighted in Section 2, much of the previous literature has focused on the substitutability between unskilled
immigrants and offshoring in the manufacturing sector.



immigration, and intermediate inputs trade. In the baseline model, firms in the intermediate goods
sector at Home produce differentiated goods using domestic and immigrant skilled labor and Foreign
skilled labor hired in offshore affiliates. The domestic skilled labor supply is inelastic. These firms
optimally choose the amount of skilled labor to hire, subject to an immigration policy-imposed
cap, a sunk hiring cost, and an exogenous probability of return to Foreign. The immigration cap
is binding in the model, and firms are allocated a fraction of their immigrant worker demand.’
The emigration from Foreign is determined by firm labor demand in the Home country.® The
immigration cap restricts the amount of Foreign skilled labor that firms can hire domestically and
increases the cost of hiring skilled workers. However, firms can also hire Foreign skilled workers in
an already existing offshore affiliate in Foreign. To produce offshore, firms have to pay a per-period
fixed cost in order to maintain their relationship with the Foreign affiliate. The model features an
increase in offshoring at the intensive margin (increase in labor hired in existing affiliates) rather
than an increase in the number of Foreign offshore affiliates (extensive margin). By hiring labor
offshore, firms are able to hire more skilled workers and overcome some of the frictions imposed by
skilled immigration policy. Firms in the final goods sector produce output using unskilled labor
and intermediate goods produced by domestic and foreign non-affiliated firms.

We first solve the model analytically and highlight channels that affect offshore labor hiring
and intermediate trade. To solve the model numerically, we calibrate the main parameters in the
Home country that pertain to immigration policy, labor markets, trade, and offshoring at Home to
match the U.S. economy during the 2004 — 2017 period. We also calibrate parameters related to
the Foreign economy’s labor markets to match data from India. We show that the calibrated model
is broadly consistent with recent data trends in offshore labor hiring. We then use the calibrated
model to conduct counterfactual policy changes in immigration and trade policies in the domestic
economy.

Our main counterfactual exercise quantifies the impact of a 10 percent immigration cap reduc-
tion in order to analyze the impact of a stricter immigration policy. A reduction in the skilled
immigration cap reduces skilled labor available at Home and puts pressure on domestic skilled
wages to increase. This incentivizes domestic firms to substitute for Foreign labor through an in-
crease in offshore labor hiring. Due to iceberg trade costs and lower productivity in Foreign, firms
do not entirely substitute immigrant labor with offshore labor. Therefore, the increase in the labor
hired offshore is less than the decline in immigrant labor hired domestically, and the total output
produced by the intermediate sector at Home decreases, leading to lower firm profits.

The results emphasize the importance of accounting for the offshoring activities of domestic
firms after an immigration policy change. When we do not account for the adjustment in offshore

labor hiring after the immigration cap decline, wages of domestic skilled workers rise by more

5This mimics the current H1-B policy as when the cap binds, firms are allocated workers according to a lottery.
The H1-B cap has been binding since 2004.

5This assumption is realistic due to the significant wage differences between OECD countries like the U.S. and
developing countries like India. If hired, there is a strong incentive for a Foreign skilled worker to join the Home labor
force. Empirically, Clemens (2013) estimates a six-fold increase in salary for skilled workers who migrate to the U.S.



compared to the case where we account for the adjustment in offshore labor hiring. Since firms can
partly substitute immigrant skilled labor with offshore workers (that are now relatively cheaper
due to more skilled labor available in Foreign), the wages of skilled workers increase by less at
Home. This is important for welfare calculations. The welfare gain to domestic skilled workers due
to a wage increase following a 10% immigration cap reduction is 18.4% higher when we ignore the
offshoring channel.

Moreover, the offshoring channel is important for how changes in immigration impact trade.
Our framework with skilled immigration, offshore labor hiring, and trade in intermediate inputs
includes two channels of imports from the Foreign economy. First, part of the domestic intermediate
firm’s output is produced offshore and is imported back to the Home country. Second, domestic
final goods firms also import intermediate goods from non-affiliated foreign intermediate firms.
A decrease in skilled immigration has two opposing effects on imports. On the one hand, there
is an increase in offshore labor hiring, which increases output produced in the offshore affiliates,
and therefore imports from affiliated firms increase. On the other hand, a lower immigrant stock
in the domestic economy tends to decrease the import of intermediate inputs from non-affiliated
firms. One reason for this is that there is an increase in foreign labor hired in offshore affiliates
relative to foreign non-affiliated firms after the increase in demand for offshore hiring by domestic
firms. This leads to a relative reduction of output produced by non-affiliated firms, and therefore an
increase in the relative price of imports from these firms, and a corresponding reduction in imported
intermediate goods.” Therefore, the offshoring channel is important for the impact of immigration
on imports for two reasons — 1) offshoring directly responds to immigration which affects imports
from affiliated firms, and 2) offshoring indirectly impacts imports from non-affiliated firms.

Our framework highlights that firms’ adjustment in offshore labor hiring following an immigra-
tion policy change matters for the quantitative and qualitative impacts in the domestic economy.
Therefore, our results indicate that it is essential to consider the general equilibrium relationships
between immigration, offshoring, and trade when studying the impact of immigration and trade
policy changes. This is the paper’s main contribution — we study the interactions between skilled
immigration, offshoring, and trade in intermediate inputs in a dynamic general equilibrium model
with a skilled immigration policy setup that mimics the U.S. and offshoring by domestic firms with
a focus on the skilled services sector.

This paper is organized as follows. In the next section, we discuss the related literature. Sec-
tion 3 documents some trends that motivate our focus on skilled immigration and offshoring in the
skilled services sector. Section 4 introduces our baseline model. Section 5 describes some relation-
ships obtained from the model’s analytical solution, and in Section 6, we present the calibration
for the numerical solution. Section 7 compares our model predictions with trends in the data. We
then discuss the main welfare results and the underlying mechanisms in Section 8. The last section

concludes.

"These opposing effects are consistent with contrasting impacts of immigration on imports documented by em-
pirical literature, as discussed in Section 2.



2 Related Literature

This paper is related to literature that studies the impact of immigration on offshoring.® Olney
(2013) finds that an increase in immigration reduces both the extensive and intensive margins of
offshoring. Ottaviano, Peri and Wright (2013) also give evidence of substitutability between immi-
grant and offshore workers. Olney and Pozzoli (2019) study the relationship between immigration
and offshoring by exploring whether an influx of foreign workers reduces the need for firms to locate
production activities abroad. Their paper also shows that an exogenous increase in immigration
reduces firm-level offshoring at both the intensive and extensive margins.” However, much of this
literature focuses on offshoring in the manufacturing sector and on low-skilled immigration.

The recent empirical literature has focused on skilled immigration and documented substi-
tutability between skilled immigration and offshoring in the skilled services sector. Ottaviano, Peri
and Wright (2018) explore the impact of immigrants on the imports, exports, and productivity of
service-producing firms in the U.K. They highlight that immigrants may substitute for imported
intermediate inputs (offshore production) and lead to a re-assignment of tasks among offshore and
immigrant workers. They find that a 10 percent increase in the bilateral immigrant share reduces
intermediate services imports by approximately 1-2 percent, therefore suggesting a negative cor-
relation between immigrant and offshore workers in the services sector (primarily concentrated in
the professional, scientific, and technical activities) in the U.K.

Glennon (2020) is another recent paper that empirically analyzes the impact of H-1B visa
restrictions on increased foreign affiliate activity using matched firm-level data. She finds that
such restrictions caused an increased foreign affiliate activity at both the intensive and extensive
margin. The result that 0.3 jobs were offshored for every unfilled H1-B position is consistent with
our calibrated model — a decline in the immigration cap leads to higher offshore labor hiring, but
this increase is less than the immigration cap’s decline. Lewin, Massini and Peeters (2009) also
show that the emerging shortage of high skilled science and engineering talent in the U.S. drives
the need to access talent globally, which partially explains the offshoring of product development.
They highlight the growing trend for companies to offshore more complex and higher value-added
activities that require access to highly skilled workers and show that the cutback in H1-B temporary
worker visas in 2003 partly influenced this.

Our paper differs from the literature that studies the impact of skilled immigration and off-
shoring as it features skilled immigration, imported intermediate trade, and offshore labor hiring
within a general equilibrium framework. This contrasts with papers that separately study the
impact of skilled immigration on imported intermediate trade or on offshoring at foreign affiliates
within a partial equilibrium framework.'” Since we include both intermediate input trade and

offshore labor hiring within the same framework, we are able to separate out some of the channels

8See Hummels, Munch and Xiang (2018) for the literature review on the impacts of offshoring on labor markets.

9There is also literature that finds a positive relationship between immigration and FDI (for instance,)

9 Caliendo et al. (2017) document the importance of trade, migration, and their interaction channels in quantifying
the welfare impacts of immigration policies. They, however, focus on goods trade in the EU and ignore offshoring
channels.



that influence the impact of immigration on imports. Therefore, our paper is also related to the
extensive literature that studies the impact of immigration on trade. The empirical literature has
documented that immigrants may demand goods and services from their home countries, leading
to an increase in imports (Gould 1994 and Head and Ries 1998). On the other hand, as mentioned
above, the literature has also documented that immigrants and imported intermediate inputs may
be substitutes when a good is part of a production chain. Our framework is consistent with both
these effects — an increase in skilled immigrants would tend to increase intermediate imports (from
non-affiliated firms in our framework) but would decrease intermediate imports from affiliated firms
(due to substitutability between immigrant and offshore labor).

This research also adds to the emerging literature that examines the implications of high skilled
migration. This includes Borjas and Doran (2012), Doran, Gelber and Isen (2014), Peri, Shih and
Sparber (2015b,a), Kerr, Kerr and Lincoln (2015), and Hanson, Kerr and Turner (2018). Our work
is also related to studies that measure the welfare gains from lowering barriers to labor mobility. e.g.,
Urrutia (1998), Klein and Ventura (2007, 2009), Iranzo and Peri (2009), di Giovanni, Levchenko
and Ortega (2015), and Ehrlich and Kim (2015). The immigration policy cap and costs are modeled
similar to the framework in Mehra (2018). Our paper is also related to the literature that studies
unskilled immigration and offshoring in a dynamic general equilibrium model (Mandelman and
Zlate 2020).

3 The Growth of The Professional, Scientific, and Technical Services Sector

In this section, we motivate our focus on the skilled services sector — the Professional, Scientific, and
Technical Services sector (North American Industry Classification System, NAICS 54). In doing
so, we highlight some trends within this sector that also motivate our modeling framework.

Since our focus is on skilled immigration policy, we want to focus on sectors that are most
relevant for hiring skilled immigrant workers. Since its inception in 1990, the H1-B visa program
has been the dominant entry route for foreign skilled workers into the U.S. labor force. Within
the H1-B program, the bulk of firm demand for skilled immigrant workers is accounted for by the
Professional, Scientific, and Technical Services sector. Before filing an H1-B petition, firms need to
submit a Labor Condition Application (LCA) with the Department of Labor in which they specify
the number of foreign workers they would like to hire for a particular occupation. Firms filed 73%
of LCAs in the Professional, Scientific, and Technical Services sector (LCA database, 2015).'! Since
the bulk of the newly hired skilled immigrant workers are employed by firms in the skilled services
sector, our study is motivated by firm offshoring in this sector.

Moreover, our framework focuses on skilled immigrant labor employment at domestic firms

that have foreign affiliates. This is consistent with the evidence in Yeaple (2017) that multinational

"Yeaple (2017) also mentions that many of the intensive users of the temporary visa programs are in service
industries, such as computer design, publishing, management consulting. Ottaviano, Peri and Wright (2018) also
note that even in the U.K., both immigrants and services trade is relatively concentrated in the same sectors —
professional, scientific, and technical activities.



A. Share in Total Intermediate Inputs B.Export Share in Industry GDP

0.22F 3 0.16 b
0.21 0.14
() ()
E E
“ 02t w 0.12
01rf
0.199
o . . ¢ . .
2005 2010 2015 2005 2010 2015
Year Year
C. Import Share in Industry GDP D. Share of Foreign Affiliates in Imports
01F ] 0.75 F s
o 0.091 o 07}
3 3
= 0.0871 =
065t
0.07
0.06 F 06
2005 2010 2015 2005 2010 2015
Year Year

Figure 1: Rising Importance of Skilled Service Sector in the U.S.

firms are more likely as a whole to obtain H-1B visas compared to non-multinationals, even after
controlling for firm characteristics that are associated with demand for skilled labor.

Next, we want to analyze trends related to the use of output in the skilled services sector as
an intermediate good, domestically, and in trade, since these are crucial elements of our model.
Figure 1 shows that this sector currently accounts for about 22% of the total intermediate inputs
used in the U.S. economy, and there has been an increasing trend over time (Bureau of Economic
Analysis, BEA Input-Output Use tables). Moreover, between 2004 and 2018, the export share in
total industry GDP increased from 9% to 16% and the corresponding import share rose from 5%
to 11%. Our framework has two channels of imports — import of output produced offshore at an
affiliate and import from non-affiliated firms. Figure 1 also shows that the share of foreign affiliates
in total imports within this sector has grown significantly and is currently over 70%.

Most importantly, this sector has witnessed significant growth in offshore labor employment
in recent years. In Figure 2, Panel A reports the share of employment in U.S. majority-owned
foreign affiliates as a proportion of total employment within this sector. This share has witnessed a
substantial increase from 9% to around 15%. Panel B shows that this increase was concentrated in

specific countries like India and China — the share of Asia-Pacific in U.S. majority-owned foreign
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Figure 2: Employment at Foreign Affiliates in Professional, Scientific, and Technical Services

Notes: Number of Employees are in thousands for the first panel, and the annual growth rates and share of
Asia-Pacific are in percentages in the second and third panels, respectively. NAICS 54 is the professional, scientific,
and technical services sector.

affiliate employment increased from 30% in 2004 to over 70% in 2018.'? Therefore, skilled immigrant
workers and workers hired offshore in the skilled services sector seem to be sourced from similar
Asian-Pacific countries like India, suggesting higher substitutability between these workers. Yeaple
(2017) documents that India is a considerable outlier for skilled foreign workers in the U.S. via the
temporary visa programs.

Overall, these trends indicate the growing importance of this sector as an intermediate good
and in trade. Particularly noticeable is the increase in offshoring within this sector with respect
to employment in foreign affiliates of U.S. firms, particularly from countries that are the primary

source of foreign skilled labor in the U.S.

4 Baseline Model

The baseline model features a two-country (Home and Foreign), two-sector (final and intermediate
goods) economy populated by skilled and unskilled households. We denote foreign variables with

an asterisk *. Monopolistically competitive firms produce imperfectly substitutable varieties of

12Within Asia Pacific, India accounted for 65% of the employment in majority-owned Foreign affiliates (BEA
Direct Investment and Multinational enterprise data).
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final consumption goods at Home and Foreign. The production technology of final good producers
in each country combines a basket of domestic and imported varieties of intermediate inputs with
domestically available unskilled labor. Monopolistically competitive intermediate producers at
Home produce output using domestic, immigrant, and offshore skilled labor. In order to hire
immigrant labor, Home intermediate goods firms pay a sunk cost and are subject to an immigration
policy-imposed cap. To hire offshore skilled labor in Foreign, these firms have to pay a fixed cost
to maintain their relationship with a Foreign affiliate and an iceberg trade cost to bring the output
produced offshore back to Home.

We assume that the Home country is more productive than the foreign, which generates ver-
tical offshoring and immigration in only one direction. Therefore, Foreign intermediate producers
produce output using only native skilled labor, and there is no migration from Home to Foreign.

Figure 3 summarizes the production setup at Home and Foreign.

4.1 Households

The Home economy consists of a continuum of three types of infinitely-lived domestic households
that supply units of skilled (domestic/native and immigrant) and unskilled labor inelastically. The

representative native household’s labor supply is normalized to be 1, and that of the representa-



tive unskilled household is [,. Each skilled and unskilled representative household has the same
preferences over a basket of goods produced at Home. The lifetime utility of skilled domestic and

immigrant (denoted by d and f, respectively), and unskilled households (denoted by u) is given by:

Ig_atXEtZBk_t lncj,ka Vj e {d7 fau}? (1)
> k=t

where Cj; = { fueT[cj,t(v)]%dv}% is the consumption basket of each household. Here, 6 > 1
is the household’s symmetric elasticity of substitution across varieties (v) of the final consumption
good. The associated consumption-based price index for the final good in units of Home consump-
tion is 1 = {fveﬁr[pt(’u)]l_edv}ﬁ, where py(v) is the price of variety v in units of consumption.
The demand for variety v by household j is given by ¢;.(v) = [pt(u)]_ecj,t.

The budget constraint for the native skilled household is wy ¢lq+d; = Cq+, where dy is the total
profit income from intermediate and final good producers at Home in units of Home consumption.
The representative native household’s labor supply lg; is inelastic and normalized to be 1. In the
baseline setup, skilled households are the firm owners.'®> The domestic real skilled wage Wey is
determined in the competitive labor market for skilled workers.*

Immigrant skilled labor and domestic unskilled households consume the sum of their respective
labor incomes. Therefore, we have Cy; = wslys, and Cyp = wuvtliu, where w,; is the real wage
paid to unskilled labor, and is also determined competitively in a separate unskilled labor market.

Households in Foreign face a similar maximization problem. The total inelastic supply of Foreign
skilled households is given by L*. Non-emigrant Foreign skilled households are either employed in
the Foreign intermediate goods sector or at offshore affiliates. The stock of Foreign skilled labor
employed at offshore affiliates is l,; and the Foreign labor employed by Home intermediate firms
to cover the fixed cost of offshoring is f,;. The mass of Foreign intermediate firms is Nj and the
total Foreign skilled labor employed at Foreign intermediate firms is Nl ;.

There is perfect labor mobility across Foreign intermediate good producing firms and offshore
affiliates and therefore, the skilled wage in Foreign, wg,, is the same for all skilled workers. The
total firm profit in the Foreign economy is dj and similar to Home, the firm owners in Foreign are
domestic skilled households. All skilled workers in Foreign pool labor income and therefore the

budget constraint of the representative skilled household in Foreign is given by:
Cor = ws (log + for + Nglsy) +di. (2)

Unskilled Foreign workers consume their labor income, similar to those at Home. Their budget

constraint is given by Cj , = wzytli;i, where [7 is the inelastic stock of unskilled workers in Foreign

13In the quantitative exercises, we allow for alternate profit distribution across households.

“Foreign and domestic skilled workers are paid the same wage in the baseline model. This is consistent with the
overall evidence on native-born relative earnings as a percent of foreign-born for workers with a bachelor’s degree or
higher (Figure D1). Moreover, when filing a Labor Condition Application, firms attest that they will pay the worker
the prevailing compensation for that occupation.



and wy, , is the unskilled wage determined in a competitive labor market in Foreign.

4.2 Final Good Producers

The Home consumption basket is comprised of imperfectly substitutable varieties v € T produced
by a constant mass (normalized to 1) of monopolistically competitive Home final good producers.

The production technology of each final goods producing firm is given by

ye(v) = Zy [me(0)]” [lug(0)]' 3)

where the basket of domestic (y;) and imported (y}) intermediate inputs is given by:

1 . N . $—1
my = [ / (y1.4(w) 7 dw) + / <y:;,t<w>%dw>] . (4)
0 0

The elasticity of substitution across different intermediate varieties (w) is ¢ > 1 and N is
the mass of foreign intermediate good firms. Therefore, the final good firms produce output using
unskilled labor, [, ¢+, and the basket of intermediate goods.

In minimizing costs, each firm chooses its optimal demand of the intermediate composite and
unskilled labor as m; = a[0/(0 —1)]Y,*/pm and 1, s = (1 —)[0/(0 —1)]Y,¢ /wy, respectively, where
Y,¢ is the Home aggregate demand (defined in Section 4.4). p,; is the price index of the domestic
and foreign intermediate input composite used in the production of the Home final good.

The optimal demand for Home intermediate input variety w is given by y1 +(w) = [p1.4(w)/pm.¢] =%
and that of the Foreign intermediate input variety w is y; ,(w) = [p;,t(w)/pmvt]_‘bmt, where p1 ¢(w)
and pj ;(w) are the equilibrium prices of domestic and imported varieties (described in Section 4.3).
Imports are subject to an iceberg trade cost 7.

Each final good producing firm sets its price as p;(v) = [0/(0 — 1)][pm.t/]*[wur/1 — =%/ Z;.
Each firm’s per period profit is given by d.; = ptyt—plvtylyt—ij;ty;t—wwlu’t. Since consumption
goods are not traded, the final good producers serve the domestic market only. Therefore, the
market clearing for each firm implies that y,(v) = [p;(v)] Y.

A constant mass, normalized to 1, of consumption good producers in Foreign face an identical

problem. The corresponding equilibrium conditions are denoted with a *.

4.3 Intermediate Good Producers

There is a continuum of monopolistically competitive firms, each producing a differentiated variety
w € ). There is no endogenous entry or exit, and we normalize the constant mass of firms to
1. Output ym+(w) produced by each intermediate firm is subject to the following production

technology.
lo,t ((U)

To

Ymt(w) = Zi [lap(w) + alps(w)] + Z¢ ()

10



Production requires skilled (native or immigrant) labor — l¢;(w) and l4(w) are the stock of
immigrant and domestic skilled labor employed at firm w, respectively. Aggregate total factor
productivity at Home is Z;, which is exogenous and follows an AR(1) process. A part of the
intermediate good can be produced using l,; labor hired offshore and the productivity of offshore
labor is subject to the total factor productivity in Foreign, Z;. However, an iceberg cost (7,) is
associated with importing back output produced offshore.

The presence of offshore affiliates expands the availability of skilled labor for domestic firms as
they can produce part of the intermediate good in Foreign using Foreign labor. In the benchmark
model, domestic, immigrant, and offshore workers are substitutes in production.'”> However, we
account for potential labor productivity differences between immigrant and offshore Foreign workers
— a is the relative productivity of immigrant workers. Given a competitive labor market, additional
costs of hiring foreign workers (described below), and flexible real skilled wages, firms would have
an incentive to hire foreign workers only if there is some additional benefit of hiring foreign workers.
The relative productively of foreign-born workers, a, creates a wedge between wages paid to foreign
born (determined in the competitive labor market for all skilled workers), and the marginal revenue
product from an additional foreign worker hired. I do not impose that a > 1. However, this turns

out to be an outcome of the calibration.

Immigration Policy We model immigration policy to mimic U.S. skilled immigration policy.
Domestic firms face certain immigration policy restrictions when hiring immigrant workers: Firms
have to pay hiring costs, and there is a policy-imposed cap on the number of Foreign workers that
can be hired each period.'® The sunk hiring costs fr (in units of Home consumption) must be paid
for each Foreign skilled worker that the firm applies for. If each firm chooses to submit applications
for Ng((w) workers, then the total cost that the firm incurs for hiring immigrants is fr Ne(w).
Higher immigration policy costs imply a more restrictive immigration policy.

The entry cap for Foreign skilled workers is exogenously set at Ne,t. Each firm submits ap-
plications for N, (w) Foreign skilled workers and the probability or fraction of each application
cq Net(w)dw]. Therefore, if each firm submits Net(w)

applications, it will get p;Ne(w) workers. Since the cap has been binding since 2004, we only

being selected is given by pu; = Ne,t/ [fw
consider cases where p; < 1, i.e., the aggregate demand for skilled foreign workers across all firms
(I),,eq Ne,t(w)dw]) is greater than the cap (Ne;), and the cap binds. Firms are of measure 0 and
take p; as given in their hiring decision. A lower cap also represents a more restrictive immigration

policy as it lowers the fraction of accepted applications.

15While there is empirical evidence for imperfect substitutability between natives and immigrants within the same
education and experience group (Ottaviano and Peri 2012), some debates are surrounding this, especially among
those who advocate a stricter immigration policy. Therefore, we do not include complementarities in the benchmark
case so that our welfare results can be interpreted as the 'worst case’ impacts of immigration policy changes.

Firms in multiple surveys (for instance, by the GAO (2011) report), document a range of direct and indirect
costs associated with the H-1B program, including legal and administrative costs. Firms note that apart from the
filing fees paid to the Department of Homeland Security, the main cost incurred is due to the opportunity cost of the
time and effort spent in the process, which is captured by the regulatory component of the sunk cost, fr:, in the
model.

11



A fraction § of immigrant skilled workers currently employed by domestic firms (including newly
hired workers from the previous period) are separated from firms at the beginning of the period.
Foreign workers that end up separating return to their origin country and get added back to the
skilled labor supply in Foreign.'” Then, the stock of period ¢+1 immigrant skilled workers, I fir1(w),
depends on the stock of period-¢ workers that remain in the Home country, i.e., (1—-6)l;(w), and the
fraction of newly hired foreign skilled workers in period-t that do not separate, i.e., (1—38)uiNe ¢ (w).

Therefore, there is a time to build lag, and the stock of immigrant skilled labor at firm producing

variety w evolves according to the following law of motion:

ppr1(w) = (1 —0) [lre(w) + peNes(w)]. (6)

The period-t hiring probability, u:, depends on period-t aggregate demand for foreign skilled
labor and the period-t immigration cap. Period-t demand for foreign skilled labor at each firm
is determined optimally, given the law of motion in Equation (6) and the expectation of period
t 4+ 1 output, which depends on the current aggregate productivity Z;, and expectation of future
productivity shock €;41. The current productivity does not directly impact the firm’s hiring decision
of foreign skilled workers today. Instead, persistence in the productivity process causes it to affect
the firm’s expectation of future productivity and hence its current decision. Therefore, firms take

into account both the current and future states in their optimal determination of N (z).

Offshore Labor Hiring FEach period, firms can also hire Foreign skilled labor at an offshore
affiliate. To do this, the firm must pay a per-period fixed cost, f,;, in units of Foreign skilled

labor.!8

Firms pay the fixed offshoring cost and choose offshore labor [,;, taking the Foreign
skilled wages wg; as given.' Therefore, if period-t offshore labor hired is lot, then the total cost
incurred by the firm is Quwj o +(w) + Qi forws,/Z;. Here @y is the real exchange rate defined as
the units of the Home consumption basket needed to purchase one unit of the Foreign consumption
basket. There is no time to build lag for offshore labor hired — foreign workers hired in period ¢

become productive immediately in the offshore affiliate.

Optimal Hiring of Skilled Foreign Workers Output produced by each intermediate good
firm is sold to the domestic final goods sector (y;; at a price p; ) and to the Foreign final goods
sector (Y at a price p, ;). However exports (and imports) are subject to an iceberg trade cost 7.
The presence of the iceberg trade cost 7 > 1 implies that in order to export y, (w) units of output,
the firm needs to produce 7y, ¢(w). Therefore, output produced must satisfy the following market

clearing.

Ymit = Y1t T TYz,t (7)

"For immigrants, there is an exogenous probability of return to the country of origin to account for the fact that
a bulk of foreign skilled workers are on a temporary work visa and a fraction returns every period.

8This can be interpreted as labor or managers hired to maintain operations in the offshore affiliates.

19Tn the model, all firms are symmetric, and therefore all firms end up offshoring. We calibrate the model such
that firm profits are always positive after paying the fixed offshoring cost.
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Expressed in units of the consumption basket, the inter-temporal profit function of a firm

producing variety w is given by:

E, Z ﬁk,t{ﬂl,k(w)yl,k(w) + Q1 k(W)Y k(W)

k=t

— fRENe k(W) = wek [l p(w) + lap(w)] — Qrwy i [lok(W) + for/Zk] },

where the inter-temporal discount factor that the firm applies to its profits is Sy, = Su/(Cs i) /' (Cs )
since domestic skilled households are assumed to be the firm owners in the baseline model. The
revenue of the intermediate good firms include total value of sales to the domestic final good firms
(p1,t(w)y1+(w)) and total sales to the foreign final good firms Qtpg+(w)yz(w). The costs include
costs incurred due to immigration policy, wages paid to domestic and immigrant workers employed
in the Home country, wages paid to foreign offshore workers employed in Foreign, and fixed off-
shoring costs.

Each period, Home intermediate firms optimally choose p; +(w), y1,t(w), pzt(w), Yz t(w), Net(w),
lfi41(w), lo¢(w), and lg4(w), by maximizing expected discounted profits subject to the following

constraints:

L. Zyllar(w) + alps(w)] + ZFlo (W) /To = Y1,4(w) + Tyt (w)

—¢

2. yre(w) = [B22]
—¢

3. Ypt(w) = [%@:)} m;

4 Uppan(@) = (1= 0) [lp(w) + e Nes ()]

The first constraint spells out the market clearing condition after imposing the production tech-
nology. The second and third constraints specify the equilibrium demand for domestic and export
sales by domestic and Foreign final good firms, respectively. Firms take wages and immigration
policy as given.

The optimal conditions are derived in Appendix B. As long as fixed offshoring costs ensure
positive profits, firms hire offshore labor till the marginal cost of hiring labor offshore is equalized
with that of hiring domestically available skilled labor as follows.

Ws,t

Q= ®)
o<tz 7

Additionally, each period, firms hire and submit applications for skilled immigrant workers such
that the expected discounted benefit generated from an additional skilled immigrant worker is equal
to the expected cost of hiring immigrant workers:

fr _

. VA
— = (1 - 5)Et |:/3t,t+l (aws,t+1 - Qt+1TowS7t+17Zt*+1 + 7fR >] (9)
ot t+1  Ht+l
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The expected cost of hiring immigrant workers is fr/u:. Since firms have to pay fr for each
immigrant worker that they apply for, and pu; is the probability of the application being selected,
firms effectively pay fr/p: to hire each immigrant worker. The right hand side of Equation (9) gives
the expected benefit of hiring immigrant workers — the value of output produced by each worker
net of wages paid, plus the future cost saving of hiring workers. Here we express the expected
benefit as a function of domestic and Foreign skilled wages. Hiring immigrant labor is like an
investment decision for firms and the stock of immigrant workers is governed by an Euler equation,
the forward iteration of which gives Equation (9).

Profit maximization implies that the price set by firm w for the domestic final good producer is
p1t(w) = [¢/(¢ —1)](ws+/Z;) and the export price for the Foreign final good producer is pg (w) =
Q; 1Tp17t(w), where the export price is in units of Foreign consumption. Firm profits in period t
are given by dp (W) = p1,4(w)y1,6(w) + Qeput(W)Yat (W) — wsila (W) — ws il g (W) — Qrwy lot(w) —
[rNeg(w) — foQewy,/Z}.

Foreign Intermediate Firms We normalize the constant mass of Foreign intermediate produc-
ers to Nj. Each Foreign intermediate firm w produces output using their native skilled workers
— the technology is given by y;, (w) = Z;I5;. Foreign intermediate firms sell output locally
and also export to the Home country final goods sector subject to the iceberg trade cost 7, i.e.,
Ymi(w) = yi (W) + Ty; (w). Except for the hiring decision of immigrant and offshore workers,
Foreign firms face a similar problem as Home firms and set prices for output sold domestically as
pii(w) = [¢/(¢ — D](w;,/Z:") and for output exported to Home as p; ,(w) = Qi7p] 4(w). Firm
profits are given by djy, (w) = pf (W) (W) + Q7 o3 1 (W)y 4 (W) — whlk(w).

4.4 Aggregate Accounting and Equilibrium

Since firms in each sector are identical, the aggregation over varieties is straightforward. Aggregate
intermediate sector output is given by ym = Zi(lgs + alys) + Zflot /T, and the associated price
index is (pm,¢)' =% = (p14)1 2+ N} (p;t)l_d’. Aggregate consumption by households at Home is the
sum of consumption by skilled and unskilled domestic and immigrant workers, i.e., Cs¢+Cy+Cyp .
Home labor market clearing requires lg; = 1 and [, ; = l.. The aggregate demand at Home is given
by Y = ws (1 + lﬂ) + wwl_u +d¢ + frNe,t, where the budget constraints have been substituted.?’
Aggregate Home profits are given by the sum of intermediate good and final goods sector profits,
ie., di =dig+deg.

Similarly in Foreign, aggregate intermediate output is Njyy, , = NjZ[l5, and the associated
price index is (pj;, ;)' % = (pae)' "?+ N} (pit)l_‘z’. Aggregate consumption by households in Foreign
is C5, + Cy . Foreign labor market clearing requires that the sum of foreign labor employed
in offshore affiliates (including labor that covers the fixed cost), foreign non-affiliated firms, and

immigrant workers employed in the domestic economy, should be equal to the aggregate inelastic

20The R.H.S is the aggregate consumption by domestic households plus the sunk cost of hiring immigrant workers,
which is in units of Home consumption.
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Table 1: Baseline Model Summary

Equation Label

Equilibrium Condition

Home Intermediate Price Index

Foreign Intermediate Price Index
Immigrant Labor Hiring Condition
Immigrant Labor Stock

Hiring Probability

Balance of Payments

Home Intermediate Goods Market Clearing
Foreign intermediate Goods Market Clearing
Foreign Skilled Labor Market Clearing
Home Final Goods Market Clearing
Foreign Final Goods Market Clearing

(Pmt) =% = (p10)" 2 + Nj(p5 )~

() =% = Ni(pi ) 7+ (pea)'

% =(1-0)E; {ﬂt,tJrl (aws,t+1 — Wepy1 + %)}
lpapr = (1—=0)(lse + pNey)

Mt = Ne,t/Ne,t

Qtpz Yzt — NPy 1Yn s = Qewy lot + Qufows /2]
Zi(L+algy) + Zf ot /To = Y1t + TYar

Zt*l;,t = yit + Ty;,t

LS = NjU + L+ for +log

Zmol, = Yf

ml—a
* Y% I _ c*
Zimi "l =Y,

Home Consumption price Index 1= () (Lmt)o(Pet)la/z,

1= () (Bt ) (1o 7
Pt = (p)ws,t/zt

Pzt = Qt_lTpl,t

e = (G232}

Prr = QtTp1t"

3 ¥

Foreign Consumption price Index

=

Home Intermediate Domestic Price
Home Intermediate Export Price
Foreign Intermediate Domestic Price
Foreign Intermediate Domestic Price

Home Intermediate Demand Y1t = (pl’t/pm,t)*¢’mt
Foreign Intermediate Demand Ui = (05 .1/ P )~y

Home Export Demand

Foreign Export Demand

Home Unskilled Labor Market Clearing
Foreign Unskilled Labor Market Clearing

supply of skilled foreign labor (L}), i.e., Li = loy + for + Lyt + Njl%,, and for unskilled foreign

labor: I3, = I Therefore, immigrant workers employed at Home are part of the skilled labor

supply in Foreign and any changes in Home immigration policy affects the skilled labor supply in
Foreign. Aggregate accounting in Foreign requires that the aggregate demand is given by Y =
wg (ot + for + Nglis) + wZ,JZ +dey + Ngdi -

Finally, any trade imbalance must be offset by payments incurred for offshore production as
follows.?!

QtpztYat — ng;,ty::,t = Qtw:,tlo,t + Qtfow:,t/zt* (10)

Table 1 summarizes the model. We have a system of 23 equations in 23 endogenous variables:

* * * * c cx * *
{pm,tu pm,ta P1,t, /31,15, Pzt px,ta Ht, Wst, ws,tv Qta lf,t+lu Ne,t7 lo,t, Yt ) }/t y Wt ls,tv wu,t’ Yty Yzt

Yy.e» M, my }. Once we solve for these variables, we are able to solve for profits at Home and in

21Qubstituting the expression for profits in the aggregate demand equation also gives this condition.
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Foreign as follows.

dit = p1ayis + Qpr Yot — Wet(1+1ps) — Qtw;tlo,t — [RtNet — fo,t'w;tQt/Z* (11)
det = piY{ — pravie — Nype Vet — Wutlug (12)
diy = piayie+ Qt_lp;,ty;,t — w4l (13)
doy = PYYE" — Ngpi i e = Pagat — Wl (14)

5 Analytical Solution and Intuition

This section outlines some analytical results highlighting the intuition behind the relationship
between skilled immigration, offshoring, and intermediate imports. See Appendix C for the details
and derivations.

The level of offshoring I, in the baseline model is given by

1 =7 \ ! -
los=(—+A— T (A—52¢—1 E)L*
it <7'o + # + ¢> < T + =27 s

VA
— <A — =222+ Zia) let
t

- — ¢(Z*_1)+1 B (p—1) . Zt
P e L)

where A = T¢*1/(N;T§’) and E = {77,[1 + N;i(77)? 1}, In Appendix C, we show that A —
Zr2¢~1 > 0. Therefore all the coefficients in the expression for lo+ are positive.
Equation (15) highlights the factors that affect offshore labor hiring by domestic firms and

Proposition 1 summarizes this:

Proposition 1. The offshore labor hired by the Home skilled intermediary (1) is increasing in
the availability of skilled labor in Foreign (L%), decreasing in the stock of immigrant skilled labor at
Home (ly4), decreasing in the fized offshoring cost (f,), and decreasing in the relative productivity
at Home (Z;/Z}).

It is intuitive that a higher relative productivity at Home would mean that Home producers
would prefer to produce more at Home relative to Foreign, and therefore the labor hired offshore
would be lower. Moreover, any factor that increases the availability of skilled labor in Foreign
(higher L% or lower lf,), increases the level of offshore labor hired in the Foreign affiliate of the
Home intermediate firm. This is also intuitive because a larger stock of skilled labor in Foreign will
lower real wages and increase the incentive to produce offshore.

Proposition 1 highlights the negative relationship between skilled immigrants and the level of
offshore labor hired. When firms are able to hire less skilled immigrant workers at Home, they

increase their offshore labor hiring and therefore increase the component of output produced in the
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Foreign economy. This would tend to increase imports by the domestic intermediate firm from the
Foreign affiliate.

Next, we solve for the level of intermediate imports from Foreign non-affiliated firms as follows:

i} 1 VA Zy  (11o) 71 ZF (0 — 1)
= L — Iy —1,
Yart 1+N;(TTO)¢—1{N;T *TNgr T [N;T+ Té
zZ; (776)? 7 (o — 1)
_f . 16
I [N;T+ T (16)

From this equation, the following proposition highlights another mechanism by which skilled im-

migrants affect domestic imports.

Proposition 2. Keeping the level of offshoring (l,+) constant, there is a negative relationship be-
tween the stock of skilled immigrant labor (144 ) and imported intermediate inputs from non-affiliated
Foreign firms (yy ;). However, once we account for the endogenous adjustment in offshoring follow-
ing changes in skilled immigration, there is a net positive relationship between imported intermediate

imports from non-affiliates and the stock of skilled immigrant labor.

The main implication of Proposition 2 is that the qualitative impact of changes in skilled
immigration on imports from non-affiliated firms depends on whether or not we account for firms’
adjustment in offshore labor hiring. The increase in offshore labor hiring in affiliated firms relative
to non-affiliated firms after a decrease in skilled immigration leads to a relative reduction in output
produced by non-affiliated firms, and therefore an increase in the relative price of imports from
these firms, and a corresponding reduction in imported intermediate goods. Therefore, there is
a positive relationship between skilled immigration and imports from non-affiliates (a reduction
in skilled immigration results in a reduction of imports). However, when we do not account for
the adjustment in offshoring following an immigration reduction, then the domestic intermediate
sector output would fall relative to the foreign intermediate sector output, and therefore, the relative
price of imports from non-affiliated firms would fall, resulting in an increase in imports from Foreign
non-affiliated firms.

This is consistent with the responses to an immigration cap decrease, as discussed in Section 8.
In the benchmark case in which we account for an adjustment in the level of offshoring, Home
intermediate imports from non-affiliated firms fall after an immigration cap decrease (positive
relationship). In contrast, in the alternate case in which we shut down the offshoring channel,
imports increase (negative relationship).

In summary, a change in the availability of skilled Foreign labor at Home leads to firm adjust-
ment in offshoring. The offshoring channel is not only important for the direct effects of immigration
policy, it is also important for the impact of immigration on imports for two reasons — 1) offshoring
directly responds to immigration which affects imports from affiliated firms, and 2) offshoring in-
directly impacts imports from non-affiliated firms. When firms adjust their offshore labor hiring
in response to an immigration policy change, the impact of skilled immigration on total imports

is ex-ante ambiguous. On the one hand, a decrease in skilled immigration increases offshoring and
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Table 2: A Priori Parameters

A Priori Parameters Value Target

Discount factor £ =0.96

Elasticity of substitution ¢o=0=338

Return migration 0=0.1 Average return migration

Cap N, = 0.0022 Cap/Domestic skilled labor

Domestic unskilled labor I, =1.72 Proportion of U.S. unskilled labor
Foreign skilled labor Lr=12 India’s skilled labor/U.S. skilled labor
Foreign unskilled labor Ir= 4.58 Proportion of Indian unskilled

Table 3: Targeted Moments

Target Data Model
Offshore labor/total employed 0.12 0.12
Ratio of exports to imports in skilled service sector 1.3 1.33
Average fraction of immigrant applications approved 0.4 0.4
Skill Premium 1.8 1.8
Ratio of regulatory costs to skilled wages 0.08 0.08

Table 4: Calibrated Parameters

Calibrated Parameters Value

Skill Intensity a = 0.5783
Mass of Foreign Intermediate Firms N; =10.2078
Sunk Immigration Cost fr=0.0333
Immigrant Relative Productivity a=1.0315
Fixed offshoring cost fo =0.1065

increases imports from offshore affiliates. On the other hand, imports from non-affiliated foreign
firms fall.

6 Calibration

In order to study the dynamics numerically, we calibrate the parameters of the model under the
assumption that the steady-state Home economy mimics the U.S. and Foreign mimics India during
2004 — 2017 period. The immigration policy cap was binding during this period. We interpret each
period as a year to accommodate the annual allocation of the H-1B visa cap. We calibrate the
parameters that pertain to immigration to match U.S. data from the Current Population Survey
(CPS) and the United States Citizenship and Immigration Service (USCIS). Foreign labor supply
parameters are calibrated to match education-wise labor available using data from the Indian
Census. The steady-state aggregate productivity of the Home country Z is normalized to 1, and

that off Foreign is set to 0.4 to match the average relative productivity data from the Penn World

18



Tables.

The immigration cap N, is set to 0.0022 in order to match the average cap imposed by actual
policy (85,000) as a proportion of the normalized average domestic skilled labor in the U.S. Domestic
unskilled labor supply is calibrated to 1.72 (given the normalization of domestic skilled labor supply
to 1) to match the share of domestic workers in the U.S. with less than a bachelor’s degree of 34
percent. We rely on existing literature for some parameters. We set § = 0.96, which implies an
annual real interest rate of 4 percent. Following Ghironi and Melitz (2005), we set the elasticities
of substitution across product varieties equal to 3.8. The exogenous return shock to Foreign is set
to 0 = 0.1, in order to match the annual return migration rate of 10% (North 2011).

We normalize iceberg trade cost 7 to 1.2 and jointly calibrate {«, N}, fr, a, fo} to minimize the
squared residuals between model moments and targets in Table 3. Data on offshore labor, total
labor employed domestically, and trade between affiliates and non-affiliates in the Professional,
Scientific, and Technical Services sector is taken from the Bureau of Economic Analysis (BEA).
Data on exports and imports in skilled service sector (Professional, Scientific, and Technical Services
sector) is calculated from the Bureau of Economic Analysis Input-Output Use Tables for 2004-2017.

* k%

In the model, the ratio of exports to imports is given by Qp.y./[(Qrowile/Z*) + (N piys)], i-e.
the total exports to non-affiliated firms as a proportion of total imports, where N p;y; is the total
imports from non affiliated foreign firms and Qr,wl,/Z* is equivalent to the imports from offshore
affiliated firms.

The resulting parameter values are highlighted in Table 4. In the baseline calibration, the

iceberg offshoring cost is set equal to the iceberg trade cost.

7 Model vs Data Trends

Before we present the numerical results related to the welfare impacts, we want to confirm that the
model generates trends that are consistent with the data. Therefore, in this section, we compare
trends related to offshore labor hiring and imports from affiliated foreign firms in the skilled services
sector in the data with our model predictions. To do this, we compute the productivity of the U.S.
and India using real GDP data from 2004 to 2017 and re-calibrate Z; and Z; in each period to match
the productivity growth. We keep the values of the other parameters constant when generating
the model trends. The trends generated using the calibrated model are broadly consistent with
the data as seen in Figure 4, where values were rebased to 100 for the year 2011. In Panel A, the
level of offshore labor hiring corresponds to [, in the model. The data trends measure the number
of employees in U.S. offshore affiliates in the Professional, Scientific, and Technical Services sector
(BEA data on Activities of U.S. Multinational Enterprises).

Panel B plots imports from affiliated firms in the model vs. data. The model variable is the
value of the imported component of output from offshore affiliates (Q:7ow5 1ot/ Z; or equivalently
Wgtlot/Zt). The measure in the data corresponds to real imports from affiliates, again computed

from the BEA data on trade in services.
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A. Offshore Labor Hired B. Imports from Affiliates
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Figure 4: Offshoring: BEA Data vs Model

8 Transition Dynamics and Welfare Results in the Baseline Model

In this section, we solve the calibrated model numerically to compute the dynamics and welfare
impacts of policy changes. In Section 8.1, we study the responses to a stricter immigration policy
by considering an immigration cap reduction. In Section 8.2.1, we compute the welfare effects of
a 10 percent cap reduction on domestic households and discuss how the results depend on the

offshoring channel. In Section 8.2.2, we study the welfare impact of changes in trade and offshoring

policies.

8.1 Dynamic Response to a Permanent Cap Reduction

Our main counterfactual exercise studies the impact of a stricter skilled immigration policy. We
study the responses (deviation from the steady state) to a deterministic, 10% cap reduction. The
blue solid lines in Figures 5 and 6 give the dynamic responses in the baseline model in which we
allow the level of offshoring to adjust. From Figure 5, we see that a tighter immigration policy leads
to a decline in the fraction of immigrant workers that firms can employ at Home. This is reflected
by a decline in the probability u of being able to hire a skilled immigrant worker. The reduction
in the stock of domestically available skilled labor leads to a rise in Home skilled wages, which
causes domestic firms to substitute for Foreign labor through an increase in offshoring. However,
because of the iceberg offshoring costs and relatively lower productivity in Foreign, firms do not
completely substitute immigrant labor with offshore labor. Therefore, the increase in offshore labor
does not offset the decline in immigrant labor, and the total output produced by the intermediate

sector in Home falls, which leads to lower firm profits. Additionally, Home unskilled wages fall due
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to lower demand for unskilled labor by final good producers as unskilled labor and skill-intensive
intermediate goods are complementary in the production function. In the Foreign economy, a larger
available supply of skilled labor leads to lower skilled wages. A larger labor supply also implies a
larger demand for the Foreign consumption good, which leads to a higher demand for Home and
Foreign intermediate inputs and higher unskilled wages in Foreign.

In summary, when firms adjust the level of offshoring in response to a stricter immigration
policy, part of the decline in skilled immigrant labor is offset by an increase in labor hired offshore,
which is consistent with the empirical evidence.

To gain some insights regarding the importance of the offshoring channel, we study the responses
to the same immigration policy change after fixing the level of offshoring to the initial level in the
baseline case before the cap change. Therefore, in the second case, we shut down the adjustment in
offshoring and study the economy’s responses to a 10% immigration cap reduction. The red dashed
lines in Figures 5 and 6 plot the responses. From Figure 5 we see that while the stock of immigrant
skilled labor declines in both the baseline case (solid blue line) and the constant offshoring case
(red dashed line), the offshore labor hired adjusts only in the first case. Since firms do not adjust
their offshoring level in the second case, domestically produced intermediate output falls by more.
Moreover, Home skilled wages rise by more. Figure 6 shows that when we shut down the adjustment
in offshoring, Foreign intermediate skilled output (produced by non-affiliated firms) rises by more
as they are able to employ more skilled foreign labor. However, in the baseline case, more Foreign
skilled labor gets employed in the offshore affiliated firms following the decline in the immigration
cap, and Foreign non-affiliated firms are not able to expand as much.

As discussed in Proposition 2, the impact of offshoring on imports depends on whether or
not we consider the adjustment in offshore labor hiring. As seen in Figure 5, there is a similar
qualitative difference in the impact on domestic exports. Therefore, the impact of immigration
on trade crucially depends on the offshoring channel. For the case in which firms do not adjust
offshoring, domestic exports fall, and imports from non-affiliates increase. This is because domestic
production of intermediate goods falls after a tighter skilled immigration policy. However, when
we do account for the adjustment in offshoring, domestic exports increase and imports from non-
affiliated firms fall, even though there is an increase in imports from affiliates as a larger part of the
output is produced offshore. Imports from Foreign non-affiliated firms fall as more foreign skilled
labor is employed in offshore affiliates, and labor employed in foreign non-affiliated firms falls, which
leads to lower output produced in Foreign non-affiliated firms. Therefore, domestic intermediate
firms are relatively more competitive than Foreign intermediate firms when firms adjust offshore
labor hiring. This leads to a decrease in imports from non-affiliates and an increase in exports from

domestic intermediate firms. The impact on imports is consistent with proposition 2
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Table 5: Welfare Impact of 10% Immigration Cap Reduction

Home Households Skilled Unskilled Entrepreneurs
Panel A. Baseline model: profit earners — home skilled workers

Benchmark — offshoring —0.0099 —0.0773

Counterfactual — constant offshoring  —0.0088 —0.0762

Panel B. Alternative model: profit earners — entrepreneurs
Benchmark — offshoring 0.0564 —0.0773 —0.0702
Counterfactual — constant offshoring 0.0668 —0.0762 —0.0776

Note: Values reported above are in percent of initial steady-state consumption.

8.2 Welfare Analysis
8.2.1 Immigration Policy Change

We calculate welfare impacts after a 10%, perfect foresight reduction in the immigration cap. The
welfare gain or loss for each type of domestic household from the immigration policy tightening is
computed as the percentage change (A) in initial steady-state consumption that would leave the
households indifferent between the initial policy and the new policy with the lower cap when the
new policy is implemented at time ¢ = 0. Transitional dynamics have been included in welfare

computations. Thus, A solves:
u((140.01A)C)) = (1= 8) Y B'u(Cjs), V) € {d,u}.
t=0

From Panel A in Table 5, we note that under the baseline model where native skilled households
get firm profits, a 10 percent immigration cap reduction leads to approximately a net 0.01% decline
in native skilled welfare. As discussed in Section 8, a stricter domestic skilled immigration policy
leads to higher domestic skilled wages but lower firm profits. The welfare of domestic skilled workers
falls because the decline in firm profits outweighs the increase in skilled domestic wages. In order
to separate out the effects on wages and profits in the welfare calculations, we analyze the welfare
effects of an alternate profit distribution scenario in Panel B of Table 5. For the alternate profit
distribution scenario, we introduce a new type of household, the entrepreneurs. The entrepreneurs
own the firms and therefore are profit earners. Their budget constraint is given by Ce; = d;, and
the new Home skilled household’s budget constraint is Cs; = ws . Therefore, the new stochastic
discount factor for the firms is fi; = Bu/(Ce )/t (Cey)].

The alternate profit distribution scenario results confirm our intuition that domestic skilled
workers experience higher wages and welfare gains, while firm owners experience a welfare loss
despite adjustment in offshoring, which offsets some of the firm losses. As mentioned before, iceberg
trade costs and lower productivity in Foreign prevent them from a 1:1 adjustment in offshoring after
an immigration cap reduction. From Panel B of Table 5, we see that the welfare gain from a 10%

immigration cap reduction to domestic skilled workers due to higher wages is approximately 0.056%,
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while the loss to entrepreneurs due to lower profits is approximately —0.07%.

In both profit distribution cases, the welfare loss to domestic unskilled households is —0.0773%.
Unskilled workers at Home are hurt after a skilled immigration cap reduction due to the decline in
domestic consumption demand, leading to a decrease in demand for unskilled labor and unskilled
wages.

Through this analysis, our counterfactual exercise intended to emphasize the importance of
accounting for the adjustment in offshoring by domestic firms after a change in immigration policy.
Therefore, we also compute welfare impacts for the case where we keep the level of offshoring
constant, following a cap change, i.e., we shut down the adjustment in offshoring.?> We expect
that if we do not account for the change in the offshoring level, firms are likely to be hurt more by
the cap reduction, and Home skilled households are likely to gain more because of higher pressure
on skilled domestic labor markets and a larger increase in wages. We can confirm this when we
separate the welfare effects on domestic skilled workers and entrepreneurs in Panel B of Table 5. In
the counterfactual case where we keep the level of offshoring constant, the gain to domestic skilled
workers is approximately 18.4% higher than in the baseline case where firms adjust their offshore
labor hiring. Therefore, we would estimate a greater increase in domestic skilled wages after an
immigration cap reduction if we ignore the offshoring channel. Our results highlight the importance
of accounting for the adjustment in offshoring when studying the impact of immigration policy
changes as we would be exaggerating the welfare benefit to skilled workers if we do not account
for this channel. Domestic entrepreneurs also lose by more when they do not adjust offshore labor
hiring — their welfare loss is approximately 11% higher in the counterfactual case where we shut
down the adjustment in offshoring.

To summarize, a stricter skilled immigration policy hurts unskilled workers and entrepreneurs
but benefits skilled domestic workers because of higher wages. However, the gains to skilled domestic
workers are overestimated if we do not account for offshore labor hiring adjustment following the
stricter immigration policy. Therefore, it is important to consider the offshoring channel when

evaluating skilled immigration policy changes’ welfare effects.

8.2.2 Trade and offshoring Cost Changes

Given the increasing global trends towards protectionism in trade and re-nationalization of global
supply chains, we analyze the impact of stricter trade policies. Since we have two trade channels
(between affiliates and non-affiliates), we study three different policy changes. First, we study the
effect of a stricter offshoring policy that would make it costlier for multinationals to import output
back from affiliated firms in the foreign economy. To do this, we study the impact of a 1% increase
in the iceberg offshoring cost (7,). Second, we study the effect of a stricter overall trade policy

that would affect exports and imports between non-affiliated foreign and domestic firms. For this

22The complementarity between skilled and unskilled workers in the model arises from the final good consumption
basket.

23We keep the calibration the same as the benchmark model. However, we keep the level of offshoring fixed at the
initial steady-state level before the change in the cap.
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Table 6: Welfare Impact of 1% Increase in Trade or Offshoring Costs

Home Households Skilled Unskilled Entrepreneurs
Panel A. Baseline model: profit earners — home skilled workers
Offshoring costs only —0.0065 —0.0048
Trade costs only —0.0789 —0.0792
Trade and offshoring costs —0.0866 —0.0852
Panel B. Alternative model: profit earners — entrepreneurs
Offshoring costs only 0.1768 —0.0048 —0.1733
Trade costs only —0.1114 —0.0792 —0.0492
Trade and offshoring costs 0.0622 —0.0852 —0.2220

Note: Values reported above are in percent of initial steady-state consumption.

exercise, we consider the impact of a 1% increase in the iceberg trade cost (7). This would make it
costlier to export and import intermediate goods and affect both the domestic skilled intermediate
and the final good sectors. Finally, we consider a policy change that increases both the trade and
offshoring costs by implementing a 1% increase in both 7 and 7,.

The welfare implications are detailed in Table 6. Panel A includes results in the baseline model
where domestic skilled households earn firm profits, while Panel B separates the results for workers
and firm owners by adding an entrepreneur household, similar to Section 8.2.1. The welfare results
indicate that higher offshoring and/or trade costs hurt both wage and profit earners. An important
exception is the wage gain to domestic skilled households after an increase in offshoring costs, as
seen in Panel B. Higher costs of offshoring incentivize firms to produce a larger component of their
output domestically, which increases the demand for skilled workers in the Home country. Since the
supply of domestic skilled workers is inelastic and the immigration cap is fixed, there is pressure on
skilled wages at Home to increase, which leads to wage gains for domestic skilled workers. However,
the total output produced in the domestic intermediate goods sector falls, and domestic firms lose
due to lower profits. Moreover, the losses to firms outweigh the gains to domestic skilled workers —
domestic skilled households witness overall welfare losses in the baseline model (Panel A of Table 6).

A stricter trade policy unambiguously hurts all domestic households — skilled, unskilled, and
entrepreneurs, when offshoring policy is unchanged. This is the case even when we separate out
entrepreneurs in order to study the effects on wages and profits separately in Panel B of Table 6.
Domestic skilled wages, unskilled wages, and firm profits fall, which generates a welfare loss to
households. An increase in the iceberg trade cost hurts the final goods sector and reduces imports.
The domestic intermediate good sector is not as badly hurt in this case since domestic sales increase.
However, since foreign skilled wages fall, domestic firms end up increasing their offshore labor
hiring, which reduces domestic skilled wages. Unskilled wages at Home also fall due to a lower
overall basket of skilled intermediate used in final goods production. There is also a decrease in
final goods sector profit. In the third case that combines the effects of the previous two cases

(simultaneously higher trade and offshoring costs), the net effect is unsurprisingly higher losses to
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skilled and unskilled households. However, in this case, Panel B indicates that when we separate
out workers and entrepreneurs. We see overall gains to domestic skilled workers due to higher wages
(caused by higher offshoring costs).

In summary, stricter trade and/or offshoring costs, in general, seem to hurt domestic households.
However, the magnitudes and the channels depend on the which policy is implemented, and the

interaction between trade and offshoring.

9 Conclusion

This paper introduces a two-country dynamic general equilibrium model with skilled immigration,
offshore labor hiring, and trade in skill-intensive intermediate inputs. We solve the model analyt-
ically and then employ the calibrated model to study the interaction between skilled immigration
policy changes in the U.S. and offshore labor hiring. In the model, a lower skilled immigration cap
increases offshoring at the intensive margin. We show that it is crucial to consider firm adjustments
in offshore labor hiring following an immigration policy change. In particular, if we do not account
for an adjustment in offshoring, we would overestimate the positive effect on wages of domestic
skilled workers after an immigration cap decline. Much of the current literature has ignored this
channel when evaluating the welfare impact of skilled immigration policy changes. However, given
recent debates surrounding stricter skilled immigration policies, it has become even more important
to consider firm responses that would potentially offset the impact of the policy changes.

We also show that it is essential to account for firm adjustment in offshoring following an immi-
gration policy change when evaluating the impact of immigration on trade. The paper highlights
the importance of considering the general equilibrium relationships between migration, trade, and
offshoring when designing immigration and trade policy changes. The model is a first step in

studying these interactions in a macroeconomic general equilibrium framework.
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Appendix
A H1-B Program: Institutional Framework and Background

Since the implementation of the H1-B visa program in 1990, it has been the main method of entry
into the U.S. workforce for foreign college educated professionals. Table 77 shows that H1-B visa
holders constituted 66 percent of all skilled foreign entrants in 2014. A significant proportion of H1-
B recipients (over 70 percent) are from emerging economies — India and China. The other major
visa categories for foreign skilled workers are L-1 (for transfer of employees across multinational
firms) and TN (visas for Canadian and Mexican NAFTA professional workers). The proportion
of entrants from the latter two visa categories has been increasing since 2001, but the H1-B visa
program still remains the dominant entry mode. Thus, most studies that analyze the impact of
skilled foreign workers in the U.S. focus on the H1-B visa program. Though the H-1B visa is a
temporary visa as it is issued for three years (and can be renewed for another three years), it is
a dual intent visa as it can lead to permanent residency if the employer is willing to sponsor the
worker for a green card.

Table A1l: Major Entry Routes for Foreign Skilled Workers (2014)

Visa Category
H1-B L-1 TN
Proportion of Total — 66.1 % 29.3 % 4.6 %

Source: U.S. Department of State

The H1-B program has been subject to an annual quota on new visa issuances. The initial visa
cap was 65,000 which was subsequently increased to 115,000 in 1999 and 2000, after the cap was met
in 1997. The cap was further increased to 195,000 for 2001 through 2003. In 2001, cap exemptions
were introduced for higher education employees, non-profit, and government research organizations.
In 2004, the cap was reduced back to 65,000, but 20,000 additional visas were allocated for workers
who had obtained a master’s degree or higher from a U.S. institution. The cap applies only to new
H1-B visa issuances for for-profit firms.

In order to obtain an H1-B visa, there are several steps to be followed, and firms are central
to this process. The first step requires the firm that wants to hire a foreign worker to file a Labor
Condition Application (LCA) with the department of labor. In the application, the firm specifies
the nature of occupation and attests that the firm will pay the worker the greater of the actual
compensation paid to other employees in the same job or the prevailing compensation for that
occupation. The rationale given for this attestation is to help protect domestic worker wages.

LCA forms can request one or more foreign workers for a particular occupation, and thus they
signal firm vacancies in specific occupations for foreign workers. LCAs are processed relatively
quickly, and so firms can file them either after hiring workers or in anticipation of hiring. However,
there are some limitations to using the LCA database. The LCA database contains records for
every request submitted, but this is only an intermediate step in the process towards the final visa
approval. An LCA is submitted for every H-1B request, whether new or a renewal, and each LCA
can contain multiple H-1B workers. A more conservative estimate of the demand for foreign skilled
workers would be to count each LCA filed as a request for one employee. Plotting the total number
of LCAs filed as compared to Figure 7?7 that plots the total number of employees requested in LCAs
filed each year does not change the main motivation regarding business cycle correlation and rising
excess demand during expansionary periods.
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Once the LCA has been approved by the Department of Labor, it is sent to the United States
Citizenship and Immigration Services (USCIS), along with the I-129 form?* and the required visa
fees. This is the final step and firms have from April 1st until the beginning of the next fiscal year
to file petitions for H1-B visa applications. The crucial fact is that employees can apply for an
H1-B visa only if they have a job offer from an employer with an LCA approval. The employer
cannot file more than one 1-129 for the same prospective employee. The employer bears most of the
filing and legal fees. If the number of H1-B visa petitions (I-129 forms) that fall within the non-
exempt category exceeds the cap, the USCIS randomly selects visas for processing via a lottery
system until the cap (65,000) is reached. The total number of petitions filed does not give an
indication of the true demand because the government stops collecting H1-B petitions once it has
determined that the cap has been reached for a given year. The filing fees paid for the unsuccessful
visa applications are returned (unless it is discovered that multiple H1-B petitions are submitted
for the same employee).

In recent months, the Department of Homeland security has been in the process of amending its
regulations governing the process by which the U.S. Citizenship and Immigration Services (USCIS)
selects H1-B petitions for the filing of the H1-B cap subject petitions. The proposed idea was to first
select applications/registrations based on the highest Occupational Employment Statistics (OES)
prevailing wage level. Firms who want to submit H1-B petitions would have to file a registration.
When applicable, the USCIS will rank and select registrations based on wage levels. Effectively,
even though there is still a cap on foreign workers, priority will be given to workers that are offered
a higher wage within the relevant occupation category. The goal is to “incentivize H-1B employers
to offer higher wages, or to petition for positions requiring higher skills and higher-skilled aliens
that are commensurate with higher wage levels”. However, the new administration has put the
new ruling on hold for now.

B Home Intermediate Goods: Derivation of Optimality Conditions

Each firm optimally chooses p1¢, pzts Y1,ts Yoty Negts Lri+1, log, and lg, given the goods market
clearing, domestic and foreign demand for intermediate inputs, and the law of motion for foreign
skilled workers. Firms discount future real profits using skilled households’ discount factor as they
own the intermediate firms.

B> ﬁk,t{pl,k(w)ym(w) + Qkpa k(W)Y k()
k=t
~ fraVe () ~ 0 760 + a2 )] - Qi lon) + Fon/ 23]
where the inter-temporal discount factor that the firm applies to its profits is i ; = Su/(Cs 1)/t (Cs t)

since domestic skilled households are assumed to be the firm owners. A Home intermediate firm w
maximize expected discounted profits subject to:

L Zillar(w) + alpe(w)] + ZFlo i (w)/To = Y1,6(W) + Tyt (w)

2. y14(w) = [M}*¢mt

Pm,t

3. Yas(w) = [pmi(w)} —¢m:

*
pm,t

24This proves the worker’s qualifications
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4 Lo (@) = (1= 8) () + peNe ()]

Let ¢, (t, 1, At, be the Lagrange multipliers on the constraints. The first order conditions with
respect to lfi11, Ney, log, lage, Pt Y1ty Pty Yoe are given by:

Et{/Bul<Cs,t+1)< — Ws 41 + a1 Zip1 + (1 — 5>)\t+1) } — ¢/ (Csp) = 0 (B1)
— Jre+A(1 =6 =0 (B2)
—Qul + 2 =0 (B3)
—Wst + Zypy =0 (B4)
Yt = (1) my ) (pmy)? =0 (B5)
pri— Y1 — G =0 (B6)
Qe — 1D (prt) * 7 mi /() ? =0 (B7)
Qtprt — T14 — 1 =0 (B8)
Combining Equations (B1) and (B2), we get:
I (1= o PO (s - wnn + L2251} (89)

Combining Equations (B3) and (B4), we get:

7—06215

k
ws,t o ws,t
E

= . B1
=7 (B10)

Using Equations (B9), (B10), and (B4), we can get Equation (9) in the main text. Combining
Equations (B5) and (B6), we get:

¢ Ws,t
=_r = B11
L= 517, (B11)
Combining Equations (B5) and (B6), we get:
¢ Ws,t
= —— B12
=517, (B12)
Combining Equations (B4), (B7), (B8), , and (B12) we get:
pos = Q1 TP (B13)
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C Solution of Baseline Model

Since our focus is on analyzing how changes in skilled immigration policies influence firms’ off-
shoring decisions, this section gives some intuition regarding the relationship between the level of
offshore labor hiring [/, ; and the policy-imposed, skilled immigration cap at Home. We also prove
Proposition 1 in this section.

We can solve for [,; explicitly. What helps us pin down this variable is the link between
foreign and domestic skilled wages that is obtained through the offshoring condition: ws+/Z; =
Qurowt, /2 5

Using this condition and the intermediate sector price setting equations (for p1¢, pu . P14 and
Pr+), we can get the followings.

To «

pLi = P (C14)
Pzt = TOT/)T,t (015)

This means that if 7, < 7, the ability to offshore reduces the domestic price of the skilled
intermediate compared to the imported intermediate. However, the domestic intermediate good’s
export price is still higher than the Foreign intermediary because of both the iceberg costs.

This relationship between domestic and import prices in each country links the demand for
domestic and imported intermediate goods. Note that domestic and import demand for Home and
Foreign intermediate goods is given by:

—¢
Yyie = (pu) my (C16)
Pm.t
LA
* 1, *
Ve — <*t> my (C17)
pm,t
—¢
Yot = (pf’t> m; (C18)
pm,t
N -9
You = (pw) my. (C19)
Pm.t
Using Equations (C14). (C16), and (C19), we can get:
. To\?
Yop = (7) Y1t (C20)
y{t = (TTo)d)yx,t (CQl)

)

We will be using these demand relationships in the solution. Implicit in the solution is that both
countries have the same constant markups over marginal cost. Also, the offshoring optimality
condition requires that the marginal cost of production at Home and in the offshore affiliate is
the same across both countries. This also assumes that the Foreign skilled workers in the offshore
affiliate and in the Foreign intermediate are paid the same skilled wages, i.e., perfect labor mobility
between the two types of firms.

25In the analytical solution, we allow for differences in the iceberg offshoring cost 7, and trade cost 7.
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Consider the trade balance equation:

*

Qtpx,tyz t Nd px tyz R Qtws tlot + Qtfo S* . (022)
t

Substituting for prices, this can be written as:

*

W
QtTO (st) ymt Z* - thT(bd) yxt Z* - Qtws tht +Qtfo Z* ; (023)

which can be simplified as:

ToTYx,t — NdTym = L ” Zilos + L p fo- (C24)
Using Equation (C20), we get:
« [To\? -1_, —1
ToTYz,t — NdT <?O> Y1t = (Z)(bZt loﬂg + (Z)(Zﬁfo. (025)
Consider the Foreign intermediate goods market clearing:
ZHLE =gt = Jor = lod) /NG = Y14 + Tyrs. (C26)
Using Equations (C20) and (C21), we can get
* (T % * o) To ¢
Z{(Lg =l = for —log) /NG = (T70) Yap + 7 (7) Yt (C27)
Equivalently,
- N; Nj To\®
=l — for —log = 7 — 4 (770) Yt + 7" (*O) Y- (C28)
Also, consider Home intermediate goods market clearing:
Zy(L+algt) + Zilot/To = Y1t + TYat- (C29)

In this framework, the stock of skilled foreign workers is determined by the entry cap (as the
cap is binding) as well as the exogenous probability of return. This is because l7; = (1 —9)(lf¢—1+
pt—1Net—1) and pp—1Neg1 = Neﬂf. Therefore we take ly; as exogenous and solve for [,; as a
function of the stock of foreign skilled labor. Then, the system boils down to Equations (C25),
(C28), and (C29) in three variables (lo ¢, Y1.t, Yz,¢). These are summarized below:

¢ — ¢—1

N (T”)¢ o=l 221 (C30)
ToT - T | — =
oTYz,t d - Y1t gb tlo,t qb o
Lg— lf,t - fo,t - lo,t = " (TTO) Yzt + 5 (£> Y14 (C31)
Z; Z
Zi(L4alpy) + Zfloy/To = Y1t + Tl (C32)

These equations highlight the interlinkages between input demand (domestic and foreign), off-
shoring, and immigration (under the binding cap). By using them, we get the solution in Equa-
tion (15).
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To show that the coefficients of Equation (15) associated to L%, [ f,t» fo, and relative productivity
Zi|Z} are positive, it is sufficient to show that A — Z72?~1 > 0.20 Since A = 7—¢—1/(N;Tg>) and
E={rn[l + N;(TTO)‘Zﬁ*l]}*l, we can get:
ré-1r¢

TN [+ N ()]

> 0.

Therefore, we get that offshore labor hired [,; is increasing in the availability of skilled labor
in Foreign (L?), decreasing in the stock of immigrant skilled labor (I7;), decreasing in the fixed
offshoring cost f,, and decreasing in relative productivity at home Z;/Z;.

Further we can solve for y; ; and y1; as: Equation (16) and

(¢—1)
P70

Zi

P70

1
—— | Z(1 l
e esrel At

To

Y1t = lo,t - fo . (033)

26This may not be sufficient for the coefficient on f, if Z; > 1 but we rule this out. We normalize Z* = 1 in the
baseline calibration and calibrate Z* accordingly.
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D Additional Figures

— A. Earnings of Native vs Foreign Born B. Skill Permium in US
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Figure D1: Immigrants’ Earnings and Skill Premium 2004 — 2017

Notes: We define skilled as those individuals with a Bachelor’s degree or higher and thus, unskilled as those without
a Bachelor’s degree.
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