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This dissertation studies the impact of skilled immigration and skilled immigration policy
changes in the U.S. Chapter 1 studies the macroeconomic general equilibrium effects of
skilled immigration policy changes by explicitly taking into account the role of firm demand
for foreign skilled labor. To this end, I develop a two-sector dynamic stochastic general equi-
librium model with monopolistically competitive firms and heterogeneous workers. Unlike
most previous studies that view immigration as a supply-induced shock, the paper models
skilled labor immigration as an endogenous response to an increase in firm labor demand in
the receiving economy. The model is calibrated to mimic the U.S. economy with its current
immigration policy: Firms face hiring costs and there is an occasionally binding cap on the
foreign skilled workers that can be hired each period. The results indicate that a less re-
strictive skilled immigration policy via an immigration cap increase leads to heterogeneous
effects on skilled and unskilled workers — unskilled domestic workers gain but skilled do-
mestic workers lose. However, the magnitude of the welfare impacts depends on the state
of the economy at the time of the cap change and also on the structure of the labor market
(presence of search frictions). This paper also evaluates the welfare and efficiency gain from
moving toward an alternate skilled immigration policy with a market-driven allocation of
permits for hiring skilled foreign workers. Such a policy increases welfare and brings the

economy’s allocation closer to the social planner’s first-best allocation.



Chapter 2 studies the interaction between skilled immigration policy changes in the U.S.
and the offshoring decision of domestic firms in the skilled services sector. Given the sub-
stitutability between immigrant and offshore workers (Ottaviano et al. (2013), Olney and
Pozzoli (2018), Ottaviano et al. (2018)) and frictions imposed by the current skilled im-
migration policy, firms have an incentive to incur additional costs and hire labor offshore.
To study this channel and the associated welfare impacts on skilled and unskilled domestic
households, we build a two-country model with skilled immigration, offshore labor hiring,
and trade in intermediate inputs. Monopolistically competitive firms in the domestic skill-
intensive intermediate goods sector produce output using domestic and immigrant skilled
labor, and skilled labor hired offshore. Firms optimally hire immigrant skilled workers sub-
ject to a policy imposed cap, a sunk hiring cost, and an exogenous probability of return to
the foreign economy. In the calibrated model, firms adjust their production towards higher
offshore labor hired following a stricter domestic immigration policy . We show that it is
important to account for the role of offshoring when evaluating the welfare impacts of skilled
immigration policy changes on domestic households — by ignoring firm adjustments in off-
shore labor hired, we would overestimate the wage (and welfare) gain to domestic skilled
households after an immigration cap reduction. We also show that the welfare impacts de-
pend on the profit distribution across households and the presence of labor market frictions.
This paper has two main contributions. First, as Ottaviano et al. (2018) note, much of
the literature has focused on offshoring in the manufacturing sector and ignored an analy-
sis of immigration and offshoring in the services sector. Given the growing importance of
skill-intensive services trade, our paper takes a step in this direction. Second, unlike much
of the literature, the paper studies the interaction between immigration and offshoring in a

dynamic general equilibrium model with a realistic skilled immigration policy setup.

Chapter 3 estimates key parameters in a search and matching model with skilled immi-

gration using Bayesian estimation techniques using U.S. quarterly data from 1995 to 2017.



Results indicate that the bargaining power of native skilled workers is higher than the bar-
gaining power of foreign-born skilled workers. The estimation results also indicate deviations
from the Hosios condition. This has potential implications for how the economy responds to
immigration policy changes. The future goal is to employ the estimated model to study the

impact of skilled immigration policy reform.
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Chapter 1
SKILLED IMMIGRATION, FIRMS, AND POLICY

Mishita Mehra
1.1 Introduction

There has been a rapid increase in the number of foreign skilled workers in the U.S. labor
force. Among all foreign-born individuals, those with at least a bachelor’s degree witnessed
the sharpest increase (42 percent) during the 2004 - 2015 period (Figure A.1). The corre-
sponding increase for the native born in the same skill group was 26 percent. This led to an
increase in the proportion of college-educated foreign born in the U.S. labor force from 14
percent to 16 percent (Figure A.2).!

Firm demand for foreign skilled workers has played an important role in generating this
increase. Since its inception in 1990, the H1-B visa program remains the dominant entry
route of foreign skilled workers into the U.S. labor force (Figure A.3).? Firms play a crucial
role in hiring, sponsoring, and incurring costs at each stage of the H1-B application process
for a foreign worker. The first step requires a firm that wants to hire a foreign worker to
file a Labor Condition Application (LCA) with the Department of Labor in which one of
the items that they need to specify is the number of foreign workers they would like to hire

for a particular occupation. These LCAs signal vacancies or firm demand for foreign skilled

LOver a longer horizon of two and a half decades, the foreign-born share of the total population with a
bachelor’s degree in the U.S. labor force increased from 10 percent in 1990 to 17 percent in 2015 (U.S.
Census Bureaus 1990 and 2000 Decennial Census). Data from 2004 - 2015 is complied from the Cur-
rent Population Survey (CPS). Foreign born in this survey include legally-admitted immigrants, refugees,
temporary residents and temporary workers, and undocumented immigrants. However, the number of un-
documented unskilled immigrants is likely to be underreported. In this study, I do not distinguish between
foreign born and immigrants even though the legal definitions are different.

2The Appendix discusses details on the H1-B visa program.



labor. However, the actual number of visas issued to foreign workers is determined by a
policy-imposed cap.

The gap between firm demand, measured by the number of workers requested in the LCAs
filed, and visas issued tends to grow during expansionary periods (Figure 1.1).®> Moreover, the
visa cap was met in each year since 2004, in less than a week in seven of those years (Figure
1.2), and visas for foreign skilled workers were allocated according to a lottery process.t
These facts indicate that there is a strong demand for foreign skilled workers that is not
accommodated by the current immigration policy.

The role of firm demand of foreign skilled workers and the current allocation mechanism of
foreign workers across them have implications for how an increase in skilled immigration and
changes in immigration policies impact the aggregate economy. However, these implications
are not fully understood in the current literature since most studies view immigration as a
supply-induced shock.

Motivated by these facts, the goal of this paper is to the address the following questions
within a macroeconomic general equilibrium framework: First, what are the determinants
of firm demand for foreign skilled workers and what are the impacts of an increase in skilled
immigration on labor market outcomes, output, and welfare of domestic households? Second,
can an alternate immigration policy in which the government allocates the same quota of visas
according to a market-driven allocation of permits increase welfare of domestic households?
Specifically, would such a policy close the gap between the decentralized economy’s allocation
and the efficient allocation chosen by a social planner?

To this end, I develop a two-sector dynamic general equilibrium model with uncertainty

in aggregate productivity. This is the baseline model in the paper. Heterogeneous monopo-

3An 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 may be to
count each LCA filed as a request for one employee. Analyzing the total number of LCAs filed as compared
to Figure 1 that plots the total number of employees requested in LCAs filed does not change the main
motivation regarding business cycle correlation and rising excess demand during expansionary periods.

4Firms have from April 1st until the beginning of the next fiscal year to file petitions for H1-B visa
applications.



listically competitive firms in the skill-intensive sector produce output by employing skilled
domestic and foreign labor. The main incentive for hiring foreign labor in the baseline model
is the inelastic supply of domestic skilled labor.? Skilled labor immigration is modeled as an
endogenous response to an increase in firm labor demand in the domestic economy, subject
to immigration policy restrictions that mimic current U.S. policy: Firms face hiring costs
and there is a cap on the number of foreign workers that can be hired each period. This cap
binds when economic conditions are such that the aggregate demand for foreign labor ex-
ceeds the policy-imposed quota. If the cap is met, the endogenously determined probability
of being able to hire each foreign worker is less than one. This is the allocation mechanism
of foreign workers across firms in the baseline model. Firms take into account these im-
migration policy restrictions and optimally choose to hire foreign labor until the expected
discounted benefit from hiring foreign skilled workers is equal to the expected cost. Since
a significant proportion of foreign skilled workers on an H1-B visa are temporary workers,
the model allows for an exogenous probability of return to the country of origin. Revenue
from immigration policy is collected by the government and transferred to domestic house-
holds. Perfectly competitive firms in the second sector employ unskilled labor to produce a
homogeneous product.® In the labor market of the baseline model, other than sunk hiring
costs and the role of immigration policy, there are no other frictions. In an extenstion to the

model, I also explore how search and matching frictions alter the results.

The baseline model matches and explains evidence regarding U.S. labor markets. More
productive firms demand more skilled labor. Moreover, the probability of hiring foreign

skilled labor reduces during expansionary times. I calibrate the main parameters of the

5This assumption is relaxed in the extended model with search and matching frictions.

6This two-sector model is qualitatively similar to a one-sector version of the model in which firms hire both

skilled and unskilled workers. In the two-sector version, complementarities between skilled and unskilled
workers exist through the consumption basket, while in the one-sector version, these complementarities
exist through the production technology. In the context of a model studying skilled immigration, it is
realistic to separate the two sectors as more than 70 percent of the Labor Condition Applications are
requested by the relatively skill-intensive NAICS Sector 54 — Professional, Scientific, Technical services
Sector (United States Department of Labor ).



baseline model that pertain to immigration to match the U.S. economy during the 2004 -
2014 period. I then employ the calibrated model to study dynamics of economic variables in
response to productivity shocks and changes in immigration policy. I calculate the welfare
effect on domestic households of an increase in the policy-imposed cap. I also study how
this welfare impact quantitatively depends on the realized state of the economy at the time
of the cap change. This experiment is motivated by the fact that the cap has been non
binding during certain, especially recessionary periods. For instance, the cap was increased
to 195,000 between the 2001 to 2003 period, during the start of which the economy entered a
recessionary phase. The cap did not bind during this period as firms did not increase hiring

by the full amount of the cap increase (Figure 1.2).7

The results highlight some key insights that emphasize the importance of focusing on
the role of the firm when studying skilled immigration. Under the baseline policy, unskilled
domestic households gain (due to complementarities that increase unskilled wages) but skilled
domestic households lose (due to substitutabilities that reduce skilled wages) from a ten
percent immigration cap increase. The welfare gain (including transitional dynamics) amount
to 0.0558 percent of annualized steady-state consumption for unskilled workers. For skilled
domestic workers, the welfare loss amounts to 0.0603 percent of annualized steady-state
consumption. An increase in the stock of foreign skilled labor also increases firm output and
profits over time. However, the magnitude and impact of an increase in the cap may depend

on two relatively overlooked factors.

First, the welfare changes for both skilled and unskilled domestic workers are smaller in
magnitude if the cap change is implemented at a time when the economy is transitioning
after a negative productivity shock. In this case, firms do not increase hiring by the full
amount of the cap increase and the foreign labor stock increases by less. Therefore, it is
important to take into account the state of the economy at the time of the cap change in

order to evaluate the welfare implications of an immigration cap change.

"This recession particularly hit the technology sector.



Second, the structure of the labor market is important. The extension of the baseline
model that includes search and matching frictions (with the same immigration policy) shows
that the welfare impact on domestic households differs (qualitatively and quantitatively),
when compared to the baseline model. Even with perfectly substitutable domestic and
foreign workers, an immigration cap increase leads to a higher employment of domestic
skilled workers and an overall positive welfare gain for these workers, despite a fall in their
wages. The welfare gain to unskilled households is also more than double compared to the

baseline model.

The main mechanism behind this is that the cap increase encourages firms to post more
vacancies, and this increases both domestic and foreign matches. In the search and matching
framework, firms can be matched with either domestic or foreign workers (depending on
the relative proportion of job searchers). However, under the current immigration policy,
if the cap binds, firms are able to hire only a fraction of their foreign matches (given by
the probability of an application being selected as in the baseline model). When the cap
increases, this probability increases, and firms are able to retain more foreign matches. This
increases their expected surplus from posting a vacancy. Higher job creation has a spillover
effect on skilled domestic workers as their employment and welfare increase, despite a fall in

wages.

The main result from analyzing the alternate skilled immigration policy with a market-
driven allocation of permits is that such a policy increases welfare of both skilled and unskilled
domestic workers, compared to the baseline model. This is because immigration policy
revenues collected by the government are about 36 percent higher. This has important
implications because it shows that an alternate allocation of the same quota of foreign workers
can potentially increase welfare (if the revenues are used in a productive manner or are simply
transferred to domestic households) and close a part of the inefficiency wedge between the
decentralized economy’s allocation and the first-best allocation chosen by a social planner.
This is particularly relevant if the government wants to keep the cap on skilled foreign workers

unchanged due to political resistance.



This paper has three main contributions. First, it includes a more realistic skilled immi-
gration policy with an occasionally binding entry cap on foreign workers. The results show
that this is relevant for evaluating the welfare impact of a cap change in the U.S. economy.
In contrast, most studies that analyze the impact of skilled immigration policy changes view
immigration as a supply-induced shock. Second, apart from studying the impact of skilled
immigration policy reform via changes in the cap alone, this paper also begins to evaluate the
impact of an alternate skilled immigration policy setup through a market-driven allocation
of permits, which is related to the skilled immigration policy reform proposed in Peri (2012).
Third, by incorporating a more realistic skilled immigration policy setup within the search
and matching framework, the paper shows that even when U.S. and foreign workers are
perfectly substitutable, an increase in the immigration cap can increase welfare of domestic
workers. This is relevant because a key debate in the empirical literature is regarding the
elasticity of substitution between native and immigrants in the same skill group and this is
one of the reasons behind the lack of consensus regarding the impact of immigration on do-
mestic workers (Ottaviano and Peri (2012), Borjas et al. (2008)). However, if labor markets
are imperfectly competitive, domestic workers can gain from an immigration increase despite

perfect substitution between domestic and foreign workers.
1.2 Related Literature

This research adds to the emerging literature that examines the implications of high skilled
migration. This includes Borjas and Doran (2012), Ottaviano, Shih, and Sparber (2015), and
Kerr and Lincoln (2010). The paper is also related to studies that measure the welfare gains
from lowering barriers to labor mobility (Urrutia (1998); Klein and Ventura (2007, 2009);
Iranzo and Peri (2009); Levchenko et. al. (2015); Ehrlich and Kim (2015)). In the context of
DSGE models of international business cycles, the paper is related to Mandelman and Zlate
(2012), who develop a two-country business cycle model with unskilled labor migration.
This paper is also related to empirical studies that highlight the role of firms in the context
of skilled immigration (Kerr et al. (2013) and Ottaviano, Peri, and Wright (2015)). Kerr



et al. (2014) stress the “need to increasingly develop a better understanding of the general
equilibrium effects of skilled immigration with firms as a central element.” Some recent
studies have explicitly focused on the role of firms in a macroeconomic general equilibrium
framework while discussing impacts of skilled immigration. Waugh (2017) studies the impact
of a larger labor force (through an expansion of the H1-B visa program) on dynamics of firm
entry and exit, and the effect on wages, aggregate output, and welfare. Bound et al. (2016)
also use a general equilibrium model to study the effect of an increase in high-skill foreign born
on domestic workers, consumers and firms, during the 1990s. My baseline model is consistent
with their results — skilled immigration reduces wages of domestic skilled households, while
redistributing gains to complements in production. Immigration lowers prices and raises
output and profits of firms in the relevant sectors. However, skilled immigration is modeled
as a labor supply shock in these studies. The explicit focus on the role of firm hiring of foreign
skilled labor leads to some new insights that are relevant for evaluating skilled immigration
policy changes — particularly that the welfare impacts of current immigration policy changes
depend on how firms respond to the policy change, which in turn depends on the realized

state of the economy.

The extended model with search and matching frictions is related to recent literature
that studies the effects of immigration on the welfare of native individuals in a general
equilibrium model featuring search frictions and wage bargaining (Chassamboulli and Palivos
(2014), Battisti et al. (2014), Kingi (2015)). In all these, as long as immigrants have inferior
outside options compared to natives, an increase in immigration raises firms incentives to
create vacancies which benefits all workers, including native skilled workers. My results are
consistent with these papers — unskilled native workers gain unambiguously. Skilled native
workers, on the other hand, gain in terms of employment despite wage losses. However, by
focusing on a more realistic immigration policy that is relevant to the U.S., the extended
version of my model with search and matching frictions is able to capture an additional
channel by which immigration impacts vacancy postings and hence employment of domestic

households — an increase in the immigration cap increases the probability of being able to



retain a foreign match, and therefore the overall surplus from posting a vacancy.
1.3 Baseline Model

The baseline model features a two-sector economy that is populated by skilled and unskilled
households and households with the same skill level are identical. Heterogeneous monopolis-
tically competitive firms (as in Melitz (2003)) in sector 1 (the skill-intensive sector) produce
differentiated goods using domestic and foreign skilled labor.® In the background, there is a
foreign country that is assumed to have a large elastic supply of skilled workers that can be
hired by domestic firms, subject to domestic firm demand and migration policy restrictions
that mimic U.S. immigration policies - costs of hiring and a cap that occasionally binds,
depending on the state of the economy.” Therefore, the constraint that firms face for hiring
skilled labor is an outcome of immigration policy, rather than the supply of foreign skilled
labor.1?

Foreign and domestic skilled workers are perfect substitutes in the baseline model and earn
the same wage under competitive labor markets. This is consistent with the overall evidence
on relative earnings of foreign born as a percent of native born for workers with a bachelors
degree or higher (Figure A.5). Moreover, when filing a Labor Condition Application, firms
attest that they will pay the worker the prevailing compensation for that occupation. Given
the debate surrounding the degree of substitutability between domestic and foreign workers,
I show how the model can be modified to include complementarities between the workers in

the appendix.!!

8Kerr et al. (2014) highlight heterogeneity in demand of foreign skilled workers across firms (Figure A.4).

9For the H1-B visa program, it does not matter whether the foreign-born worker is employed directly
from the foreign country or from the domestic economy (for instance, after studying in the U.S.), as firms
need to go through the same procedures in both cases. Although there is an additional quota for workers
who obtain a master’s degree or higher from a U.S. institution, I ignore this distinction in the model.

10This assumption is realistic due to the significant wage differences between OECD and developing coun-
tries. If hired, there is a strong incentive for a foreign skilled worker to migrate. Empirically, Clemson
(2012) estimates that there is a six-fold increase in salary for skilled workers who migrate to the US.

1 The estimated degree of imperfect substitutability between native and immigrants within the same edu-
cation and experience group is around 20 (Ottaviano and Peri (2012)). In the model with complementaries



[ignore emigration from the domestic economy as I treat the domestic economy as OECD
countries like the U.S. and the foreign economy as developing countries (China, India, and
the Philippines) and there is a very small share of migration from OECD to developing
countries (OECD, 2013).'? Here, I focus on the domestic economy and do not model foreign
explicitly.

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. Moreover, the exogenous return to the country of origin
helps ensure that even in the absence of shocks, there is some demand for foreign skilled

labor in every period, as is evident in the data.

Representative perfectly competitive firms in sector 2 (the unskilled sector) produce out-
put using unskilled domestic labor. There is a government that collects revenue from immi-
gration policy and rebates it symmetrically to domestic households. All contracts and prices
are written in nominal terms, and prices and wages are flexible. Thus, the model solution

will focus only on real variables.

1.3.1 Domestic Households

The Home economy consists of a continuum of two types of infinitely-lived domestic house-
holds that supply units of skilled and unskilled labor inelastically. The labor supply of the
representative skilled household is normalized to 1, and that of the representative unskilled
household is [,. Each skilled and unskilled representative household has the same prefer-
ences over a basket of goods produced at Home. The lifetime utility of skilled and unskilled

households is given by:

(Appendix A), this corresponds to v = 0.9477, and therefore results are similar to the baseline model where
v=1.
12Theoretically, this can be justified in terms of technology differences between the domestic economy and

the foreign economy that ensure that wages in the home economy will always be higher than wages at
foreign, which would removes the incentive to migrate to the foreign economy.
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Cj

max F; ZBT_t (lnC’m) Vi€ {s,u}
T=t

where Cj; = (2£)*($2£)'7* is the consumption basket of each household. ¢, is the basket
of sector 1 goods consumed, and ¢y is the sector 2 good consumed. « € (0, 1] is the weight of
sector 1 goods in consumption. The consumption-based price index is P, = (p14)*(pas)' ™,
where p; ; and po, are the price indices of sector 1 and sector 2 goods, respectively. The price
indices in units of the consumption basket are py; = p1,/P; and pay = pa;/P;. Therefore, the
consumption-based price index can also be expressed as 1 = (p14)*(p2.¢)' ™ in units of the
consumption basket. The basket of sector 1 goods is given by ¢1y = [ GQ(CLt(w)%dw)%,
where 6 > 1 is households’ symmetric elasticity of substitution across sector 1 goods. Thus,
the price index of sector 1 output is p;; = fweg(pl,t(cu)l_(’alw)ﬁ where p;;(w) is the price

of the good w. The demand for each good in sector 1 by household type j € {s,u} is given

P1t(W)\—60 P o, pre(@)\—0_1 .
by a( D1.t ) pl,tC]’t or Oé( Pl1.t ) Pl,tOJ’t'

The demand for the sector 2 good by household j is given by (1—04)%6% = (1-a) %’tC’ﬁ,
where py; is the price of sector 2 output in units of the consumption basket. The budget
constraint for the domestic skilled household is w,¢ + d; + 15 = Cs; where d; is the profit
income of sector 1 firms and T, are the transfers from the government, both in units of the
consumption basket. w,; is the real wage paid to skilled labor, which will be determined in
the competitive labor market for skilled workers. Skilled households are the sector 1 firm
owners in the baseline model. Unskilled households consume the sum of their labor income
and transfers from the government ie. C,; = wylys + Ty, Where w,,; is the real wage

paid to unskilled labor, and is also determined competitively in a separate labor market for

unskilled labor.
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1.8.2  Production
Skill-Intensive Sector (Sector 1)

There are a continuum of heterogeneous monopolistically competitive firms, each produc-
ing a differentiated variety w € €. There is no endogenous firm entry or exit. The constant
mass of firms is normalized to 1. Production requires skilled (Home or Foreign) labor. Aggre-
gate labor productivity is Z; which is exogenous and follows an AR[1] process in logs. Firms
are heterogeneous as they produce with different technologies indexed by relative productiv-
ity z. Firm specific productivity z follows a Pareto distribution G(z), with shape parameter
k, and support on (zmn,,o0]. Output supplied by firm z in sector 1 is y14(2) = Zizls4(2),

where the total mass of skilled labor employed is

Laa(2) = 17 4(2) + 15,(2)

where h and f denote domestic and foreign skilled labor respectively. The domestic supply
of skilled labor at home is inelastic and normalized to 1. I3 (2) is the stock of Foreign skilled
labor employed at firm 2. Skilled domestic and Foreign labor are assumed to be perfect
substitutes.

Domestic firms face certain immigration policy restrictions when hiring foreign workers:
Firms have to pay hiring costs, and there is a government-imposed cap on the number of
foreign workers that can be hired each period. The sunk hiring costs can be decomposed
into two components — costs due to immigration policy, and technological costs of hiring
foreign workers. Firms have to pay cost g; to the government for each foreign skilled worker
they apply for, which is refunded back if the worker is not allocated to the firm (unless it
is discovered that multiple HI-B petitions are submitted for the same employee).!® This
reflects actual policy in which the filing fees is refunded back to firms for the workers that
are not selected in the lottery, in the event that the cap for foreign skilled workers is binding.

Firms also have to incur a sunk cost, fr:, for all foreign workers they apply for, which

13This includes various fees firms have to pay when filing the H1-B petition for each worker, which on
average amount to $3,000.
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reflects the regulatory component of the immigration policy cost — legal fees and other
administrative costs involved in the various processes for hiring foreign skilled workers.!* To
facilitate comparison with the Social Planner’s allocation, an additional cost that firms face
is the technologically imposed cost of hiring skilled foreign workers, fr;, which is the same
cost that a social planner would face for hiring a foreign worker. One way to interpret this
cost would be to think of this as the cost incurred by firms on airfare or relocation of foreign
workers, once they are hired and approved by immigration policy to join the firm. Therefore,
these costs are only applicable to foreign workers that firms are actually able to bring to the
firm after the approval of the application. All costs are in units of the consumption basket. If
firm z optimally chooses to submit applications for N..(z) workers, then the total cost that
the firm will incur is frNe(2) + (9 + fr1) Net(2)q:, where ¢; turns out to be the endogenous
probability or fraction of workers that firms are allocated if the cap binds, and is described
below. Higher immigration policy costs imply a more restrictive immigration policy.

The entry cap for foreign skilled workers is exogenously set at N.;. Since each firm

submits applications for N.;(z) foreign skilled workers, the probability of each application

Ne,t
. Ne,t(2)dG(z))’

being selected will be ¢, = mz‘n[( = 1], where ¢; < 1 if the aggregate demand of
foreign skilled workers, f;jn N, +(2)dG(z), exceeds the cap, and the cap endogenously binds.
Each firm knows that if it submits N..(z) applications, it will get ¢;N..(z) workers. Each
firm is of measure 0 and takes ¢, as given in its hiring decision.!®

The timing is as follows. A fraction § of the foreign skilled workers currently employed

by domestic firms (including newly hired workers from the previous period) are separated

“Firms in multiple surveys (for instance, by the Government Accountability Office (GAQO)), 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.

15While no actual risk in the realization of the share of foreign workers allocated to firms may seem
restrictive, it is consistent with how U.S. firms in the economy behave. To mitigate risk, U.S. firms
subcontract a large part of the H1-B hiring process to large I'T management firms. These firms substantially
reduce the risk of procuring H-1B visas by applying in bulk. These outsourcing firms were awarded
almost 20 percent of total H-1Bs in 2016, and the workers were then allocated to U.S. employers through
subcontracting.
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from firms at the beginning of the period. The state Z; of the economy is realized, wages are
determined, and firms produce period-t output. Firms then maximize expected discounted
profits and optimally choose the number of foreign skilled workers to hire (or submit appli-
cations for), after taking into account the immigration policy restrictions. The realized state
of the economy and the corresponding firm demand for foreign workers determine whether
the cap binds, and an endogenously-determined fraction ¢; of the applications are approved.
These are the workers that firms are able to ‘bring’ to the firm for production. There is a
time to build lag and those workers that survive the separation shock are added to the stock

of next period’s skilled labor stock.

Thus, the stock of foreign skilled labor at firm z in period ¢ + 1 is given by:

B (2) = (1= 8)(I5,(2) + 6:Ne(2) (1)

Expressed in units of the consumption basket, the inter-temporal profit function of firm z is

given by:

Et Z ﬁ’nt |:p1,T(Z)Z7'2ls7T(2) - ws,T(ls,T(Z>—fR,TNe,T<z) - (gT + fT,T)Ne,T(Z)QT

T=t

The inter-temporal discount factor that the firm applies to its profits is 5., = (v (Cs,) /u/(Csy)),
which is the inter-temporal discount factor of domestic skilled households, who are assumed

to be domestic firm owners.

Optimal Hiring of Skilled Foreign Workers:
Firms maximize inter-temporal profits subject to (1.1). Each period, firms hire and submit
applications for skilled foreign workers such that the expected discounted profit generated

from an additional skilled foreign worker, v;, is equal to the expected sunk hiring cost:

v = fre/@ + e + fra
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where
o0

ve=Y E{Bre(1=0) " [p1+(2) 22 — we]}

T=t+1
Hiring of foreign skilled workers can be viewed as an investment decision for firms that is

governed by the following Euler equation:

fri/ac+ g+ fre = (L=8)E{B(Csri1/Cst)  p1a11(2) Zip12 — ws g1+ f;’tﬂ + g1+ fral}

a (1.2)
where w, is the real wage paid to each skilled foreign worker. Labor markets are competitive
and the real marginal cost of production for firm z is given by ¢ ; = % Thus differences
in productivity across firms translate into different marginal costs, and firms with higher z
have a lower marginal cost of production.

Firms serve only the domestic market. Market clearing for each firm z is given by
Zyzlsi(2) = (%&z))’elﬁc/ﬁl,t, where the price p14(2) set by the firm is a proportional markup
over the marginal cost: p;.(z) = %wu(z)- The average sector 1 price, p;, and aggregate
demand, Y,°, are given in section on aggregate accounting. As is standard in the Melitz
(2003) model, more productive firms face a higher demand for their output due to lower

prices, and hence employ more skilled labor, including skilled foreign labor. Firm profits in

period ¢ are given by di(2) = p14(2)y14(2)/0 — friNet(2) — (9t + fri)@Nes(2).

Unskilled Sector (Sector 2)
Sector 2 output is produced by competitive firms that have an identical technology:
Yor = Ziluy

where [, ; is the unskilled labor employed by the representative firm. The marginal cost of
production for the firm is w,;/Z;. Thus the price of the representative sector 2 good in units

of the consumption basket is po; = wy ¢/ Z;.
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Government

The government collects revenue from immigration policy — the total revenue collected in
units of the consumption basket is R; = ¢;q; fz(:m N +(2)dG(z). The revenue depends on the
aggregate applications filed by all firms, and the cap, which affects ¢;. The Government’s
budget constraint is given by 7} = R,, where T} = T, +T,,; is lumpsum transfer to domestic

households. I assume that Ty, =T, = T;/2.

Aggregate Accounting and Equilibrium

The distribution of firm productivities is given by a Pareto distribution G(z) = 1 — (2= )k,
with lower bound z,,;, and shape parameter £ > 6 — 1. As in Melitz (2003), aggregate
productivity is defined as Z = | f;:m 2071dG(2)] 77, From cach firm’s market clearing in sector
1, we can write the aggregate stock of foreign labor as a function of firm specific productivity
ie. l,4(2) = f(271). Thus, we can aggregate skilled labor as l;t =1ls4(5) =1+ l~}it The
aggregate sector 1 output is Y1, = Z;2(1 + cht) The aggregate sector 1 price index is given
by e =[5, (p1a(2) dG(2)) 7 = pri(2).

Aggregate consumption by households is given by C ;,+C,, ;+C;; i.e. the sum of consump-
tion by domestic skilled, unskilled, and immigrant workers residing at Home. Immigrants
consume their labor income, C;; = ws,ti?t. Domestic labor market clearing requires that the
aggregate domestic labor employed is equal to the inelastic supply i.e. f:n li7t(z)dG () =1
and [, = l,. Firm demand for skilled foreign workers is met at the prevailing skilled wages
as foreign households are assumed to elastically meet all domestic firm demand.

Aggregate accounting in the economy requires that ﬁlthtél;,t + p27tZtl_u =Csp +Cyy +
Ci,t + fR,tNe,t + fT,tqtNe,t'16

Table 1.1 summarizes the key equilibrium conditions in the model. There are 17 equations

in 17 endogenous variables of interest: Y;,, Ya,, l?t, Net, G, Wy, Wy, dey Pre, P2ty Y1ty Cuts

16 As in Cacciatore (2012), aggregate demand (Y;¢) includes a component other than household consump-
tion. However, it is in the same units as the consumption basket.
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Cs, Y, Ry, Ty, Ciy . Zy follows an exogenous AR[1] process in logs. fgr, g, fr,and N67t are

exogenously set and calibrated in Section 1.5.

1.4 The Steady State

I now turn to the consequences of skilled immigration and skilled immigration policy changes
by studying how skilled immigration responds to a temporary productivity shock, as well
as the transitional dynamics and the long-run effects of a permanent increase in the immi-
gration cap. Before presenting these results, I discuss implications of some key steady-state
relationships that highlight some of the main model mechanisms. The analytical solution for

the steady state of the model is given in Appendix A.

Steady-state stock of foreign born

Since the model features an occasionally binding constraint, the model is equivalent to one
with two regimes.!” The constraint is binding under one regime and slack under the other
and each regime has a separate non-stochastic steady state. In the appendix, I derive the
steady-state stock of foreign-born labor in the regime when the cap does not bind (¢ = 1) as
follows: o )

ch _ az@-a)], (1-9)pZ2 (S . (13)
(I—a) [0(fr+ fr+g)(1—(1-0)B)

Equation (1.3) helps identify the factors that influence a larger firm demand for foreign skilled

labor, and consequently a larger stock of foreign skilled workers. The model predicts that
the stock of foreign skilled labor will be higher when a country has a higher aggregate labor
productivity, Z; a higher aggregate firm specific productivity, Z; the skill-intensive sector has
a larger weight, o, in the consumption basket; the stock of domestic unskilled workers, I,,,
is higher (due to complementarities via the consumption basket); the hiring costs of foreign
skilled workers (g, fr, and fr) are lower (less restrictive immigration policy); there is a lower

probability of return, J, to the country of origin; when elasticity of substitution across goods

17Guerrieri and Tacoviello (2015)
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(0) is lower (which increases firm profits from each unit produced); and when there is a lower

stock of domestic skilled workers available.

Long run consumption: skilled native households
In this section I show how the stock of foreign-born workers affects firm profits and skilled
wages. One of the key hurdles facing policy easing comes from critics of skilled immigration
who highlight the adverse impacts of an increase in the supply of skilled immigrants on the
wages and income of native skilled workers. In order to analyze this, I decompose the steady-
state impact of an increase in the stock of skilled foreign labor on the various components of

consumption of skilled domestic workers as below.

» O[l_u l1—a
Cy=(0-1)22 <(1 T Z;;)) /6 (1.4)

(.

~
Wage income of domestic skilled households

Oélu e el 7s\a 7s Ts
+(1—a> ZZ(1+13) /9—(fR—l—g+fT)5lf/(1—5)+g6lf/(2(1—5)2 (1.5)
h g d Tka;lgfers
Firm Profits

In the model, an increase in skilled immigrant workers would reduce real wages (due to
substitutabilities between domestic and foreign skilled workers) and thus have an adverse
impact on long-run real consumption of domestic skilled workers (equation 1.4). However,
an increase in skilled foreign immigrants also increases long-run output and firm profits.
Even though a larger stock of foreign skilled workers implies larger hiring costs incurred by
firms which would negatively affect their profit, as long as these costs are relatively low,
firm profits would rise. If some of these profits are distributed back to skilled households as
dividend (profit) income, this channel would mitigate some of the adverse effects on native
skilled households’ long-run real income and consumption (equation 1.5). Moreover, a larger
foreign labor stock also ensures larger revenue collected as part of immigration policy. if some

of the revenue from immigration policy is transferred back to skilled domestic households,
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then the adverse impact on wages due to an increase in foreign skilled workers can be further
mitigated.

An important implication is that in order to carry out accurate welfare analysis of immi-
gration policy changes, it is important to empirically estimate the profit distribution of firms
across households. For instance, if part of the dividend income goes to immigrant workers (as
part of stock options given to them), then the negative impact of immigration on domestic

skilled workers would be worse.

Steady state when cap binds
In the alternate regime, when the entry constraint binds in steady state, the aggregate stock
of foreign skilled workers is given by: 15 = (1 — §)N,/d (using (1.1) and gN, = N,). In this
case, the appendix shows that steady state hiring probability is given by:
(1—68)8(adl,) 2% -

T A= 0B — i+ (1= o)Nye T

The probability of hiring each foreign skilled worker is higher when the demand for foreign

skilled workers is lower, or when the entry cap N, is lower. A larger cap makes it easier for
firms to hire and get workers that they apply for. However, any of the factors that increase
foreign skilled worker demand, reduce the probability of hiring such workers. The aggregate

flow of foreign labor demanded is given by N, = N, /q.

1.5 Calibration

In order to study the dynamics numerically, I calibrate the parameters of the model under the
assumption that the steady state mimics the U.S. economy during the 2004 - 2014 period. I
interpret each period as a year to accommodate the annual allocation of the H-1B visa cap. [
calibrate the parameters that pertain to immigration to match average annual U.S. data from
the Current Population Survey (CPS), and the United States Citizenship and Immigration
Service (USCIS), between 2004 to 2014. I rely on existing literature for the values of the

other parameters. I set 5 = .96, which implies an annual real interest of 4 percent. Following
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Ghironi and Melitz (2004), I set the elasticity of substitution across product varieties equal
to 8 = 3.8, the dispersion of firm productivity draws, k = 3.4, and normalize z,,;, to 1. I set
the exogenous return shock to the country of origin at § = 0.1, in order to match the annual

return migration rate of 10 percent (Center for Immigration Studies, 2011).18

The share of sector 1 goods in consumption is set at & = 0.4 to match the share of
unskilled income in total aggregate income.'® 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 economy. I calibrate the filing fees paid
to the government g to 0.0519, to match the average filing fees incurred while submitting
the H1-B petition as a proportion of annual skilled wages over the same period.?® The sunk
regulatory cost fr is set to 0.8 to target the average petitions filed during the period which
would generate a steady-state application selection probability of about 0.4. The domestic
unskilled labor supply is calibrated to 1.84 (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. I set the technological part of the hiring cost at 0.0833 to target one

21

month’s real wage in the data.”® These sunk hiring costs are assumed to stay fixed in the

baseline setup.

Given that the model is calibrated to a period when the cap is binding, the model economy

is in a binding steady-state regime.

181n reality, H1-B visas are allocated for a period of three years, and can be extended for another three
years. However a sizeable proportion of H1-B workers stay for longer as firms sponsor their green card
application. There is no concrete estimate of this proportion. Moreover some workers may end up leaving
before the visa expires. Thus I take an annual average rate of return to the country of origin.

19This follows from sector two’s good market clearing: Z I, = (1= @)Y ¢/ py, which implies that Wy ly /Y=
(1-a).

20The average filing fees at the time of submitting the petitions adds up to about $3, 000.

21'While there is no direct estimate of this cost in the data, a month’s wage is a reasonable estimate of the
relocation and other expenses that are meant to capture this cost.
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1.6 Transition Dynamics and Welfare Results in the Baseline Model

In this section, I solve the calibrated model numerically to study dynamics in response to a
temporary positive productivity shock and changes in immigration policy. I then calculate
the welfare effects of a perfect foresight increase in the immigration policy cap. I also show
how these welfare impacts vary with the state of the economy and with the structure of the

labor market. All the welfare experiments in the paper are summarized in Table 1.2.

1.6.1 Dynamic Response to a Temporary Productivity Increase

I study the responses (percent deviation from the steady state) to a temporary 1 percent
increase in aggregate productivity (Z;) in the baseline model. In order to analyze the impact
of the cap on the economy’s dynamic responses to a productivity shock, I compare two cases.
In case 1 (the benchmark case), there is a policy-imposed entry cap on foreign skilled workers
in the economy. In case 2, there is no entry cap.

Figure 1.3 shows that in the presence of an entry cap, the increase in firm demand
for foreign skilled workers in response to the productivity increase is less than half, when
compared to case without the cap. This is because firms have to pay the sunk cost fr for
hiring workers that may not eventually be able to join the firm due to the binding cap, and
thus would not contribute to firms’ output and profit. In other words, to hire one worker, the
firm needs to pay for fr/q; workers. Therefore, costs associated with the current immigration
policy may distort firms’ incentives for hiring foreign skilled workers. An implication of this
is that the costs incurred due to the burdensome current immigration policy may lead to an
inaccurate signal of firm demand for foreign workers.

Figure 1.3 also shows that the stock of skilled labor is inelastic in the short run and rises
only slowly due to the time-to-build lag. In the presence of the cap, the stock of foreign
skilled labor rises by much less. As a result, the increase in output, profits, and real wages of
unskilled workers (and thus their consumption) is smaller in the presence of the cap. Without

the entry cap, firm profits initially fall more as more resources are spent on hiring. However,
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this quickly recovers as the stock of foreign skilled workers increases over time and firms are
able to produce more output. Unskilled wages are higher without the cap as a larger stock
of foreign workers increases demand for goods produced in sector 2, which increases demand
for unskilled labor and puts an upward pressure on their wages.?> However, the real wage
of skilled labor falls by less in the presence of the entry cap due to the smaller increase in
the stock of skilled labor in the domestic economy. Despite a lower decrease in wages of
skilled workers, their consumption is not higher in the presence of an entry cap during most
of the transition period as the increase in firm profits is also lower in this case. However,
an alternate distribution of firm profits could lead to an unambiguously lower consumption
of domestic skilled workers. Overall, the presence of the constraint dampens the economy’s

response to aggregate shocks.

1.6.2  Welfare Analysis

The above dynamic responses indicate that an increase in skilled foreign labor has different
impacts on heterogeneous workers. In order to draw inferences about the impact of current
migration policy changes, it is important to quantify the welfare changes across different sets
of workers. I calculate welfare impacts after a 10 percent perfect foresight increase in the
entry cap. The long-run welfare gain of each type of native worker from the immigration
policy easing is computed as the percentage increase (A) in consumption that would leave
the households indifferent between the initial policy and the new policy with the higher cap,
when the new policy is implemented at time ¢ = 0. Transitional dynamics have been included
in the welfare computations. Thus, A solves:
U[Cju + %)} =(1-8)> Bu(Cj) V{je€ s u}
t=0
Suppose the cap increases by 10 percent. Since the baseline model is calibrated to a

period when the cap is ‘very’ binding in the sense that the gap between firm demand for

22This is consistent with empirical evidence in Hong and McLaren (2015).
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foreign labor and the cap is very large, firms increase hiring by the full 10 percent. The
dynamics following this cap change are given in Figure 1.4. Firms increase hiring of foreign
skilled labor following the cap increase and as the stock of skilled workers builds up, sector
1 output, unskilled wages, and consumption rise. As before, the increase in unskilled wages
and therefore consumption is due to the higher demand for sector 2 output by the larger
stock of skilled foreign labor. Average firm profits in sector 1 fall initially as they have to
bear costs of hiring more foreign workers (the cost of hiring foreign skilled workers remains
unchanged). However, profits recover over time as output increases. Skilled wages fall due to
the larger inflow of foreign workers. The net effect on real consumption of domestic skilled
workers is negative, despite their profit income increasing. The probability of hiring a foreign
worker is higher in the new steady state due to the higher cap.

Table 1.2 shows that the welfare gain (including transitional dynamics) amount to 0.0558
percent of annualized steady-state consumption for unskilled workers. For skilled domestic
workers, the welfare loss amounts to 0.0603 percent of annualized steady-state consumption.
Thus, there are different effects of a skilled immigration policy change on heterogeneous
workers — workers most complimentary to skilled immigrants gain, while those most substi-
tutable lose. Part of the negative impact on consumption of skilled workers is mitigated as
firm profits, and transfers from the government rise over time. The transitional dynamics in
Figure 4 show that most of the welfare changes are realized slowly over the longer horizon.

I next turn to analyzing how these welfare effects depend on the state of the economy. In
section 1.9, I evaluate how these welfare effects depend on the structure of the labor market

by adding search and matching frictions in the baseline model.

1.6.3 Welfare Impacts and the State of the Economy

An important insight from explicitly taking into account the role for firm demand in endoge-
nous skilled immigration is that the demand of foreign labor depends on the realized state
Z; of the economy. Therefore, welfare impacts of an immigration cap change will depend

on how firms adjust their hiring in response to the change, which in turn depends on the
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realized state of the economy. For instance, when the H1-B cap was raised by 80,000 workers
in 2001, after it had been binding for the previous three years, the cap did not bind between
2001-2003 (the period for which the cap was raised), as firms did not increase hiring by
the full amount of the cap increase. Since the stock of foreign workers rose by less than
anticipated, evaluating the impact of the policy change as a labor supply increase (increase

in 80,000 workers), would be misleading.

In the context of the model, suppose the immigration cap change is implemented at a
time when the economy is transitioning after a negative productivity shock, and the cap
is relatively ‘less binding’ in the sense that the gap between firm demand and the cap is
relatively small. Following the cap change, firms will optimally hire more foreign skilled
labor, yet they may not increase hiring by the full cap increase. To see this, I calibrate the
baseline model to match U.S. labor and immigration data between 2001-2003. In 2001, the
cap was raised from 115,000 to 195,000, a 69.5 percent increase. At that point, the economy
entered a recessionary phase, and firms did not increase their hiring of foreign workers by 69.5
percent. In fact, the unused cap in 2001, 2002, and 2003, was 31,400, 115,900, and 117,000,
respectively.? The average additional cap used over the entire period was about 20 percent.
I calibrate the model such that the cap change is implemented at a time when the economy is
transitioning from a negative productivity shock. The negative shock is calibrated to match
the fact that on average, firms increased there hiring of foreign labor by 20 percent due to

the additional quota of 69.5 percent.

Figure 1.5 plots the transitional dynamics in response to a 69.5 percent cap change under
two cases. The first is the one described above when the economy is transitioning after a
negative productivity shock and is called the ‘less binding case’. In the second case, the state
of the economy is such that the economy is not transitioning after a negative productivity
shock and the immigration cap is ‘more binding’ for firms. This case can be interpreted

as the case when a cap change of 69.5 percent would lead to a pure skilled labor supply

23Using USCIS historical data.
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increase of 69.5 percent because firms increase hiring by the full amount of the cap increase.
Therefore, while in the first case, firms increase their hiring of foreign workers by only about
20 percent, in the second case, firms increase the hiring of foreign workers by the full amount
of the cap change. Consequently, the stock of foreign skilled labor increases by much less in
the first case and the impacts on all endogenous variables are smaller in the ‘less binding’
case compared to the ‘more binding’ case. The welfare impacts on both skilled and unskilled
workers are also therefore dampened (Table 1.2). The welfare impact in the first case is
about one-sixth of that in the second case, for both workers.

Thus the welfare impact would be lower than the welfare impact that would have been
evaluated by considering the policy change without taking into account firm hiring responses.
The key point is that it may be important to take into account the role of firm demand for
foreign skilled workers, and also the timing of the reform, when evaluating the impact of

immigration policy changes.
1.7 Social Planner’s Solution and Inefficiency Wedges

In this section, I discuss the first-best, efficient allocation chosen by a social planner. I then
compare the equilibrium conditions in the baseline decentralized economy (Table 1.1) to those
implied by the planner’s solution (Table 1.3) as this allows us to identify the distortions in the
model economy and to define the inefficiency wedges relative to the efficient allocation. The
aim is to analyze whether moving toward an alternate policy with a market-driven allocation
of permits (Section 1.8) would close some of the inefficiency wedges and bring the market
economy closer to the optimal allocation.

Appendix A presents the planner’s problem and the equilibrium conditions implied by the
solution to the problem. The social planner maximizes welfare of domestic households and
chooses the optimal entry of foreign skilled workers in the domestic labor force, taking the firm
size distribution, preferences, technology, and resources available in the economy as given.
The only hiring cost that is relevant to the social planner is the technological component of

the overall entry cost, fr. Therefore, in the planner’s environment, g = fr = 0.
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The appendix also describes the major distortions and derives the inefficiency wedges in
the economy. The analysis shows that the market economy features three sources of distor-
tions relative to the planned economy. These distortions lead to two margins of inefficiency
wedges that are discussed below.

Job creation margin: Comparing the entry condition of foreign skilled workers under
the decentralized solution with the entry condition under the social planner’s equilibrium
implicitly defines the inefficiency wedge under the market economy’s job creation margin for
foreign skilled workers.

The inefficiency along the job creation margin results in the wedge ¥, given by:

(Yry + frYo) n Tre— TR,t+1ﬂ
fr(Ype+ fr) Tre+ fr

ch,t - Et [Bt,t+1(1 - 5) <,51,t+1Zt+1§

First, monopoly power leads to a lower incentive for hiring foreign skilled workers by inducing
a lower marginal revenue product of a match (captured by Ty). Second, the presence of
immigration policy costs (fr and g¢) that differ from the technological component of the
hiring cost (fr) leads to another source of distortion in the market economy. Third, the
presence of a binding cap further distorts the costs that firms have to incur. The additional
distortion that the cap imposes is due to the fact that when the cap binds and ¢, < 1 in the
decentralized economy, in order to hire one worker, firms need to submit 1/¢; applications and
hence incur fr/q as regulatory costs. As described in the Appendix, Yr; = fr+9+ {i—?‘;i,
where Y, = 1 — ¢, is the distortion due to the presence of the cap that lowers the probability
of being able to hire a foreign worker to less than 1 . Thus, T decomposes the distortions in
the existing immigration policy into distortions imposed due to immigration policy costs and
those due to the cap. In the baseline calibration, around 60 percent of this distortion is due
to the presence of a binding cap and 40 percent is due to the costs. If frp+g =", = Ty =0,
then the job creation wedge is equal to 0.

Consumption resource constraint wedge: Sunk regulatory costs imply a diversion of
resources from consumption, leading to a consumption-output efficiency wedge given by

Yt = YrNet — frNet Yy . Because of the various procedures involved in the current immi-
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gration policy, firms have to incur extra regulatory costs. However, firms have to incur lower
technological hiring costs because these are applicable only to workers that firms are able to
bring to the firm and the presence of the cap leads to a lower number of such workers in the
decentralized economy.

In the baseline calibration, the job creation wedge is 13.1348 and the consumption re-
source wedge is 0.0045, both in units of the consumption basket. Therefore, the job creation

inefficiency wedge contributes to the bulk of the inefficiency in the baseline market economy.

1.8 Market-Driven Allocation of Permits

In this section, I address the following question — what would be the impact of moving
toward a market-driven allocation of visas (via auction of a fixed number of permits) for
skilled foreign workers, compared to the baseline model with the current skilled immigration
policy setup? In particular, would such a policy increase economic welfare and bring the
economy’s equilibrium closer to the social planner’s first-best allocation?

The motivation for the market-driven allocation of permits stems from the advantages
of this alternate skilled immigration policy highlighted in Peri (2012).2* The main idea is
that introducing a market-driven system of allocating permits to firms who hire immigrants
would introduce a price mechanism to allocate visas efficiently and according to their most
productive use. Importantly, the price of permits would be determined by the auction
and would quantify the value attributed by the U.S. market to a foreign skilled worker.
According to the proposal, the market-driven price of permits would also provide potential
flexibility across the business cycle via price feedback and these prices could be a potential
signal for raising/lowering total number of permits. For instance, if the price of the permit
rises during expansionary times, it would signal a true shortage in the number of permits
relative to firm demand for foreign skilled labor. This may be relevant for policy makers

as the costs under the current immigration policy setup may distort firm demand of foreign

24Peri (2012) focuses on reform of all immigration policies rather than only on skilled immigration policy.
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skilled labor, and thus do not always give a true indication of firm demand. Moreover,
such a mechanism may generate additional income for the government, which could help
compensate domestic households. The key idea in Peri’s proposal is that “a simpler, more
flexible, and more market-driven system of labor-sponsored permits for immigrants would

enhance the economic benefits of employment-based visas”.

1.8.1 Model with Market-Driven Allocation of Permits

The preferences, technology, and the economic setup are exactly the same as in the baseline
model (Section 1.3). The main difference is that the immigration policy-imposed cost of
hiring skilled foreign workers will vary with economic conditions via the optimally varying
price of permits. Also, there is no lottery and hence firms get allocated their optimal demand
of permits at the market clearing price of permits.

I evaluate the impact of moving from the baseline skilled immigration policy toward an
alternate market-driven policy, in a simple framework with no informational asymmetries,
and one in which firms bid for permits according to their demand schedule. T initially set
the number of permits to be allocated to be the same as the cap imposed under the baseline
policy.?> The timing is as follows: the state of the economy is realized and a fraction ¢
of foreign skilled workers separate from the domestic labor market. Wages are determined
competitively, and firms produce period-t output. The Government announces the period
t auction of a fixed mass of permits — each permit would allow firms in Sector 1 to hire
a foreign skilled worker that will become productive in period ¢ + 1. Each firm submits a
schedule of permit prices for varying quantities of permits. Since there are no informational
asymmetries across firms, they have an incentive to submit no other price and quantity
bid other than according to their demand schedule. The government evaluates the permit

price at which the total number requested by firms matches the total supply of permits.

25 According to Peri (2012), permits for the H-1B category (as well as the L-1A, L-1B (intra-company
transfers) and TN visas (professionals from NAFTA), all included as one category) should be sold in a
quarterly electronic auction and the number of permits could initially be set equal to the number of annual
average temporary visas issued over the past ten years.
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Firms then pay the government the market clearing price of permits and receive the permits.
The government collects the revenue and rebates it back to skilled and unskilled domestic
households in a lump-sum and symmetric manner. Firms then hire foreign skilled workers
according to the number of permits they hold and also incur the technological hiring costs.
There are no secondary market sales for permits.

The optimization problem of firm z for deriving its demand schedule of permits as a
function of price of permits is given below. In this derivation, the assumption is that firms
anticipate that the number of workers they hire will be equal to the number of permits they

own, and they choose their permit demand accordingly.

E T T Z’T lST - STZST - foT - NfT
i t;ﬂ,tlp (2)Zo2lur(2) — Warlor(2) — CPNP (2) — fr NP, (2)

subject to
L L(2) = (=) + 15,(2)

2. ljc7t+1(z) = (1 —=d)( ;’Lt(z) + Ngt(z))

The equilibrium condition for the optimal permit demand is given by:

G+ fr=(1=0)EB{B(Copi1/Cst) p1441(2) Ze12 — o1 + oy + frl} (1.6)

Goods market clearing in each period ¢ for each firm is given by Z; 21, ,(2) = (p%i—f))_e}@c/p]’t,
where Y, is the aggregate demand.
Since wages, and therefore prices in period ¢ + 1 will be a function of permits held in period
t (which determines the foreign labor stock and hence firm output in ¢t + 1), (1.6) determines

the demand schedule for permits. To get the market clearing permit price, the demand

schedules of all firms can be aggregated to obtain the following.?

G+ fr=(1=0)E{B(Csps1/Cst) pr441(2) Zes17 — woprn + oy + fr]} (1.7)

26The tilde variables denote aggregates across firms. Aggregation in this model is similar to the baseline
model.
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The equilibrium market-clearing permit price that firms pay is such that the aggregate
demand for permits is equal to the aggregate supply i.e. ]\75 . = N., where N, is the exogenous
number of permits allocated by the government. In Appendix G, I derive the steady-state
demand schedule and the equilibrium price of permits. Figure 1.6 plots the steady-state
aggregate demand schedule of permits and the equilibrium in the permit market. An increase
in aggregate productivity Z raises demand by all firms and therefore shifts the aggregate
demand schedule to the right. Given an exogenously fixed number of permits, this raises the
equilibrium permit price paid by each firm to the government.

For a given price of permits, the permit demand of each firm (and hence for the economy
as a whole) is increasing in productivity, unskilled labor available in the economy, the share
of the sector 1 good in consumption, and decreasing in § (which is a rough measure of how
long each permit is allowed to be valid)?", # (as this influences profit from hiring each foreign
skilled worker), and in the availability of domestic skilled workers.

Moreover, since the permit price is endogenous, an increase in the permit price decreases
the optimal demand of permits by each firm, and hence for the economy as a whole. Any fac-
tor that increases the demand for permits, including aggregate productivity in the economy,
would increase the market clearing price of permits, for a given supply. Thus, as economic
conditions vary, the market-clearing price of permits would adjust to reflect varying firm
demand of foreign skilled labor.

The rest of the equilibrium conditions are similar to the baseline model. Aggregate
accounting requires ,517tZt2l~s,t + posZily = Csy + Ciy + Cuy + frNe. Consumption of skilled
domestic households is given by C,; = w;, + Jt + T;/2, where T; is the government transfer,
which is now equal to N,(? (the new revenue from immigration policy). Unskilled domestic
households are assumed to receive the rest of the transfers, and immigrants consume their

labor income, as before. Average firm profits are given by d, = Pr401.4/0 — CPNey — frNey.

271 take § to be the same as in the baseline model even though the interpretation is different. If each
permit is allowed to be valid for the same time as current skilled immigration visas, than the rate at which
foreign skilled workers leave the firm would roughly be the same as the rate at which each permit lasts for
the firm.
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1.8.2  Welfare Implications of Moving Toward the Market-Driven Allocation of Permits

In this section, I describe the welfare implications for each domestic household, including
transitional dynamics, of a perfect foresight change in policy from the current immigration
policy setup, toward the market-driven allocation of permits. In order to measure the welfare
change, I calibrate the model with the alternate immigration policy by setting the sunk
regulatory costs fr and application costs g to zero. The rest of the calibration is the same
as in the baseline case. The equilibrium permit price is determined endogenously.

The welfare change is measured as the percentage change (A) in consumption that would
leave the household indifferent between the baseline skilled immigration policy and the policy

with the market-driven allocation of permits for hiring skilled foreign workers:

u [C’i(l + %)} =(1-7) Z,@tu(Cﬂ) V{j € s,u}

The first impact of the policy change is that government revenue increases by 35.6 percent.
This is because the market clearing permit price (¥ that is collected by the government for
each of the N, permits is higher than the arbitrarily set application cost g. Since the cap
is the same, the revenue collected under this alternate policy will always be higher than the
revenue collected under the baseline skilled immigration policy. If this revenue is rebated
back to domestic households in a symmetric manner, both households witness a welfare gain
as a result of the policy implementation. The welfare gain amounts to 0.1803 percent of
annualized steady-state consumption for unskilled workers. For skilled workers, the welfare
gain amounts to 0.1770 percent of annualized steady-state consumption.

I next turn to analyzing the inefficiency wedges that would exist in this alternate frame-
work. Since this is a second-best policy relative to the social planner’s optimal solution,
inefficiency wedges would still exist in this framework. However, since there are welfare
gains, this alternate policy would bring the market economy’s allocation closer to the social
planner’s allocation. The inefficiency wedges help identify the mechanisms involved.

In this alternate framework, Tr; = 0 as this distortion was associated with the baseline

immigration policy. However, there is a new distortion associated with the alternate market-
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driven system — the equilibrium permit price differs from the technological hiring cost in the
social planner’s framework. This distortion is Y., = ¢P. The new job creation wedge, as

derived in the appendix, can be expressed as:

~(TCP t+ fTT@) Tgp t Tcp t+1>:|
Yiipt = By | B 1—90 Z, ’ + : : 1.8
it ¢ [ b ) (P1,t+1 tH1% Jr(Ters + fr) et + fr (1.8)

If Yery = Ty = 0, then the job creation wedge is equal to 0. The resource constraint wedge in
this alternate policy is 0 as the only sunk hiring cost that is not rebated back to households
is the technological component of the hiring cost, which is also the case under the social
planner’s problem. Thus the alternate policy closes the consumption resource constraint
wedge.

As for the job creation wedge, on comparing the optimal hiring condition in the baseline
case with the optimal permit demand under the alternate policy (equation 7), we see that
as long as prices, wages, and the technological hiring costs under the two cases are the same,
then it must be that fr/q + g = ( i.e. Tps = T¢os. Prices and wages in this case depend
only on the state variables in the economy i.e. on the realization of aggregate productivity
Z; and on the stock of foreign skilled labor ijct Since the cap under the two policies is the
same, the entry and stock of foreign labor is the same in both cases and therefore prices
(and wages) in sector 1 are also the same.?® In this case, the job creation wedges under
the two policies are the same i.e. ¥;.; = ¥j,;. Therefore, the mechanism through which
this alternate policy increases welfare and brings the market economy closer to the planner’s
allocation is by closing the consumption resource constraint wedge.

In the current framework, closing the job creation wedge, which is the larger of the two
inefficiency wedges in the decentralized economy, requires policy makers to increase the cap.
However, even in the absence of a cap increase, easing some of the burdensome immigration
policy procedures, and moving towards a simpler market-driven mechanism could potentially

bring the market economy’s allocation closer to the social planner’s allocation. An implica-

28When the cap does not bind in the baseline model, entry will be lower than the cap. However, in this
case, even the optimal permit demand will be lower.
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tion of this is that the recent political discussions on tightening the procedures related to
skilled immigration policy in the U.S. would have the opposite impact of widening the gap
between the market economy’s allocation and the social planner’s optimal allocation and

therefore would increase inefficiency in the economy.
1.9 Model Extension: Search and Matching Framework

In the baseline model, there is no unemployment of domestic skilled workers. Yet, one of
the political arguments against increasing skilled immigration is the displacement effect of
immigrants on domestic workers. Another argument against immigration is that foreign
workers are paid lower wages compared to domestic workers. In this section, I extend the
model to include search and matching frictions and non-competitive wage-setting, as such a
setup can potentially account for these features. I then re-evaluate the welfare impacts of an
immigration cap change.

In the framework with search frictions, firms in the skill-intensive sector now post vacan-
cies and they can be matched with either a skilled foreign worker or to a a skilled domestic
worker. While posting vacancies, firms cannot differentiate between domestic and foreign
workers.?? The probability of getting matched to a domestic or foreign worker depends on
the relative fraction of each type of worker searching for jobs. However, there is still a
policy-imposed cap and additional costs of hiring foreign workers. For each foreign worker
that is matched, firms have to pay immigration policy and technological hiring costs as in
the baseline model. Also, if the aggregate number of matches with foreign workers (which is
now the aggregate demand for foreign workers) exceeds the cap, there is a probability that

each application will be selected, similar to before.

Search and Matching in the skill-intensive sector

29This is realistic as firms cannot legally differentiate between the two worker types in their job postings.
This also follows Chassamboulli and Palivos (2014), Battisti et al. (2014), Kingi (2015), in which domestic
and immigrant workers are ex ante identical from a firm’s perspective but may have different outcomes
depending on their bargaining power, outside options, and separation rate.
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Suppose firm z posts v,(z) vacancies for skilled workers in period t. The cost of posting a
vacancy is k. Given a standard constant returns to scale matching technology with unem-
ployment elasticity e and matching efficiency x, the probability that the firm will be matched

¢, where V; denotes the

with a skilled worker (domestic or foreign) is given by u; = X(%)
aggregate vacancies posted, and U, = U+ Uy, is the aggregate mass of domestic and foreign
skilled workers searching for a job. Since the H1-B policy in the U.S. does not allow foreign
workers to remain in the U.S. for an extended period if they are unemployed, I interpret
Uy not necessarily as the unemployment of foreign skilled workers in the domestic economy,
but instead as the aggregate number of foreign skilled workers who are seeking a job in the

domestic labor market, and can be located either in the domestic economy, or abroad.

The market tightness is given by % The probability that the firm is matched to worker

type j € {d, f} is q;; = i tUj;;]ftx(%)_e, where d and f denote domestic and foreign respec-
tively, and P i]ith - is the relative share of job searchers of each type. Note that gz +qs: = 1.

However, firms that match with foreign workers have to pay an additional sunk cost for each
foreign worker they apply for, fr, as well application costs g and technological hiring costs
fr, for foreign workers that they are eventually able to bring to the firm.

The second immigration policy restriction, as before, is the cap on the total number of
foreign workers that can be hired each period, N.;. Let N,;(2) = qsv:(2) be the demand
of foreign workers (determined by the number of foreign matches) at firm z. Then, the firm

will apply for these workers to join the firm and the probability that each foreign worker

Ne,t
—Nes@acE)

Zmi

that was matched would eventually be able to join the firm is ¢, = min[( T
which is endogenously determined. Therefore, if the flow of matches for foreign workers is
qr10:(2), the mass of foreign workers that eventually join firm z is ¢;qsv:(2). Each firm is of
measure 0 and takes ¢; as given when making its vacancy decision.

The exogenous separation rate for domestic workers is ¢4, and that of foreign workers is
ds. As a significant proportion of foreign workers are likely to be temporary workers due
to the nature of immigration policy, one can postulate that d; > 4 (Battisti et al., 2014).

Workers hired this period join the firm in the next period and the separation shock is realized
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at the beginning of every period. Thus the stock of employed domestic workers at firm z
is given by lq4(2) = (1 — 6a)(lat—1(2) + qar—1v:—1(2)), and the stock of employed foreign
workers is {74 (2) = (1 — 05)(Lf.e-1(2) + ¢—1¢51—1v:—1(2)). The timing is as follows — in each
period, first the separations are realized, the aggregate productivity shock is realized, wages
are negotiated by a surplus-sharing rule, and firms produce period-t output. Firms then post
vacancies and workers are matched. For foreign matches, firms pay the immigration policy
costs and submit applications for the workers to join the firm. If the cap binds, only a fraction
q; of the foreign matches are allocated to the firms. Finally, firms pay the technological cost
fr for the workers who are able to join the firm.

There are three households - skilled domestic, unskilled domestic, and skilled foreign.
Each household consists of a continuum of workers and the measure of workers that are
employed in Sector 1 is determined by the matching process. Let the total measure of
domestic skilled workers in the labor force be Ly and that of foreign be L; (both fixed to
begin with). Then Uy, = Ly — Lyy and Uy = f/f — Ls; are the domestic and foreign
unemployed/job searchers in each period. Lg; and Ly, are the aggregate domestic and
foreign workers that are employed, respectively. Employed and unemployed households of
each type pool labor income, as is standard. Thus, the budget constraints are similar to
the simple model except that now labor income is earned only by the measure of employed
households of each type. Household preferences and optimal consumption choices are exactly
the same as in the simple version of the model.

I present details of the optimization problem, the equilibrium conditions, and the wage
setting in the Appendix.

The first order condition from firms’ optimization problem shows that in equilibrium, the
cost of posting a vacancy is equal to the expected discounted surplus from a domestic match
plus the expected discounted surplus from a foreign match, both weighed by the probability
of each match, net of sunk hiring costs for foreign matches. The surplus from each match is
just the additional value generated from a skilled labor net of the real wage paid, plus the

continuation value of the match.
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From the wage setting equations derived in the appendix, we see that since domestic and
foreign workers are perfect substitutes and contribute equally to production, any differences
in wages between the two skilled workers has to be because of potential differences in the
bargaining power or outside options of the two workers. Evidence shows that immigrants
and domestic workers differ according to their outside options (Chassamboulli and Palivos,

2014), and in their separation rates (Battisti et al., 2014).

Welfare Impact of an Immigration Policy Cap Change in the Search and Matching Frame-
work:
In order to get some intuition regarding how an immigration cap change would impact em-
ployment of domestic skilled workers and therefore their welfare in this framework, in the
appendix, I derive the steady-state relationship between domestic skilled labor employed by

firms, L4, and the immigration policy cap, N, as:

Ld:Ld(( L 04 _5d(1_5f))+1>1

1—64)N,  6;(1—6a)
The equation above shows that as the cap on foreign skilled workers increases, long-run
aggregate domestic workers employed, Ly, increases, for a given mass of aggregate domestic
and foreign labor in the labor force (i.e. for a given Ly and L ¢ ). Intuitively, the increase in
the entry cap increases firms’ incentive to post more vacancies as there is a higher probability
that a foreign worker that was matched with the firm would eventually be able to join the

firm. Another way to see this is from the vacancy posting condition derived in the appendix:

k= (1= 04)E[Bris1leap1]gar + (1 — 0p) B[ B lepir1larea — frare — apaae(fr + 9)

Part of the expected benefit from posting a vacancy for firm z is the surplus from a foreign
match (I'.;,), as with probability ¢y, a firm may be matched with a foreign worker. However,
because of the cap on foreign workers, the firm will only be able to retain a fraction ¢; of its
foreign matches. When the cap increases, the probability of being able to bring the worker

to the firm increases as ¢; is a positive function of the cap. This increases firms’ expected
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discounted benefit from posting a vacancy and firms end up posting more vacancies. More
vacancies posted increases firm matches with domestic skilled workers as well, and therefore,
their employment. This effect is captured in Figure 1.7, which plots the transitional dynamics

following a 10 percent perfect foresight cap increase in the search and matching framework.

In order to numerically compute the transitional dynamics following a 10 percent cap
increase, 1 calibrate the main parameters of the model using data from the Bureau of Labor
Statistics and the Current Population Survey between 2004 - 2014. I choose the matching
elasticity € as 0.4 as is standard in the literature (Blanchard and Diamond (1989)), and
the bargaining power of both workers, 7y = 1y = 0.4, as the same as € so that the Hosios
condition holds. Vacancy posting costs x are normalized to 1. I normalize the aggregate
domestic skilled workers in the labor force (Lg) to 1 and I calibrate the mass of skilled
foreign workers in the labor force (Ls) to 0.2 in order to match the average ratio of skilled
foreign workers to skilled domestic workers in the U.S. labor force. In order to facilitate
comparison between the baseline model with no search frictions and this extended model, I
take the immigration policy-imposed costs and exogenous return of foreign skilled workers
to be the same as in the baseline model. The exogenous separation of domestic skilled
workers is set to 0.07 to match the average annual unemployment rate of domestic skilled
workers in the U.S. Therefore, foreign skilled workers face a higher separation rate compared
to domestic workers which is consistent with Battisti et al. (2014) and Kingi (2015). The
outside option of domestic skilled workers is determined endogenously and depends on the
job finding probability i. The outside option of foreign workers is set to 0.2 in the baseline
calibration. This is about half the outside option of domestic skilled workers which is in line
with evidence that immigrants and natives differ according to their outside options and the
outside option of immigrants is lower than domestic workers (Chassamboulli and Palivos,
2014). According to the U.S. skilled immigration policy, a foreign skilled worker can only
stay for a short duration without being employed and therefore their outside option will
always be lower than a domestic workers’ outside option. Since I do not model the foreign

economy explicitly in this paper, I do not calibrate the outside options that would exist
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for foreign workers in the foreign economy. However, the main result that a higher cap
increases vacancies posted is not sensitive to the outside option and holds even if the outside
option of the foreign worker is higher than that of the domestic worker. The intuition is that
irrespective of the outside option, an increase in the cap increases the effective surplus from
an immigrant worker (I'yqrq), and therefore increases the total surplus from job creation.

Figure 1.7 shows that following an increase in the immigration cap, firms post more
vacancies, which increases not only the foreign skilled labor employed, but also the domestic
skilled labor employed. Higher overall job creation has positive spillover effects for domestic
matches. Therefore, even though domestic skilled wages fall as in the baseline model, an
increase in domestic employment offsets the negative impact on domestic skilled workers and
welfare impacts on domestic skilled workers are actually slightly positive (Table 1.2). Higher
vacancies posted also increase the outside option of domestic workers and mitigate part of
the decline in skilled domestic wages. As the stock of skilled labor employed in sector 1
builds up, output and profit of sector 1 firms increase. Since a larger skilled labor stock
employed implies a higher demand for sector 2 output, unskilled wages increase, similar to
the baseline model. Therefore, the impact of an immigration cap increase on the welfare of
unskilled natives is still positive. In fact, the welfare gain for unskilled domestic households
is twice compared to the welfare gain in the baseline model (Table 1.2). The other main
difference in this case is that the welfare of skilled native households is slightly positive since
their employment increases.

This result confirms the fact that firms’ endogenous response to the immigration cap
change depends on the structure of the labor market. An immigration cap increase can lead
to a welfare gain for domestic skilled workers (through employment gains) if labor markets are
imperfectly competitive, even if domestic and foreign workers are perfect substitutes. This is
in contrast to the case of a perfectly competitive labor market where the welfare of domestic
skilled workers unambiguously falls due to a wage decrease. Therefore, it is important to
take into account the structure of the labor market when determining the welfare impact of

an increase in skilled immigration on domestic workers.
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1.10 Conclusion

This chapter takes a step in the direction of studying the impact of skilled immigration and
skilled immigration policy changes in a macroeconomic general equilibrium framework by
explicitly focusing on the role of firm demand for foreign skilled labor. The framework I pro-
pose — featuring monopolistically competitive firms and a realistic modeling of the current
skilled immigration policy setup — facilitates a better understanding of the determinants of
firm demand for foreign skilled labor and the aggregate impacts of changes in current skilled
immigration policies. This framework leads to some new insights — the realized state of the
economy and the structure of the labor market matter, for evaluating the welfare impact of
current immigration policy changes. This is because both of these factors influence how firm
hiring of skilled workers changes in response to an immigration cap increase. These insights
are lost if we evaluate the impact of a cap increase as a pure labor supply change. Also, even
if the government does not want to change the cap on foreign workers, an allocation of the
same quota of foreign workers via an alternate mechanism — a market-driven allocation of
permits for hiring skilled foreign workers, brings the economy closer to the social planner’s
optimal allocation. However, an increase in the immigration cap is required to close much of

the gap between the decentralized economy and the social planner’s equilibrium allocation.

The current framework is tractable and offers transparent insights regarding how firms
respond to skilled immigration policy changes and how this might depend on macroeconomic
and labor market conditions. The model can further be employed to study how immigration
policy changes can mitigate the impact of productivity shocks in the economy. However, it
does not include several features that would add to the quantitative results — for instance,
capital, capital skill complementarity, and disutility of labor supply. It is straightforward to

build on this framework and incorporate these elements.

Extensive work remains. Skilled immigration policies may impact domestic firms’ decision
to hire offshore labor and this needs to be taken into account in order to evaluate the

impact of immigration policy changes in the domestic economy. In the next chapter, I
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extend the framework to include this channel. Moreover, current debates surrounding skilled
immigration focus on moving toward a merit-based skilled immigration policy on the lines
of Canada. In order to evaluate the impact of this, it is important to include heterogeneity
within skill groups. Moreover, it is important to study the implications of firm heterogeneity
and the misallocation effect of the current immigration policy across firms in greater detail.

I leave this for future work.
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Table 1.1: Baseline Model Summary
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Economic Variable

Equilibrium Condition

Sector 1 Output

Vi =Ze2(1+15,)

Sector 2 Output

You = Zilu

Price Index

L= (p1,0)*(p2,0)' ™

Hiring Condition

fre/at + gt + fri = (1 = ) E{B(Cs,141/Cs,t) " 1,041 21417 — Ws 141 +

fRt+1
dt41

+ gev1 + fre+al}

Hiring Probability

]Ye,t 1}

qt = min[Ne.t

Foreign Labor Stock

[j‘,t+1 = (1 — 5)(5;,t + que,t)

Sector 1 Profits

dt = pr.ey1.4/0 — freNet — (ct + fr.e)qeNe,t

Skilled Wages

Ws,t = P1,6 412

Sector 1 Prices

p1,e = %1/11,15

Sector 2 Prices

P2t = Wu,t/Zt

Aggregate Demand

Y =Csp 4 Cut + Cig + frRiNet + fr1qeNet

Market Clearing

preYie/a=p2tYa /(1 — a)

Consumption by Unskilled

Cu,t = wu,tiu + Tt/2

Consumption by Domestic Skilled

Cst = ws,t +dit +T4/2

Consumption by Immigrants Cit = ws,tif,t
Government Budget Constraint Ty = Ry
Immigration Revenue Ry = gtqth,t
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Table 1.2: Summary of Welfare Impacts

Experiment Skilled Domestic Unskilled Domestic
10 percent cap increase: Baseline model -0.0603% 0.0558%

70 percent cap increase:

Baseline model (more binding cap)3° -0.8231% 0.8427%

70 percent cap increase:

Baseline model (less binding cap)3! -0.1353% 0.1396%

Policy change: Baseline policy to alternate policy 0.1770% 0.1803%

10 percent cap increase: Search and matching model 0.01% 0.1153%

Note: The welfare change of each household from the policy change is computed as the percentage
increase in consumption (including transitional dynamics) that would leave the household indifferent

between the initial policy and the new policy.

Table 1.3: Efficient Allocation

Economic Variable Equilibrium Condition

Consumption Cut = Csy

Demand for sector 1 output Yi= ai—ttY;c

Demand for sector 2 output You=(1—a)rYfs

Sector 1 output Yie=2ZZ2(1+ Ljf’t)

Sector 2 output Yo = Z;L,

Aggregate accounting Cut +Cst + friNey =Y

Price index 1= (‘;—:)a (%’f)l_a

Entry condition of foreign workers fr, = E; {ﬁ (1— 5)% <Z:Ll Zi1Z + fT,tHﬂ
Stock of foreign workers fi1 = (1 —=0)(Lj; + Ney)

Note: %Z = 01,, and Z—: = 0o+ are the relative prices of sector 1 and 2 output in the planner’s

equilibrium.
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Figure 1.5: Transitional dynamics after a 10 percent skilled immigration cap change in the
baseline model when the cap is ‘more binding’ vs the case when it is ‘less binding’.
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Chapter 2

SKILLED IMMIGRATION AND OFFSHORING OF SERVICES
IN THE U.S.

Mishita Mehra and Raghav Paul

2.1 Introduction

The goal of this paper is to study the interaction between skilled immigration and the
offshoring decision of U.S. firms. Specifically, we analyze how skilled immigration policy
changes, that influence the flow of skilled immigrant workers, affect offshoring activities of
firms in the skilled services sector.

Empirical literature has documented substitutability between immigrants and offshore
workers (Ottaviano et al. (2013), Olney and Pozzoli (2018)). While much of the literature
has focused on low-skilled immigration and offshoring in the manufacturing sector, our focus
is on high-skill immigration. The premise is that skilled immigration policies may impose
frictions that restrict the amount of skilled labor firms can hire in the domestic economy.
Therefore, firms have an incentive to incur costs in order to hire offshore labor and expand
the available skilled labor pool.! There is some empirical support for this. Lewin et al.

(2009) show that the emerging shortage of high skilled science and engineering talent in the

'In fact, firms have indicated this in multiple surveys. For instance, according to a survey by Anderson
(2012), for the National Venture Capital Association, 43 percent of the companies said 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 percent of firms responded that “skilled positions
unfilled for more than 30 days harms their operations and 71 percent 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.
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U.S. drives the need to access talent globally, which partially explains offshoring of product
development. They highlight the growing trend for companies to offshore more complex and
higher-value-adding activities that require access to highly skilled workers and show that this

has been partly influenced by the cutback in the H1-B temporary worker visa in 2003.2

Since our focus is skilled immigration, the study is motivated by offshoring in the skill-
intensive services sector as the bulk of demand for foreign skilled workers in the U.S. is
accounted for by the Professional, Scientific, and Technical Services sector.® This sector has
also witnessed a significant increase in output used as intermediate inputs, in total exports,
and imports (Figure 2.1).* The employment in U.S. majority-owned foreign affiliates within
this sector has witnessed a substantial increase, especially since 2003 - 04 (Figure 2.2). This
increase was concentrated in specific countries like India and China — the share of Asia-
Pacific in U.S. majority-owned foreign affiliate employment increased from 24 percent in
2000 to 65 percent in 2015.° This indicates that there has been an increase in offshoring
in this sector both in terms of employment in foreign affiliates of U.S. firms and also with
respect to an increase in imported intermediate inputs. Moreover, skilled immigrant workers
and workers hired offshore in the skilled services sector seem to be sourced from similar
Asian-Pacific countries like India, which also suggests potential substitutability between

these workers.5

2Two thirds of the entry of Foreign skilled workers is via the H1-B visa program (U.S. Department of
State). See Appendix A for an overview of the H1-B policy and quota.

373% of Labor Condition Applications filed (a signal of demand for Foreign workers) that are required
before H1-B petitions can be filed, were by the Professional, Scientific, and Technical Services sector (LCA
database, 2015). Ottaviano et al. (2018) note that even in the U.K., both immigrants and services trade
are relatively concentrated in the same sectors — professional, scientific and technical activities.

4Between 1997 and 2016, the share of this sector in total intermediate inputs used in the U.S. economy

increased from 17 percent to 23 percent, the share in total services imports increased from 13.5 percent
to 23.1 percent, and the share in total services exports increased from 16.9 percent to 22.2 percent (BEA
Input-Output Make tables).

SWithin Asia Pacific, India accounted for 65 percent of the employment in majority-owned Foreign affili-
ates (BEA Direct Investment and Multinational enterprise data).

6Yeaple (2013) shows that India is a large outlier for skilled foreign workers in the U.S. via the temporary
visa programs.
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If skilled immigrant workers and offshore workers are relatively substitutable, then changes
in skilled immigration policies would influence the offshoring activities of domestic firms. The
main argument for a stricter immigration policy is mitigating the negative impact of skilled
immigration on domestic skilled households. Then, in order to fully assess the impact of
immigration policy changes on the labor outcomes of domestic workers, it is important to
understand potential interactions between skilled immigration policies and offshore produc-
tion by firms.

Motivated by these facts, we study the impact of skilled immigration policy changes on the
offshoring activities of domestic firms and the welfare consequences on heterogeneous (skilled
and unskilled) domestic workers in a dynamic general equilibrium framework. To this end,
we build a baseline two-country (Home and Foreign) and two-sector (Final and Intermediate)
model. In each country, firms in the final goods sector produce output using domestic and
imported intermediate goods, and domestic unskilled labor. Monopolistically competitive
firms in the intermediate goods sector at Home produce differentiated goods using domestic
and immigrant skilled labor, and skilled labor hired offshore. Domestic skilled labor supply
is inelastic. Home firms optimally choose the amount of immigrant skilled labor to hire,
subject to a policy imposed cap, a sunk hiring cost, and an exogenous probability of return
to Foreign. The cap is always 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 domestic firms can hire and increases the cost of hiring immigrant workers.® However,
firms can also hire Foreign skilled workers in an already existing offshore affiliate in Foreign in

order to produce the intermediate good. To produce offshore, firms have to pay a per-period

"This 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 that there is a six-fold increase in salary for
skilled workers who migrate to the US.

8For instance, if the demand for immigrant workers is high and the cap is ‘more binding’ in the sense
that firms are allocated a smaller fraction of their demand, firms end up submitting more applications for
hiring immigrant workers, therefore incurring higher sunk costs.
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fixed cost in order to maintain the 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 offshore Foreign affiliates (extensive margin). By
hiring labor offshore, firms are able to hire more skilled workers and overcome some of
the restrictions imposed by skilled immigration policy. Foreign intermediate firms produce
output using only Foreign skilled labor — there is no offshoring or immigrant worker hiring
by Foreign firms.

We calibrate the main parameters in the Home country that pertain to immigration pol-
icy, labor markets, and trade and offshoring costs at Home to match the U.S. economy during
the 2004 - 2015 period. We also calibrate parameters related to the Foreign economy’s labor
markets to match data from India. We then use the model to conduct a policy experiment:

a perfect-foresight immigration cap reduction in the Home economy.

The results highlight some key insights that emphasize the importance of taking into
account offshoring activities of domestic firms. A reduction in the skilled immigration cap
reduces skilled labor available at Home and therefore leads to higher domestic skilled wages.
However, if we ignore firms’ adjustment towards an increase in the intensive margin of
offshoring following a cap reduction, we would evaluate a larger wage gain for domestic
skilled workers — in the calibrated model with offshoring, the skilled wages rise (relative to
respective steady-states) by 0.1413 percent compared to a 0.1613 percent increase if we do
not account for offshoring. Since firms are able to partly substitute immigrant skilled labor
with offshore workers (that are now relatively cheaper due to larger skilled labor available
in Foreign), the wages of skilled workers increase by less at Home. The welfare impact of
an immigration cap reduction on domestic households depends on the distribution of profits
across households. Irrespective of the profit distribution, domestic skilled households gain
due to a wage increase and unskilled domestic households lose due to wage losses (since
the skill-intensive intermediate goods and unskilled labor are complements in final good
production). However, the cap reduction hurts firms and reduces their profits even if this is

partly offset by the increase in offshoring. Therefore, the profit distribution across households
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matters for welfare. For instance, if Home skilled households are the firm owners, then
the welfare gain (including transitional dynamics) amounts to 0.0104 percent of annualized
steady-state consumption. However, if firm profits are distributed towards entrepreneurs and
skilled domestic workers earn only wage income, the negative burden of the cap reduction
on firm profits falls on the entrepreneurs whose welfare declines by 0.0838 percent and the
gain to skilled domestic households amounts to 0.0996 percent of annualized steady-state
consumption. Regardless of the two profit distribution scenarios the loss to unskilled workers

amounts to 0.0663 percent of annualized steady-state consumption.

In the baseline setup, there are no labor market frictions except for frictions imposed
by immigration policy. In order to study the employment effects of immigration policy
changes and offshoring, we extend the baseline model to include labor search frictions in the
intermediate goods sector. In this framework, Home firms now post vacancies and can be
matched with either native or immigrant workers (depending on the relative proportion of
job searchers). However, under the current immigration policy, since the cap binds, firms
are still able to hire only a fraction of their Foreign matches (given by the probability of
an application being selected as in the baseline model). Home firms can also post vacancies
in Foreign for hiring offshore workers, and therefore, compete with Foreign intermediate
firms for skilled workers. Under search frictions, stricter immigration policy increases the
cost of vacancy posting in Home, which causes firms to substitute towards vacancies posted
offshore. This leads to a rise in Home skilled unemployment, and while Home skilled wages
rise initially, they eventually fall. Since the cap reduction hurts firms and lowers profits, and
also reduces skilled wages, the Home skilled household’s welfare falls by approximately 0.05
percent. Home unskilled lose by more because of greater increase in offshoring relative to
the baseline model.

This paper has two main contributions. First, as Ottaviano et al. (2018) note, much of the
literature has omitted an analysis of immigration and services trade (offshoring), and focused
mainly on the manufacturing sector. Given the growing importance of skill-intensive services

trade, our paper contributes to the literature by analyzing the impact of immigration policy
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changes and offshoring of firms in the skilled services sector. Moreover, our paper contributes
to the current literature by proposing a two-country dynamic general equilibrium model with
a realistic skilled immigration policy setup, and accounts for offshoring, both in terms of
offshore labor hired in Foreign affiliates and imported intermediate inputs. By analyzing the
issue in a general equilibrium model, we can study channels that highlight the importance
of taking into account the role of offshoring, profit distributions, and the structure of labor

markets, in evaluating welfare impacts of skilled immigration policy changes.
2.2 Related Literature

This paper is related to the literature that studies the impact of immigration and offshoring
on native households. Olney (2009) finds that an increase in immigration reduces both the
extensive and intensive margins of offshoring. Ottaviano et al. (2013) study how the de-
cline in offshoring and immigration costs affect the employment of native workers. Their
paper shows evidence of substitutability between immigrant and offshore workers. Olney
and Pozzoli (2018) study the relationship between immigration and offshoring by exploring
whether an influx of foreign workers reduces the need for firms to locate production activ-
ities abroad. Their paper also shows that an exogenous increase in immigration reduces
firm-level offshoring at both the intensive and extensive margin. Our paper is also related
to the literature that studies immigration and offshoring in a dynamic general equilibrium
model (Mandelman and Zlate (2014)). However, as noted above, much of this literature
focuses on offshoring in the manufacturing sector and low-skilled immigration. Ottaviano et
al. (2018) is an exception. Their paper explores the impact of immigrants on the imports,
exports and productivity of service-producing firms in the U.K. They highlight that immi-
grants 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 approx-
imately 1 to 2 percent, therefore suggesting a negative correlation between immigrant and

offshore workers in the services sector (mostly concentrated in the professional, scientific,
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and technical activities) in the U.K.

This research also adds to the emerging literature that examines the implications of high
skilled migration. This includes Borjas and Doran (2012), Peri, Shih, and Sparber (2015),
and Kerr and Lincoln (2010). Our work is also related to studies that measure the welfare
gains from lowering barriers to labor mobility (Urrutia (1998); Klein and Ventura (2007,
2009); Iranzo and Peri (2009); di Giovanni et. al. (2015); Ehrlich and Kim (2015)). The
extended model with search and matching frictions is related to recent literature that studies
the effects of immigration on the welfare of native individuals in a general equilibrium model
featuring search frictions and wage bargaining (Chassamboulli and Palivos (2014), Battisti
et al. (2014), Kingi (2017)). We add to the existing literature by not only including a more
realistic immigration policy that is relevant to the U.S, but also accounting for the role of

firm hiring of offshore labor.

2.3 Baseline Model

The baseline model features a two country (Home and Foreign), two sector (final and inter-
mediate goods) economy that is populated by skilled and unskilled households. A continuum
of monopolistically competitive firms produce imperfectly substitutable varieties of final con-
sumption goods in Home and Foreign. These firms produce with Cobb-Douglas technology
that combines a basket of domestic and imported varieties of intermediate inputs with do-

mestically available unskilled labor.

Monopolistically competitive intermediate producers in Home produce using domestic,
immigrant, and offshore skilled labor. In order to hire immigrant labor, Home firms pay a
sunk cost and are subject to a policy imposed cap. To be able to hire offshore skilled labor
in Foreign, the Home intermediate firm pays a fixed cost to maintain its relationship with
a Foreign affiliate and an iceberg trade cost to bring the output back to Home. Foreign

intermediate producers are similar except they produce using only native skilled labor.
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2.8.1 Households

The Home economy consists of a continuum of three types of infinitely-lived domestic house-
holds that supply units of skilled (native and immigrant) and unskilled labor inelastically.
The labor supply of the representative native household is normalized to 1, and that of the
representative unskilled household is I,,. Each skilled and unskilled representative household
has the same preferences over a basket of goods produced in Home. The lifetime utility of

the skilled and unskilled households is given by:

o0

rgaxEtZ/Bk_t (lnC’M) Vi e{s, f,u}
P k=t

GT(Cd,t(U)%dU)% is the consumption basket of each household. Here 6 >

where Cj; = fv
1 is the households’ symmetric elasticity of substitution across varieties (v) of consumption
goods. Thus, the associated consumption-based price index in units of Home consumption is
1= erT(pdvt(U)l_edU)ﬁ' The demand for variety v is given by (%Z—@) ! Cj+. The budget
constraint for the native skilled household is w,¢ + d; = Cs;, where d; is profit income
from intermediate and final goods producers in Home in units of Home consumption. ws,
is the real wage paid to skilled labor, which is determined in the competitive labor market

9 Native skilled households are assumed to be the firm owners in the

for skilled workers.
baseline model. Immigrant skilled and domestic unskilled households consume the sum of
their respective labor incomes, Cy; = wyylsy, and C,; = wu,tl;. Wy is the real wage paid to
unskilled labor, and is also determined competitively in a separate unskilled labor market.
Foreign households face a similar problem. All skilled households in Foreign pool income.
lo is the Foreign labor employed in the offshore affiliate, f,; is the Foreign labor employed

by the Home intermediate firm to cover the fixed cost of offshoring, and NjI3, is the total

Foreign labor employed by the Foreign intermediate firm, where NV is the mass of Foreign

9Foreign and domestic skilled workers are paid the same wage in the baseline model. This is consistent

with the overall evidence on relative earnings of native born as a percent of foreign born for workers with
a bachelors degree or higher (Figure 2.3). Moreover, when filing a Labor Condition Application, firms
attest that they will pay the worker the prevailing compensation for that occupation.
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intermediate firms. All skilled Foreign households are paid the same wage w}; and total firm
profit in the Foreign economy is dy. Therefore, the budget constraint of the representative
skilled household in Foreign is: CF, = w,(los + fou + N3l ;) + d;. The budget constraint of

* %
utlu

unskilled households in Foreign is C7 , =

2.8.2  Production
Intermediate Good Producers

There are a continuum of monopolistically competitive firms, each producing a differentiated
variety w € 2. There is no endogenous entry or exit, and we normalize the constant mass
of firms to 1. Production requires skilled (native or immigrant) labor. Aggregate total
factor productivity at Home is Z; which is exogenous and follows an AR(1) process. Part
of the intermediate good can be produced using labor hired offshore ([,;) and the aggregate
productivity of offshore labor is subject to total factor productivity in Foreign (Z;). Each
firm supplies output Y, +(w) = Zi(lg(w) + alp(w)) + Zflo1(w)/7. The domestic supply of
skilled labor in Home is inelastic and normalized to 1. I;;(w) is the stock of immigrant skilled
labor employed. Even though domestic, immigrant, and offshore workers are substitutes in
production, we account for potential labor productivity differences between immigrant and
offshore Foreign workers — a is the relative productivity of immigrant workers.

Domestic firms face certain immigration policy restrictions when hiring immigrant work-
ers: 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; must be paid for
each Foreign skilled worker the firm applies for. If each firm chooses to submit applications
for N..(w) workers, then the total cost the firm will incur for hiring immigrants, in units of
Home consumption, is frNe(w).

The entry cap for Foreign skilled workers is exogenously set at N.;. Since each firm
submits applications for N, ;(w) Foreign skilled workers, the probability of each application

So if each firm submits N, (w) applications, it will get

being selected is p; = %
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peNe t(w) workers. Firms are of measure 0 and take p; as given in their hiring decision.

Additionally, firms can 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'®. Thus, if
period ¢ offshore labor hired is /,;, then the total cost incurred by the firm is Qtw;tloyt(w) +
Qi foqw?,/Z}. Here Q, is the real exchange rate defined as the units of the Home consumption

basket needed to purchase one unit of the Foreign consumption basket.

The timing is as follows. A fraction § of Foreign 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. The state Z; of the economy is realized and
wages are determined. Firms pay the fixed offshoring cost and choose offshore labor [,

1 Firms produce period-t output with the

taking the Foreign skilled wages wy, as given.!
period t stock of immigrant labor. Firms then maximize the expected discounted profits
and optimally choose the number of Foreign skilled workers to hire (or submit applications
for), after taking into account the immigration policy restrictions. The realized state of the
economy and the corresponding firm demand for Foreign workers determine the fraction p
of applications approved. Thus j;/V,; are the workers that firms are able to bring to the firm

for production. There is a time to build lag and those workers that survive the separation

shock are added to the stock of next period’s skilled labor.
Thus, the stock of Foreign skilled labor at firm producing variety w in period ¢ + 1 is
given by:

Lrira(w) = (1= 0)(lpa(w) + peNey(w)) (2.1)

Exogenously separated immigrant workers return back to Foreign and get added to the For-
eign skilled labor supply. Expressed in units of the consumption basket, the inter-temporal

profit function of firm producing variety w is given by:

10This can be interpreted as labor or managers hired to maintain operations in the offshore affiliate

1Tn 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.



o8

Ey Z Bt {Pl,k(w)yl,k(w) + Qrpe k(W)Yo k(W) — ws k(U p(w) + lar(w))

— Qrw lop(w) = fRENe k(W) = forw? . Qr/Z

The inter-temporal discount factor that the firm applies to its profits is G = B(u/ (Csx)/u'(Cst))

since domestic skilled households are assumed to be the firm owners.
Optimal Hiring of Skilled Foreign Workers:

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:
w:,tQtT/Zt* = Wt/ 2

Additionally, each period, firms hire and submit applications for skilled immigrant work-
ers such that the expected discounted benefit generated from an additional skilled immigrant

worker is equal to the expected cost of hiring immigrant workers:

In_ (1- 5)Et{5t,t+1 [aws,t-ﬁ-l — Qe Tw 1 Zia [ 24 + f—R} } (2.2)
Mt Hi+1

The expected cost of hiring immigrant workers is fr/u;. Since firms have to pay fg for
each immigrant worker that they apply for, and p, is the probability of the application being
selected, firms effectively pay fr/u; to hire each immigrant worker. The right hand side of
(3.2) 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 (2.2).

Intermediate goods producing firms serve domestic and Foreign input demand. The goods

market clearing for each firm is given by vy, (w) = y14(w) + TYs(w), where y; (w) is the
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demand by domestic final good producers and y,(w) is the demand by Foreign final good
producers (given in 3.3). The presence of the iceberg trade cost 7 > 1 implies that in order to
export y, +(w) units of output, firms need to produce 7y, (w). The elasticity of substitution
across different intermediate varieties is ¢. Profit maximization implies that the price set by
firm w for the domestic final good producer is p14(w) = 3= 1(wst /Z;) and the export price
for the Foreign final good producer is p,(w) = Q; '7p1:(w), where the export price is in
units of Foreign consumption. Firm profits in period t are given by dp, +(w) = p1.+(w)y1+(w) +

Qtpx,t(w)ya:,t<w) - ws,tls,t(w) - ws,tlf,t(w) - Qtw;tlo,t(w) - fRQtNe,t(W) - fo(w;t/Zr;k)Qt-

Foreign Intermediate Firms

We normalize the constant mass of Foreign intermediate producers to Nj. Each Foreign
intermediate firm w produces output using native skilled workers — the technology is given
by yy, (W) = Z{1;,. They supply output to Home and Foreign final good producing firms i.e.
Ymi(W) = yi (W) +7y; ;(w). Except for the hiring decision of immigrant and offshore workers,
Foreign firms face a similar problem as Home firms and set prices for their domestic final

good firms as pj (w) = 3= 2 (w; /%) and for Home final good firms as p} ,(w) = Q;7p7 ;(w).

Firm profits are given by dm,t(w> = pl,t(w)yit(w) + Qflp;t(w)yﬁ;,t(w) - w;tl:’t(u}).

2.3.8 Consumption Good Producers

The Home consumption basket is comprised of imperfectly substitutable varieties v € T
produced by a constant mass 1 of monopolistically competitive Home final good producers.
The production technology of each firm is glven by yar(v) = Zi(my(v))*(Lus(v)) %, where

= [fo y1.(w 5 dw —i—fo (Y5 +(w ) g dw) wr is a basket of domestic (y;) and imported
(y%) intermediate inputs. I, is the unskilled labor employed. In minimizing costs, each
firm chooses its optimal demand of the intermediate composite m; = (a(%1)Y;*)/pm; and
unskilled labor I, ; = ((1—a)(%5)Y;%) /wys, where Y,¢ is the Home aggregate demand (defined

prLe(w)

[
in 2.4). The demand for Home intermediate input is y; ;(w) = ( - ) mg, where p, ; is the



60

price index of the domestic and Foreign intermediate input composite used in the production

of Home final good. The demand for Foreign intermediate input is y, (w) = (%@) - my,
where py, , is the price index of the domestic and Foreign intermediate input composite used
in the production of Foreign final good.

Each firm producing variety v sets their price pgy(v) = 5255 (224)*(£)!=* and their
per-period profit is d.; = paYar — P11 — N, dPriYms — Wy lyt. Wy, 1s the unskilled wage
Since consumption goods are not traded, the final good producers serve domestic demand
such that yg,(v) = pas(v)0Y,<.

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

identical problem and we use * to denote the corresponding Foreign variables.

2.3.4 Aggregate Accounting and Equilibrium

Since firms in each sector are identical to their domestic counterparts, the aggregation over
varieties is straightforward. Aggregate intermediate sector output is Y+ = Zi(lay + alss) +
Z}loy/7 and the associated price index is (p, ;) ™% = Nj(p7 )" + (pz2)' %

Aggregate consumption by households in Home is Cs; + C,, ; + C,. Home labor market
clearing requires lz; = 1 and [,; = l,. The aggregate demand at Home is Y = wey(1+
ly4) + wysly + di + frRN.+.*2 Home profits are defined as d; = di 4 + d..

Similarly in Foreign, aggregate intermediate output is Njy,, , = Z{l;, and the associated
price index is (P:n,t)lid) = (pet)' ™% + N;(P’{,t)lid)'

Aggregate consumption by households in Foreign is Cf, + Cy ;. Foreign labor market
clearing requires L* = l,; + fo; + L4 + Nyls, and [}, = I*, where L* is the total exogenous

3

supply of skilled workers in Foreign.!> Aggregate accounting in Foreign requires Y,** =

wi,(log + fou + N3lZ,) + w;tlZ’Z +d;, + Njdi,. Finally, any trade imbalance must be offset

12The 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.

13Immigrant workers employed in Home are part of this supply and any changes in Home immigration
policy affect the skilled labor supply in Foreign.
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by payments incurred for offshore production : Qipx Yzt — Njpy Yns = Quwy ot + Qufowy ;-

2.4 Steady-State Intuition

Since our focus is on analyzing how changes in skilled immigration policies influence the
offshoring decision of firms, this section gives some intuition regarding the relationship be-
tween the steady-state levels of offshoring and the policy-imposed, skilled immigration cap
in Home. Using the goods market clearing conditions for the intermediate goods sector in
Home and Foreign, the steady state law of motion for immigrants, and the skilled labor

market clearing equation in Foreign, we can get:

TN} "7 [\ ?1\ , (1—0)N. zZ* . Z*
=4 __ 2y (E) = )me— Z Li—f)——Z
- Z*<1+N;>K7(pa> (p:; o BN A T

(2.3)

We can further use the equilibrium price index equations in Home and Foreign to get —
P _ 1 Px _ 1

(2.3) shows that there is a negative relationship between the immigration policy cap

and the offshore labor hired — a lower immigration cap (lower N.) increases offshore labor
hired (I, increases). A lower immigration cap reduces the skilled labor available at Home
and increases the skilled labor supply in Foreign. Therefore, there is an upward pressure
on skilled wages at Home and a downward pressure on skilled wages in Foreign — both
effects would tend to increase the offshore labor hired by Home firms. Moreover, higher
labor available in Foreign increases demand for the final consumption good in Foreign. This
increases the demand for the skilled intermediate composite good (m*) used by Foreign firms.
The higher export demand for the Home intermediate good (which depends on the relative

price (p./pk,)), also positively influences the level of offshore labor hired.
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2.5 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 the 2004-2015 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 average annual
U.S. data from the Current Population Survey (CPS), and the United States Citizenship
and Immigration Service (USCIS), between 2004 to 2014. Foreign labor supply parameters

are calibrated to match education-wise labor available using data from the Indian Census.

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 1.84 (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 f = 0.96 which implies an annual real interest rate of 4 percent. Following Ghironi
and Melitz (2004), we set the elasticities of substitution across product varieties equal to 3.8.
The exogenous return shock to Foreign is set to 6 = 0.1, in order to match the annual return

migration rate of 10 percent (Center for Immigration Studies, 2011).

We jointly calibrate {o, N, fr, T, fo} to minimize the squared residuals between model
moments and targets in Table 2.2. Data on the share of exports and imports in skilled service
sector GDP (the average share of Professional, Scientific, and Technical services output that
is exported and imported) is calculated from the Bureau of Economic Analysis Input-Output

Use Tables (2004-2015). The resulting parameter values are highlighted in Table 2.3.

The calibration implies that d; > J4, which is consistent with the literature (Battisti et
al., 2014) and also in line with the fact that a significant proportion of immigrant workers
are likely to be temporary workers due to the nature of immigration policy, and therefore,

their separation rate is likely to be higher.



63

2.6 'Transition Dynamics and Welfare Results in the Baseline Model

In this section, we solve the calibrated model numerically to study dynamics in response to
a perfect foresight change in immigration policy. In particular, we study the response to a
10 percent reduction in the immigration policy cap. We then calculate the welfare effects, on
domestic households, of the cap reduction. We also analyze how these welfare impacts vary

depending on the presence of offshoring and distribution of firm profits across households.

2.6.1 Dynamic Response to Permanent Cap Reduction

We study the responses (deviation from the steady state) to a deterministic, 10 percent cap
reduction. Figures 2.4 and 2.5 give the dynamic responses in the baseline model. From Figure
2.4, we see that a tighter immigration policy leads to a decline in the fraction of immigrant
workers that firms can employ in Home. This reduction in the stock of domestically available
skilled labor leads to a rise in Home skilled wages which causes domestic firms to substitute
towards Foreign labor through an increase in offshoring. However, rising domestic costs,
along with lesser consumption demand due to a smaller immigrant population, leads to
a decline in demand for Home intermediate output. Thus, while a reduction in the cap
causes a decline in the sunk costs firms pay for hiring immigrant workers, the decline in
revenue from decreased consumption and intermediate goods sales leads to a fall in profits.
Another way to see this is that that the increase in firm offshoring is less than the decline in
immigrant labor hired and therefore the total output produced by the intermediate sector
in Home is lower, leading to lower profits. Additionally, Home unskilled wages decline due
to a decreased demand for unskilled labor by consumption good producers as demand for
their output declines. In the Foreign economy, a larger available supply of skilled labor leads
to lower skilled wages. A higher labor supply also implies a larger demand for the Foreign
consumption good, which leads to a higher demand for Home and Foreign intermediate
inputs.

Figures 2.6 and 2.7 compare the responses of the cap reduction in the baseline model
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(with offshoring) with an alternate case in which we do not have offshoring.!* Figure 2.6
shows that if we do not account for firms’ adjustment towards higher offshoring after an
immigration cap reduction, we would get a larger decrease in Home intermediate output
and a greater increase in skilled wages at Home. Moreover, since shutting down offshoring
cuts off the outflow of offshoring related wages, the consumption good expenditure in Home
falls by less (also seen as higher Home skilled wages) and thus unskilled wages fall by less.
These wage effects directly feed into welfare impacts on domestic households. Therefore,
it is important to take into account the role of offshoring when evaluating the impact of

immigration policy changes on welfare of domestic households.

2.6.2  Welfare Analysis

We calculate welfare impacts after a 10 percent, perfect foresight reduction in the immigra-
tion cap. The long-run welfare gain or loss of each type of native worker from the immigration
policy tightening is computed as the percentage change (A) in initial steady-state consump-
tion 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 the welfare computations. Thus, A solves:

u {Cj (1 + %)} =(1-8) i;ﬁtu(cj,t) Vi € {s,u}

First we consider the impact of the cap reduction in the baseline model. In Section 2.7.2
we compare the welfare results with an extended model with search and matching frictions.
From Table 2.4, we note that under the benchmark case where native skilled households
get profits, tighter immigration policy leads to a 0.01 percent rise in native skilled welfare
due to a rise in Home skilled wages that outweighs the decline in profits. Home unskilled

households are hurt as their welfare falls by approximately 0.07 percent due to the decline in

14Tn order to shut down offshoring, yet preserve steady state values close to the model benchmark, we
re-calibrate f, to ensure [, = 0, while keeping all other parameters the same.
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Home consumption demand that leads to a decrease in demand for unskilled labor and thus
unskilled wages. Second, we note that the distribution of profits is crucial for the outcomes

of the native skilled.

In order to more carefully analyze the role of profit distribution in the welfare implications
of an immigration cap reduction, we introduce a new type of household, the entrepreneurs.
The entrepreneurs own the firms and thus their budget constraint is C,; = d;, and the new
Home skilled households budget constraint is Cs; = ws;. Therefore, the new stochastic
discount factor for the firms is Sy = B(u/(Cex)/u'(Cet)). Welfare results following a 10
percent immigration cap reduction are detailed in Table 2.4 below. The results confirm
our intuition. Under competitive labor markets, while home skilled labor benefits from
the resulting skilled labor shortage, home firms are hurt. Intermediate profits decline due
to rising wage costs that increase prices and reduce demand for their output. Increased
offshoring by intermediate producers leads to outflow of wage income from Home. This
reduces demand for the consumption good, thereby hurting consumption good producers
who also face increasing intermediate good costs. Thus, entrepreneurs lose as a result of the

cap reduction.

Through this analysis, we intended to emphasize the importance of accounting for off-
shoring decisions of U.S. firms when evaluating the impact of changes in immigration policy.
Thus, we consider a third scenario where we shut down offshoring in the benchmark profit
distribution case. We expect that if we do not account for offshoring, while firms are likely to
be hurt more by the cap, Home skilled households are likely to gain more through increased
domestic labor demand and a greater rise in wages. The welfare results confirm this as we
see that the Home skilled gain more and unskilled lose less after a cap reduction, when we do
not account for offshoring. To delve deeper into the mechanisms, we analyze the responses to
the cap reduction in this scenario in Figures 2.6 and 2.7. From Figure 2.7, we see that if the
firm does not have the option to increase offshore employment, it does not reduce demand
for immigrant labor as much, which causes the probability to fall by more. The lack of the

offshoring channel causes more pressure on the skilled labor market which causes a greater
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rise in skilled wages and decline in intermediate profits. However, a key channel of impact
on the unskilled workers through offshoring is that increased offshoring leads to a greater
outflow of wage earnings to Foreign and thus a lower expenditure on Home consumption.
Thus, when we shut down offshoring, the unskilled lose by less as their wages fall by less. Our
results indicate that analyzing the impact of immigration policy changes without accounting
for firm adjustment via offshoring may over exaggerate the welfare benefit to skilled, and
underestimate the loss to unskilled workers. Additionally, when entrepreneurs earn profits
and home skilled earn only labor income, the benefit to home skilled labor and cost to en-
trepreneurs is greater in the absence of offshoring as home skilled wages rise by more and
profits fall by more.

In the benchmark model, Home skilled benefit primarily due to the rise in wages and we
do not account for potential changes in employment. In order to analyze the employment
effects on native workers, we introduce labor market search frictions and discuss welfare

impacts of immigration policy changes in this framework.
2.7 Model with Labor Market Frictions

In the framework with search frictions, Home firms in the skill-intensive intermediate goods
sector post vacancies at Home and they can be matched with either a skilled immigrant
worker or with a skilled domestic worker. Home firms also post vacancies in the Foreign
economy for hiring offshore workers, thus competing with vacancies posted by Foreign inter-
mediate sector firms in the Foreign economy.

While posting vacancies at Home, firms cannot differentiate between domestic and immi-
grant workers.'® The probability of getting matched to a domestic or foreign worker depends
on the relative fraction of each type of worker searching for jobs. However, there is still a

policy-imposed cap and additional costs of hiring immigrant workers. For each immigrant

15This is realistic as firms cannot legally differentiate between the two worker types in their job postings.
This also follows Chassamboulli and Palivos (2014), Battisti et al. (2014), Kingi (2017), in which domestic
and immigrant workers are ex ante identical from a firm’s perspective but may have different outcomes
depending on their bargaining power, outside options, and separation rate.
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worker that is matched, firms have to pay an immigration policy cost as in the baseline model.

Search and Matching in the skill-intensive sector

Suppose domestic firm w posts v, (w) vacancies for skilled workers at Home in period t.
The cost of posting a vacancy is k. Given a standard constant returns to scale matching
technology with unemployment elasticity ¢ and matching efficiency y, the probability that
the firm will be matched with a skilled worker (domestic or foreign) is given by x(7)™,
where v, denotes the aggregate vacancies posted, and U, = Uy, + Uy, is the aggregate mass
of domestic and immigrant skilled workers searching for a job.

The market tightness is given by +t. The probability that the firm is matched to worker

Ut
U

type j € {d, f} is g;+ = Ud,iji;]f,tX([’l}_i)ii where d and f denote domestic and foreign respec-

Ujt
Ug+Ug

tively, and is the relative share of job searchers of each type. However, firms that

match with foreign workers have to pay an additional sunk cost for each foreign worker they
apply for, fg.

The second immigration policy restriction, as before, is the cap on the total number
of foreign workers that can be hired each period, Ne,t- Let gs4v¢ be the total number of
matches with skilled immigrant workers. Then, the probability that each foreign worker
that was matched would eventually be able to join the firm is p; = quv—t; Therefore, if the
flow of matches for foreign workers is gr,v;, the mass of foreign workers that eventually get
added to the stock of immigrant workers is 11qyv:.

The exogenous separation rate for domestic workers is d4, and that of foreign workers is
df. Workers hired this period join the firm in the next period and the separation shock is
realized at the beginning of every period. Thus the stock of employed domestic workers at
Home is given by lg++1 = (1 — 64)(lat + garv:), and the stock of employed foreign workers is
Lpavr = (1= 0p)(Lpe + pedrave)-

The first order condition from firms’ optimization problem gives that in equilibrium, the

cost of posting a vacancy is equal to the expected discounted surplus from a domestic match
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plus the expected discounted surplus from a foreign match, both weighed by the probability

of each match, net of sunk hiring costs for foreign matches.

k= (1—=04)Tatqar+ (1 =) reqreee — frqss

The surplus from each match is just the additional value generated from an additional skilled

labor net of the real wage paid, plus the continuation value of the match:

Lot = Efris1 (Vi1 Ziy1 — waerr + (1 — 0g) Lyt

Lii = Eifrirr [aVii1Zi1 — wrepr + (1 —04)T p14]

[gs (surplus from domestic match) is the Lagrange Multiplier (LM) on the stock of
domestic workers employed and I'y; (surplus from immigrant match) is the LM on stock of
immigrant workers employed. W, is the real marginal cost of production and wg; and wy,
are the skilled wages paid to domestic and immigrant workers at Home.

Additionally, firms post vacancies (after incurring a cost %) in Foreign to employ workers

in the offshore affiliate. The corresponding hiring and employment equations are:

* * *
& o 6 (1 N 5*) \Ijt+1Zt+1 . Q w* + Ko
« — Ptit+l - t+1%o t41 *
q; T t+1

lojy1 = (1 =6 )(loy + qivy ;)

where 6 is the exogenous separation of skilled workers in Foreign and ¢; is the probability
that the firm matches with a skilled worker in Foreign. This probability is influenced by the
total vacancies posted in Foreign — vacancies posted by Home intermediate (v*,) and by

o,t

Foreign intermediate in Foreign (v}):

« (U;,t + U;) -
QG =X\ 7+
t Ut

The hiring condition by Foreign intermediate firms and the corresponding law of motion for
workers employed is given by:

* * * * K"
= Et@t,tﬂ(l —0") {\Ijt—&-th-‘rl — Wy T+ *_1

K./*
ok
t t+1
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l:,t—l-l = (1 - 5*)(l:,t + q:v:)

Wages: Nash Bargaining

Home intermediate firms face a surplus sharing rule given by 7,57, (w) = (1-1;) S} (w) Vi €
{d, f,0} where n; is the bargaining power of worker i € {domestic,immigrant,offshore}.
N, = n* (i.e. the bargaining power of skilled workers hired in the offshore affiliate is the same
as the bargaining power (n*) of all Foreign skilled workers). S*" is the firm’s surplus and SV
is the worker’s surplus from the match. The surplus sharing rule implies that the domestic,

immigrant, and offshore skilled wages (wa, wyt, wo,) are given by:

War = Na(VeZi) + (1 — na)way

wyy = np(aVeZy) + (1 —nyp)ws,
v, 7

wl, = Q! ( ) ),

where @y, @y, @, are the outside options of the workers. Under the assumption of no
unemployment benefits in the baseline case, the only outside option of workers is the expected
surplus from searching for a job in the next period (taking into account the probability that
the potential match will survive).

The job finding probabilities (weighed by the proportion of workers searching for jobs)

of skilled domestic workers (i4, is given by:

1—e
Lt = Ud’t Xt ( o )
’ Ud,t + Uf7t Ud,t + Ufjt

The outside option of immigrant workers is finding a job in Foreign (either with the

* * 1—e
offshore affiliate or with the Foreign intermediate) with probability ¢; = x <v“’tUtUt )
t

Prices, profits, and other equilibrium conditions are similar to the baseline model.'¢

6 Except that vacancy posting costs are deducted from the intermediate firms’ profits in both countries.
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Let the total measure of domestic skilled workers in the labor force be Ly and that of
immigrant households be L;.17 Then Uy; = Lg—1l4; and Uy, = Ly —1;, are the domestic and
Foreign unemployed (job searchers) in each period. Employed and unemployed households
of each type pool labor income, as is standard. Thus, the budget constraints are similar to
the baseline model except that now labor income is earned only by the measure of employed
households of each type. Household preferences and optimal consumption choices are exactly
the same as before.

Given that foreign workers are immigrants in the Home labor force, the skilled labor
market clearing in Foreign requires L,” = N} liy +log + fo+1ys + Uf. Foreign firms face
a similar surplus sharing rule as Home firms and skilled wages paid are determined as:

w:,t =" (Vi Z;) + (1 - U*)w:,t-

2.7.1 Calibration

The addition of labor market frictions requires us to set parameters that govern the labor
market. We choose the matching elasticity € as 0.4 as is standard in the literature (Blanchard
and Diamond (1989)), and the bargaining power of both workers, 7y = 1y = 0.4, as the same
as € so that the Hosios condition holds. Vacancy posting costs at Home, x, are normalized
to 1. We choose d4 and ¢ to match average quarterly unemployment rate of Home skilled
of 2.9 percent over 2004-2015 and the quarterly rate of immigrant unemployment as 4.2
percent. We then annualize the resulting values of the respective exogenous separations.
We then jointly calibrate the remaining parameters {x*, k%, d*, x} by targeting the annual
rate of Foreign skilled unemployment as 11 percent, the ratio of immigrant to domestic
skilled wages in Home as 1.005, and the Foreign skill premium as 4.99. Data on average
annual unemployment rates and wages of domestic and foreign born workers are computed
from monthly Current Population Survey data over 2004-2015. Table 2.5 summarizes the

calibrated parameter values.

17At any point in time, we keep the total pool of immigrants in the Home labor force as fixed to begin
with.
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2.7.2 Welfare

A 10 percent cap reduction under the search and matching framework causes the cost of
posting vacancies in the Home country to rise due to the fall in fraction of matched immigrant
workers the firm is able to “bring” to itself. This explains the initial decline in vacancies
posted. Lower skilled labor at Home also increases the marginal revenue product of skilled
workers and therefore the surplus from skilled workers — this leads to an increase in vacancies
posted at Home. The higher surplus also increases the expected benefit of workers of finding
jobs and therefore increases their outside options. The higher outside option leads to an
increase in wages of domestic skilled workers but as the outside option falls, wages fall. As
the job finding probability of domestic skilled workers falls, this eventually leads to a rise in
their unemployment rate. Due to higher outside option and higher costs of Home vacancy
postings, Home intermediate firms substitute towards vacancies posted offshore. (This causes
Home skilled unemployment to rise. Additionally, since the fall in probability u causes a
rise in immigrant workers searching for jobs that is larger than the rise in Uy, firms are more
likely to get matched with immigrant workers. This decline in skilled wages and worker
separation causes Home vacancies to rise, however, they do not rise by enough to counter
the falling probability ¢; as the stock [, falls. In comparing welfare results with competitive
labor markets, the rise in Home skilled unemployment and eventual decline in Home skilled
wages leads to a decline in welfare of Home skilled. Further, Home skilled profits fall on
impact rather than rise as under competitive labor markets, since the firm needs to take
on additional costs of vacancy postings when the immigration cap is reduced. Eventually
these profits rise due to the reduction in the wage bill, however, the outflow of offshoring
related payments, and reduced immigrant population reduces the profits of consumption

good producers.

Again we consider the case when home skilled households are separated into entrepreneurs
and labor. From the results in Table 2.6, we clearly see that home skilled labor is hurt by the

cap reduction, and this loss in welfare is due to rising home skilled unemployment that leads
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to falling skilled wages. Additionally, entrepreneurs lose by more than under competitive
labor markets as they are faced with greater labor shortages, and rising vacancy posting

costs.
2.8 Conclusion

In this paper, we introduce a two-country dynamic general equilibrium model with skilled
immigration, offshore labor hiring, and trade in skill-intensive intermediate inputs. We
employ the calibrated model to study the interaction between skilled immigration policy
changes in the U.S. and offshore labor hiring in the skilled services sector. In the model, a
lower skilled immigration cap increases offshoring at the intensive margin. We show that it
is important to take into account firm adjustment in offshoring following immigration policy
changes. In particular, if we did not account for an adjustment in offshoring, we would
overestimate the wage benefits for native skilled workers from reducing skilled immigration.
Therefore, it is important to account for the role of offshoring. Yet, much of the current
literature has ignored this channel when evaluating the impact of skilled immigration policy
changes.

By studying the interaction between skilled immigration policy changes and offshoring in
a dynamic general equilibrium model, we are able to highlight other channels that influence
the impacts of immigration policy changes —for instance, the distribution of firm profits and
the presence of labor market frictions. However, the model is a first step in studying the
interaction between skilled immigration policies and offshoring in the skilled services sector.
It abstracts from the role of firm heterogeneity, the extensive margin of offshoring, and the
role of other temporary work visas for skilled workers (for instance, L1 visas are important
for multinational firms). Moreover, the search and matching model extension currently does
not feature Foreign households’ decision to migrate to Home and search for jobs. All these

are important channels and we leave this for future work.
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2.9 Tables
Table 2.1: A Priori Parameters
A Priori Parameters Value Target
Discount Factor 5 =0.96

Elasticity of Substitution ¢ =6 = 3.8

Return migration 0=0.1

Cap N, = 0.0022
Domestic unskilled labor [, = 1.84
Foreign skilled labor Lr=1.2

Foreign unskilled labor ly=4.84

Average return migration
Cap/Domestic Skilled Labor
Proportion of U.S. unskilled labor
India’s skilled labor/U.S. skilled labor

Proportion of Indian unskilled

Table 2.2: Targeted Moments

Target Data Model
Share of exports in skilled service sector GDP 0.12  0.16
Share of imports in skilled service sector GDP 0.09 0.07

Average fraction of immigrant applications approved 0.40  0.40

Skill Premium 1.85 1.20
Table 2.3: Calibrated Parameters
Calibrated Parameters Value
Skill Intensity a = 0.40

Mass of Foreign Intermediate Firms Nj = 0.3765

Sunk Immigration Cost
Iceberg Trade Cost
Fixed Offshoring Cost

fr = 0.1274
7 =1.1078
f, = 0.4836
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Table 2.4: Welfare Impact of 10 Percent Immigration Cap Reduction

Profit Earners (Scenario) Home, Skilled Home, Unskilled Home, Entrepreneurs
Home Skilled (Offshoring) 0.0104 -0.0663

Entrepreneurs (Offshoring) 0.0996 -0.0663 -0.0838

Home Skilled (No Offshoring) 0.0183 -0.0602

Entrepreneurs (No Offshoring) 0.1138 -0.0602 -0.0860

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

Table 2.5: Calibrated Parameters Under Labor Market Frictions

Calibrated Parameters Value
Foreign Vacancy Posting Cost K* = 1.4908
Offshore Vacancy Posting Cost k5 =0.2000

Domestic Exogenous Job Separation  d4 = 0.0378
Immigrant Exogenous Job Separation d¢ = 0.0725
Foreign Exogenous Job Separation 6* =0.0719
Matching Function Efficiency x = 0.6913
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Table 2.6: Welfare Impact of a 10 Percent Immigration Cap Reduction: Competitive versus
Frictional Labor Markets

Competitive Labor Markets

Profit Earners Skilled  Unskilled Entrepreneurs
Home Skilled 0.0104  -0.0663
Entrepreneurs 0.0996  -0.0663 -0.0838

Frictional Labor Markets

Profit Earners Skilled Unskilled Entrepreneurs
Home Skilled -0.0544  -0.1038
Entrepreneurs -0.0298  -0.1041 -0.0653

Note: Values reported above are in percent of initial steady-state consumption.
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Chapter 3

AN ESTIMATED MODEL OF HIGH-SKILLED MIGRATION
WITH SEARCH AND MATCHING FRICTIONS

Federico Mandelman and Mishita Mehra
3.1 Introduction

This chapter takes a step in estimating a search and matching model with skilled immigra-
tion. Labor market parameters such as the bargaining share of workers play an important
role in equilibrium efficiency (Hosios (1990)). However, it is difficult to pin down some of
these parameters, which creates potential problems for calibration (Lubik (2009)). This may
be of particular relevance for models with skilled immigration as native and foreign-born
workers may have different bargaining powers. These parameters are not only important for
quantifying inefficiency in the economy, but may also influence how the economy responds
to economic fluctuations and to policy changes.

Motivated by this, we present a search and matching model with skilled immigration.!
In the model, monopolistically competitive firms in the skill-intensive sector post vacancies
and can be matched to either a skilled foreign worker or to a skilled domestic worker. The
probability of getting matched to either worker depends on relative fraction of each worker
type searching for jobs. However, there is a policy-imposed cap and additional cost of hiring
foreign workers. We treat the model as a data generation process for a set of aggregate
variables and estimate some of the model parameters using Bayesian methods using U.S.

quarterly data from 1995 to 2017.

I This is similar to the model extension presented in chapter 1. The major differences are homogenous
production technology in the skill-intensive sector, an immigration policy cap that always binds, and
endogenous outside options of foreign workers.
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The main labor market parameters that we estimate to begin with are the elasticity of
the matching function and the bargaining shares of skilled foreign and skilled native workers.
Preliminary results highlight that the bargaining power of domestic skilled workers is higher
than the bargaining power of foreign skilled workers. Moreover, the bargaining power of
both type of workers is different from the elasticity of the matching function, implying a
departure from the Hosios condition in this framework. Preliminary analysis also shows that
these results are generally robust across different sets of observables and shock processes.

In the future, we plan to employ these estimated parameters to analyze the implication

of skilled immigration policy reform.
3.2 Model

3.2.1 Households

The domestic economy consists of a continuum of three types of infinitely-lived households
that supply units of skilled and unskilled labor inelastically. Each skilled and unskilled
representative household has the same preferences over a basket of goods produced at Home.
The lifetime utility of skilled domestic (d), skilled immigrant (f), and unskilled domestic (u)

households is given by:
IgjltX EtZtBTt <lnC'j,T> Vi e {d, f,u} (3.1)

where Cj, = (5£)*(2£)'7* is the consumption basket of each household. ¢y, is the basket

of sector 1 goods consumed, and cg is the sector 2 good consumed. « € (0, 1] is the weight of
sector 1 goods in consumption. The consumption-based price index is P, = (p4+)*(pas)' ™,
where p; ¢ and p,; are the price indices of sector 1 and sector 2 goods, respectively. The price
indices in units of the consumption basket are py; = py,/P; and pay = pay/P;. Therefore, the
consumption-based price index can also be expressed as 1 = (p1,;)*(p2¢)' ™ in units of the

consumption basket. The basket of sector 1 goods is given by ¢;; = fweg(clvt(w)%dw)%,

where 6 > 1 is households’ symmetric elasticity of substitution across sector 1 goods. Thus,
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the price index of sector 1 output is p;; = fweﬂ(plﬁt(w)l_edw)ﬁ where p;;(w) is the price
of the good w. The demand for each good in sector 1 by household type j € {s,u} is given
pl,t(“’))—@ic'

by a( DP1,t J

p1,t(w) )—QL
P1.t P

+or af St

The demand for the sector 2 good by household j is given by (1—a)%0j’t = (1—a)/71ﬂ£0j7t,
where ps; is the price of sector 2 output in units of the consumption basket. The labor supply
of the representative unskilled household is normalized to I,. Unskilled households consume
their labor income i.e. C\,; = Wy 41,1, Where w,; is the real wage paid to unskilled labor, and
is determined competitively in a separate labor market for unskilled labor. Skilled domestic
households pool income and their consumption is given by Cq; = wglas + di, where d;
is the profit income of sector 1 firms in units of the consumption basket (skilled domestic
households are the skill-intensive sector’s firm owners in the baseline model). wg; is the
real wage paid to skilled domestic labor, which is determined in the labor market via Nash
bargaining. The mass of employed domestic skilled workers (I4:) is determined in the labor
market via the matching process. The total mass of domestic skilled households in the labor
force is given by Ed,t, where Ed,t = ddl_d, where dd is a shock to the domestic skilled labor force
and follows an AR(1) process in logs. The mass of unemployed domestic skilled workers is
given by ug; = Ed,t — 144 The mass of employed and unemployed immigrant skilled workers
is determined similarly and is given by l¢; and uys; = Ef’t — lyt, where [jﬁt = 5? l ¢, and
el also follows an AR(1) process in logs. Consumption of skilled immigrants is given by

Cyr = wylyy, where wy, is wages of skilled immigrant workers, also determined via Nash

bargaining in the labor market for skilled workers.

3.2.2  Labor Market in the Skill-Intensive Sector

There is a constant mass of firms in the skill-intensive sector that produce output us-
ing domestic and foreign skilled labor. FEach monopolistically competitive firm produces
differentiated varieties (indexed by w) using an identical technology given by y;:(w) =
Zi(lp4(w) +lge(w)), where [z, and [f, are the domestic and foreign skilled workers employed

by the firm, respectively. 7, is the aggregate productivity that follows at AR(1) process in
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logs. In order to hire skilled workers, firms post vacancies (at cost ) for hiring skilled work-
ers and they can be matched with either domestic or immigrant skilled workers, depending
on the relative proportion of job searchers of each type. The matching function is given by
m(ve, uy) = xeuSvi ¢, where € is the matching function elasticity, y; is the matching function
efficiency, uy = uqy + ug, is the total mass of job searchers (including immigrant us, and
domestic ugy), and vy is the total vacancies posted by firms. The matching function efficiency
X¢ 1s given by x; = &), where ) is a shock to the matching efficiency. The probability of
matching with a skilled worker (domestic or foreign) is given by p; = Xt(:i—’i)*ﬁ. The probabil-

“t i (—2—)"¢ and the

d,
Ug,tFUf L Ug,ptuf

ity of matching with a domestic skilled worker is given by gq; =

(%7

)~¢. However,
Ug,ttuf ¢

probability of matching with a foreign skilled worker is ¢z = - ﬁ;f , X (
there is an immigration policy imposed cap on the total number of foreign skilled matches
that a firm can "bring to the firm’. The probability of an application for an immigrant skilled

worker being selected is given by

N,
qr = i (32)
gtV

where Ne,t is the cap on foreign workers and gy v, is the total number of matches with foreign

workers. The cap is always binding in this framework. Moreover, for all foreign matches, firms
have to pay a sunk cost f, (to capture restrictive administrative procedures imposed by skilled
immigration policy). Since firms are able to retain only a fraction of their foreign matches, the
stock of foreign workers evolves according to Iy (w) = (1 — 0¢)(lft—1(w) + ve—1(W)qft-1G—1)-

The stock of domestic workers employed is given by Iy (w) = (1—=34) (lg—1(w)+vi—1(w)qa—1)-

Firm’s Profit Mazimization Problem:

Each firm’s profit maximization is given by

max . b Z Bri [Pl,r(w)yl,r(w) — W7 (W)lar(w)—
{re@ @)@ lac @}, T

wf,‘r(w)lf,T(w) - HJUT<W) - Qf,T(w)UT(w)fT

subject to following constraints:
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1. Production Technology:

yre(w) = Zi(lge(w) + lag(w)) (3.3)
2. Stock of domestic workers:
lag(w) = (1 = d4)(lag—1(w) + ve-1(W)qa—1) (3.4)
3. Stock of foreign workers:
Lra(w) = (1 = 05)(Lpa—1(w) + ve-1 (@) qre-1Ge-1) (3.5)
4. Demand:
nale) = (D) oy, (3.6)

Bii41 is the stochastic discount factor which is the stochastic discount factor of domestic
skilled households as they are the firm owners in the baseline setup. The hiring condition is

given by (from the F.O.C. with respect to v;):

K = (1 - 5d)Et[6t,t+1Fd,t+1(W)]Qd,t + (1 - 5f)Et[ﬁt,t+1Ff,t+1(W)}Qf,tQt - erf,t (3~7)

where I'y; is the Lagrange Multiplier (LM) on (3.4) and I'y; is the LM on (3.5) and these

are also the surplus from the respective matches. The F.O.C w.r.t [, and [, give
Pap(w) = Eu(w)Z —war(w) + (1 = 0a) Ey[Brps1lapsr(w)] (3.8)
Pri(w) = Ei(w)Z —wpi(w) + (1 = 0p) Ei[Brimalap (@) (3:9)
E; is the LM on (3.3) and is the real marginal cost of production. (3.8) and (3.9) state that

the surplus from the matches is just the value of output generated by each match net of

wages plus the continuation value of the match.

Wages: Nash Bargaining
Wages are determined by a surplus sharing rule given by niSft(w) =(1- ni)SX‘{ (w) Vie
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{d, f}, where n; is the bargaining power of worker i € {domestic, foreign}. S* is the firm’s
surplus and S" is the worker’s surplus from the match. Workers’ surplus is given by wage

minus outside option plus the continuation value of match:

SZ(W) = wd’t(w) — Wt + (1 — 5d)EtBt,t+ISCIl/Z+1 (Cd)

SP(w) = wpw) — @y + (1= 8BS0 SF i (w)

ﬁt’f ++1 1s the stochastic discount factor of foreign skilled households which may differ from that
of domestic households and firms as foreign households are not firm owners in the baseline
setup. w;, is worker i’s outside option described below. Since there are no firing costs, firm
surplus is given by Sf; =TI, Since all firms are symmetric, we drop the index w below. Using
expressions for I'; , Sivft/ , and the surplus sharing rule, we can get the solution for domestic

and foreign skilled wages as:
Way = Na(E:2;) + (1 — na)way (3.10)

wy = np(ZeZs) + (1 —=np)wpe + (1= 6) Ee[ g1 (Brera — 5tf,t+1)] (3.11)

where the last term in (3.11) comes from different stochastic discount factors of firms and
foreign households Under the assumption of no unemployment benefits in the baseline case,
the only outside option of workers is the expected surplus from searching for a job in the next
period (taking into account the probability that the potential match will survive). Therefore

the outside options are given by:

@ar = Ey[Brirriaes1 (1 — 04)Sqria]
Wrt = E; [Bt,tﬂif,tﬂ(l - 5f)5?,/t+1]

where i4, and is, are the job finding probabilities of a skilled domestic and foreign worker,

respectively, and are given by:

Uq ¢ Uy 1—e
Xt
Ugr + Ufpt Ugr + Ufps

gt =
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) Uft % 1—e
Try = : 3.12
fit Uay + uf,tXt(Ud,t T Uf,t) ( )

The job finding probabilities of workers are also weighed by the proportion of workers search-
ing for jobs. The job finding probability of skilled worker (either domestic or foreign) is given
by i, = Xt(ud’thtum)l_e' Using S}} = (1—77_77—)S£ (from surplus sharing rule) and using S}, = Iy,

we can write outside option of workers as:

@ar = Ey[Brat1iagm (1 — 5d)(1ﬁ—dnd)rd,t+1] (3.13)

pu = Blfuninen(l = 60 ST (3.14)

Profit maximization by firms implies that prices are a markup over marginal cost: p;; =

%:t Period t profits of firms in the skill-intensive sector is given by d; = p14y1+ — Watlas —

wf,tlf,t — KUy — frCIf,tUt

The Unskilled Sector

Production technology for perfectly competitive firms using unskilled labor is given by y2; =
Zily¢. Prices of symmetric firms in units of the consumption basket is the real marginal cost

of production: ps; = w1/ Z.

Aggregate Accounting in the Home Economy

Aggregate accounting implies that aggregate output is equal to the aggregate demand in
units of the consumption basket: p1,y1++ p2tyor = Y, where Y,© = Cyy 4+ Csy + C i 4 vy +
frqrsve. Since all firms are symmetric, the goods market clearing for skilled sector output
is given by y1; = aY,®/p1, and for unskilled sector output is given by yo2; = (1 — @)Y,/ pa..
The decentralized equilibrium allocation is determined as a solution of 30 equations in 30
variables: P1t, P2t Cf,t, Cd,t; Cu,ty W, Wrty, Wyt dy, lf,t, ld,t, Udyity, Ufty Gty qdity Gfts Y1,t, Ut
Lae, Upe, Sby @Wae, @Wre, You, Lat, Lee, Les Xt [_/d,n I_/fvt, where the last four are exogenous

shock processes.
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3.3 Bayesian Estimation

We estimate the model presented above using Bayesian estimation techniques that uses a
general equilibrium approach and fits the solved DSGE model to a vector of aggregate time
series (see Fernandez-Villaverde and Rubio-Ramirez (2004) for additional details).? The

model is estimated over the sample period from 1995:1 through 2017:4.

3.3.1 Data

The number of data series used in the estimation cannot exceed the number of structural
shocks in the model. Since we have four exogenous shock processes, we use four U.S. quarterly
data series for the baseline estimation: output, unemployment of domestic skilled workers,
employment of domestic skilled workers, and unemployment of foreign-born skilled workers
for the sample period 1995:1 through 2017:4. For robustness checks, we also consider alter-
nate series on wages of domestic skilled workers, wages of foreign skilled workers, and the job
finding rate of skilled workers. Output is defined as seasonally adjusted real gross domestic
product in chained 2009 dollars from the Federal Reserve Bank of St. Louis. Quarterly data
from 1995 to 2017 for employment and unemployment of domestic and foreign workers is com-
puted from the monthly Current Population Survey (CPS) data. Average quarterly domestic
and foreign wages are computed using weekly wage data of skilled foreign and native-born
workers in private non-farm employment from the CPS. The wage data is deflated using
the CPI deflater to convert it in real units. We seasonally adjust each data series using the
X-12 ARIMA method. The job finding for skilled workers is computed using de-seasonalized
monthly CPS data data as in Shimer (2005). Each de-seasonalized data series is expressed in
natural logs, then detrended using a linear trendand then first-differenced to obtain growth

rates. The detrended data series (in growth rate) used in the baseline estimation is plotted

2The main idea is to first estimate the mode of the posterior distribution by maximizing the log posterior

function, which combines the prior information on the parameters with the likelihood of the data. In a sec-
ond step, the Metropolis-Hastings algorithm is used to get a complete picture of the posterior distribution
and to evaluate the marginal likelihood of the model.
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in Figure 3.2. All seasonally adjusted non-detrended data used in estimation and calibration

is plotted in Figures 3.3 - 3.12.

3.3.2  Calibration

Some parameters are kept fixed in the estimation. The discount rate [ is set to 0.99, as is
standard in the literature. We set the elasticity of substitution across product varieties to
¢ = 3.8 (Bernard, Eaton, Jensen, and Kortum (2003)). We normalize the vacancy posting
cost k to 1. The share of sector 1 goods in consumption is set at a = 0.5 to match the
average share of unskilled income in total aggregate income over the period 1995 to 2017.3
The domestic skilled labor force Ly is normalized to 1 and given this normalization, the
domestic unskilled labor supply is calibrated to L, = 2.22 to match the average share of
domestic workers over this time period with less than a bachelor’s degree of 31 percent.
The immigration cap N, is set to 0.00021 in order to match the average (quarterly) cap
imposed by actual policy over the 1995 to 2017 period as a proportion of the normalized
average domestic skilled labor in the economy. The total foreign skilled workers in the U.S.
labor force is set to L; = 0.1875 to match the average skilled foreign labor in the U.S as a
proportion of the average skilled domestic labor. The separation rates d4 and d; are set to
0.036 and 0.06 to match the average quarterly separation rates computed using monthly CPS
data as in Shimer (2005). The sunk cost of immigration and the efficiency of the matching
function are jointly calibrated at fzr = 0.12 and y = 0.68 to target the average job finding
probability of skilled workers (i = 0.71) and the average ratio of native skilled wages to
foreign skilled wages (wq/wy = 1.01).

3.8.3  Prior Distribution

Table 3.1 presents the calibrated parameters and the mean and standard deviations of the

prior distributions of the parameters {nq, n¢, €, ¢., ¢4, @7, ¢} and shock processes {o¢, 014, 017, 0 } }

3This follows from sector two’s good market clearing: ZI, = (1= a)Y*°/ps, which implies that Wyl Y =
(1-a).
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to be estimated, along with their respective densities. The shapes of the densities are se-
lected to match the domain of the structural parameters, and we deduce the prior mean and
distribution from previous studies. The prior mean for the elasticity of the matching function
€ is set to 0.5, which is the commonly used value in the literature (Petrongolo and Pissarides
(2001)). We allow for a relatively large interval as these values are not uncontroversial (Lubik
(2009)). Following most calibration exercises that set the bargaining share of workers to be
the same as the elasticity of the matching function (so that the Hosios condition is met),
we set the prior mean of both bargaining shares as 0.5. However, since these parameters
are of key interest to us as they have potential implications for efficiency and for the impact
of policy changes, we choose a relatively loose prior for these parameters in order to gain
information from the data. Following Lubik (2009), we use a uniform distribution prior
with a relatively wide coverage interval for the bargaining share of workers. We do not have
much prior information about the magnitude of shocks. The prior for the standard errors of
the stochastic components {e, 0;4, 077, 0y } is assumed to follow Inverse Gamma distributions
with (a degree of freedom 2) as such a distribution delivers positive values with a relatively
large domain. The prior distribution of the autoregressive parameters of the shocks follows

a Beta distribution that covers the range between 0 and 1.
3.4 Preliminary Estimation Results (Posterior Distributions)

Figure 1 shows the prior and posterior density of the parameters. The plots show that the
marginal posteriors and the priors differ, which signals that the data are relatively informative
about the values of the estimated parameters. Table 2 reports the posterior mean and 90%
probability interval of the structural parameters. The posterior mean of the bargaining
share of domestic and foreign workers are different and the bargaining power of domestic
skilled workers is higher than the bargaining power of foreign skilled workers. Moreover,
the bargaining share of both type of workers is different from the elasticity of the matching
function, implying departures from the Hosios condition in this framework. Preliminary

analysis also shows that these results are generally robust across alternate data series used
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as observations — wages of foreign-born workers, wages of domestic-born workers, and job

finding rate of skilled workers.
3.5 Conclusion and Future Work

This chapter presents a very preliminary estimation of a search and matching model with
skilled immigration. The estimation results show that the bargaining power of domestic
skilled workers exceeds that of foreign skilled workers, and both workers’ bargaining shares
are in general different from the elasticity of the matching function. This is generally robust
across different sets of observables. The next steps are to analyze and refine the model fit
and to employ the estimated parameters to evaluate immigration policy reform. Immigrants
impose a cost to the domestic economy but also create benefits via additional output pro-
duced. During an expansionary period, the value of an additional skilled immigrant will be
higher and therefore, the optimal number of skilled immigrants should be higher. Similarly,
during economic downturns, the optimal number of immigrants would be lower. We plan
to use the estimated parameters to evaluate the impact of immigration policy reform along

these lines.



3.6 Tables

Table 3.1: Prior Distribution

Parameter Density Mean Std Dev
I6] Fixed 0.99 -

0 Fixed 3.8 -

K Fixed 1 -

Q@ Fixed 0.5 -

Ly Fixed 1 -
L, Fixed 2.22 -
Ly Fixed 0.1875 -
N, Fixed 0.00021 -

04 Fixed 0.036 -

Of Fixed 0.06 -

fr Fixed 0.12 -

X Fixed 0.68 -

€ Inv Gamma 0.5 0.15
Ul Uniform 0.5 0.15
Md Uniform 0.5 0.15
R Beta 0.75 0.15
Of Beta 0.75 0.15
bdq Beta 0.75 0.15
O Beta 0.75 0.15
O, Inv Gamma 0.01 inf
Old Inv Gamma 0.01 inf
oy Inv Gamma 0.01 inf
Oy Inv Gamma 0.01 inf
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Table 3.2: Summary Statistics for the Prior and Posterior Distribution of Parameter Esti-

mates

Parameter Density Mean Std Dev Posterior Mean 10% 90%

€ Inv Gamma 0.5 0.15 0.4871 0.4169 0.5555
Ny Uniform 0.5 0.15 0.3047 0.2657 0.3412
M4 Uniform 0.5 0.15 0.7334 0.6976 0.7598
0, Beta 0.75 0.15 0.9793 0.9623 0.9981
of Beta 0.75 0.15 0.7657 0.6664 0.8359
0d Beta 0.75 0.15 0.7913 0.7365 0.8554
O Beta 0.75 0.15 0.4454 0.3738 0.5187
Oc Inv Gamma 0.01 inf 0.0030 0.0026  0.0033
Old Inv Gamma 0.01 inf 0.0058 0.0049 0.0067
oy Inv Gamma 0.01 inf 0.0784 0.0687 0.0881
Oy Inv Gamma 0.01 inf 0.0830 0.0708 0.0965
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3.7 Figures
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Figure A.5: Earnings of foreign born as percent of native born: Bachelor’s degree and higher,
25 years and over

A.2 HI1-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 6 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.
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Table A.1: Major Entry Routes for Foreign Skilled Workers (2014)

Visa Category Proportion of Total
H1-B 66.1 %

L-1 29.3 %

TN 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 2011 through 2003.
In 2001, cap exemptions were introduced for employees of higher education, 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. These exceptions raise the actual number of visas issued to over
120,000 each year. 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 for one or more foreign workers for a particular occupation and thus
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they signal firm vacancies in specific occupations for foreign workers. However, there are some
limitations of 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 1 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.

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 1-129 form' and the
required visa fees. 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 I-129 for the same prospective employee. Most of the filing and legal fees are borne
by the employer. If the number of H1-B visa petitions (I-129 forms) that fall within the
non-exempt category exceed the cap, the USCIS randomly selects visas for processing via a
lottery system, until the 65,000 cap is reached. The filing fees paid for the unsuccessful visa
applications is returned (unless it is discovered that multiple H1-B petitions are submitted for
the same employee). In the last few years, the number of H1-B petitions filed by employers
have reached the annual limit within days after the beginning of the filing period which is

the first day of April..

A.3 Model with Complementarities between Domestic and Foreign Skilled
Labor

The production technology is now given by: y; +(2) = 2Z;l5+(2) where:

1/v
loa(2) = (A“-W;t(zm . A)(l-w;,t(z)w) .

! This proves the workers qualifications
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v = 1 — gives the baseline model. When v < 1, foreign and domestic skilled labor
are imperfect substitutes. As ~ falls, foreign and domestic skilled labor increasingly become

complementary. Now wages of domestic and foreign skilled households are given by:

wh, = V14(2) Ziz(ls4(2)) (10, (2) DAY

why = 14(2) Zez (Lo (2) (1, (2) 5V (1 = N0

and the hiring condition of foreign skilled labor is given by:

Frl@tg+fr = (1=0)E{B(Corr1/Cot) [pe1(2) Zesrz (Lo (2) 7 (U1 (2)) 07D (1=0) )

— Wiy + fR/G1 + 9+ fr]}

Rest of the model is the same as the baseline case with perfect substitutes.

A.4 Steady-State Solution in the Baseline Model

Since the model features an occasionally binding constraint, the model is equivalent to one
with two regimes. The constraint is binding under one regime and slack under the other
and each regime has a separate non-stochastic steady state. I first solve for the steady state

when the cap is not binding.
When the Cap does Not Bind (q=1):

Here, 1 derive expressions for the average real prices in sector 1, p;, and the average
stock of foreign skilled workers, I5, and all other endogenous steady-state variables can be
expressed as a function of these.

From the market clearing condition in sector 1 we can get: ZZ(1+ l}i) = aY*/py, where
the aggregate demand Y¢ = C,+C;+Cy+ (fr+ fr+9)Ne. Substituting the households’ bud-
get constraint, we can write aggregate demand as Y ¢ = w5(1+l~;)+J+T+wul_u—|—(fR—|—fT)Ne.
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Consider the average price setting equation in sector 1, w; = %Z Zp1, the average firm
profit in sector 1, d = 141 /0 — (fr + g + fr)Ne., and the average transfers to households,
T = gN,, we can obtain Y°¢ = 21775,(1 + ijc) + mZz(1 + l}‘i)/@ + wyl,, and therefore
Ye=p1 ZZ(1+15) + wil,.

Then substituting for Y¢ in the market clearing for sector 1, we have: p;ZZ(1 + Z}i) =
a(pZzZ(1+ i}) + wyl,). Using expression for real wages in sector 2, w, = p2Z, and also the
price index equation, p$py ® =1, we can write:

1

(1—a)z(1+15) =a(p) 1, (A.4.1)

Consider the steady state aggregate hiring condition which can be written as:

(1-0)BpnZz
0(1—(1—-19)B)

Using A.4.2, we can get the average price of sector 1 output as p; =

(fr+9+ fr)= (A4.2)

O(fr+9+fr)(1-(1-6)B)
(1=6)372 :

Then, using the price setting equation for sector 1, real wages of skilled workers can be

(O=1)(fr+g+fr)(1—(1-0)B)
(1-9)8 )

average sector 1 prices in D.1, we can get:

written as wy =

Finally, substituting the expression obtained for

q_ aZTl, (1-6)3Z ol ,
T7 (A —a) [0(fr+ fr+9)(1—(1-0)8)

Once we have p; and I3, we can obtain the other steady state expressions for N,, Y3, P2, Wy, Cy, Cs, C; YE,

since these variables can be expressed as a function of l}i, and pq:

(&3

~a—1

P2 = P
Y, = ZZ(1+15)
N, = 63/(1-9)

All other variables can be expressed as a function of these variables.
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Steady-State Firm Profit and Skilled Wages as a Function of Skilled Foreign Labor Stock:

Using the expression for average firm profit in sector 1 i.e. d = 0i1/0— (fr+9+ fT)Ne,

1—a
and substituting p; = <%) (from D.1) and Y7 = ZZ(1 + i?‘), we get:
o)z ¥

~ al, o o o =
d= <(1_a>) ZZ(1L+13)*/0 — (fr+ g+ fr)dl;/(1 —0) (A.4.3)

Also, using the price setting equation for sector 1 and equation A.4.2, we can obtain steady-

state skilled wages as a function of skilled labor stock as:

» Oél—u l1—a
ws=(0—-1)Z% ((1—(1)(1+l~j)) /6 (A.4.4)

Steady State When the Cap Binds

When the cap binds, gN, = N, and therefore from the law of motion for foreign skilled

workers, we have Z} = 6N,/(1 —6). Since the market clearing in sector 1 still needs to hold

- T a—1
for the aggregate, we have p; = (%) . Then, using the optimal hiring condition,
-1
o (1-8)B(adl, ) —*Z%
we can get: q = fr {9(1(15)5)((1a>g(5+(15)m>)1a —Jr- 9} '

A.5 Social Planner Allocation

Consider the problem of a Social Planner who maximizes welfare of domestic households
and chooses the optimal entry of foreign skilled workers in the domestic labor force, taking
the firm size distribution, preferences, technology, and resources available in the economy
as given. Let fr be the technologically imposed cost of hiring skilled immigrants in the

economy. The planner’s problem is given by:

max B {a g Bn(Cy) + (1 — a) i 3t m(cs,t)]

oo
{(Cu,t ,Cs,t,Ne,t (z) 7l?t+1 (Z)vyl,t (z) 7y2’t}t:0 t=0
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s.t.

_6

0o o0 % =T\ « l1—a
Cos+ Car + fr / Ne,t(z)dG(z):(fz"”'"yl’t(z) 4G(2) )(ﬂ) (A5.1)

o 11—«

Zmin

/OO 14(2)dG(z) = /00 (Ziz(l54(2) + 15, ,(2)))dG(2) (A.5.2)

Zmin Zmin

Yo, = ZLu (A5.3)
| Bn@ice = -0 e+ [ Na@deE) (A5
/ T ()G() =T, = 1 (A.5.5)

where a € [0, 1] is the planner’s weight on domestic unskilled households’ welfare.

The first constraint is the aggregate resource constraint — the total output can be used
for aggregate consumption and incurring the technological component of the sunk cost
for hiring foreign skilled workers. The Lagrange multiplier on this constraint, ¢;, repre-
sents the social marginal utility of consumption resources. In the Planner’s environment,
Y =Cui+Csp + frNey.

The second constraint defines production technology for firms in sector 1. The Lagrange
multiplier on this, 14, denotes the social marginal cost of producing one more unit of sector 1
output. Similarly, the Lagrange multiplier on constraint (A.5.3), n, gives the social marginal
cost of producing one more unit of sector 2 output.

Constraint (A.5.4) gives the law of motion of foreign skilled workers. Note that the social
planner’s constraint does not include the probability of an application being selected, g,
because the Social Planner does not face a cap. The Lagrange multiplier associated to this
constraint, &, denotes the real marginal value of a foreign skilled worker to society.

The first order conditions are given by:



a
u,t
(1—a)
Cs,t

EB(vg1 Ze1Z + (1 = 0)&1)]

—Gtfr + (1 - 5)&5

a—1 11—« 71
¢ & Y2,t yl,t(z)
"\ a 11—« Yis
(2) (725)
St | —
a l—«

Cu,t + Os,t + .fTNe,t

where Y; ; = foo_n yl,t(z>%dG(z)' Also, L5, = I

Zmi Zm

aggregate values across all firms.

St vt

St vt

&Vt

Vg Yt

ne Vit
« 11—«
() (25) v
« 11—«
Zt%(l‘i‘L?t) Yt
ZiL, Yt

(1=0)(L}s+ Ney) Vt
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1pi®(2)dG(2). Lj,, and Ny are similarly

Using Cyt + Csi + frNey = Y, and a = 1/2 (Assuming that the social planner puts

equal weights on skilled and unskilled domestic workers), the first order conditions can be
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expressed as:

Cu,t = Cs,t (A56)
Yi, = atyr (A.5.7)
Vg
Yai = <1—a>§¥f (A.5.8)
t

Cs % N
fT,t - Et |:5(1 — (5) ot (ith_HZ + fT):| (A510)
sit+1 \ St+1
You = ZiL, (A.5.12)
Ly = (L=0) (L7, + Neg) (A.5.13)
Cu,t + C’s,t + fTNe,t - Y;C (A5].4)

(A.5.7) and (A.5.8) give the demand schedules for sector 1 and sector 2 output. To facilitate
the comparison between the planned and decentralized economy, define the following relative
prices in sector 1 and 2 for the planner’s equilibrium: 2 = p;; and = g5 . Then (A.5.9)
is the price index in the planner’s economy.
Equation (A.5.10), obtained by combining the first order condition w.r.t N, with L, ,
is the social planner’s entry condition for foreign skilled workers. It shows that the social
planner will allow entry of foreign skilled workers till the technological cost of hiring foreign
workers is equal to the social expected benefit — the expected discounted value of output
produced by an additional foreign skilled worker.

The social planner’s equilibrium allocation can be solved using the 9 equations (A.5.6 -

A.5.14) and 9 variables — 014, 02.¢, Y16, Y2,t5 Cs 5 Cuty VS L, Neyr-

A.6 Distortions and Inefficiency Wedges in the Baseline Model’s Decentral-
ized Economy

Comparing the equilibrium conditions in the decentralized economy (Table 1.1) to those for

the planned economy (Table 1.4) allows us to identify the distortions in the model economy
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and define inefficiency wedges relative to the efficient allocation.

Entry condition under the planned economy:

fr=E; |:Bt,t+1(1 — 5) (VtH Zi1Z + fT>:|

Xt+1

Entry condition under the decentralized economy:

[r

qt

1. -
+ fr+g=E, [ﬁt,ﬂrl(l —6) (gpl,HthJrlZ + % + fr+ 9)]
+

The major distortions in the decentralized economy are?:

e Distortion because of the cap: When the cap binds, the probability that a firm will be

able to hire a worker is ¢; < 1. Hence the distortion because of the cap is Ty = 1 — ¢;.

e Distortion because of immigration policy costs: Let Y, ; = fr+g. This is the difference
between costs that firms face and the technological hiring cost. If there was no cap
and the probability of being able to hire a foreign worker is always 1, T, would be
the only distortion w.r.t. immigration policy in this framework. However, when the
cap binds and ¢; < 1 in the decentralized economy, firms face additional costs. To hire
one worker, they need to submit 1/¢; applications and hence incur fr/q; as regulatory

costs. Let Try = fr/q: + ¢g. Then, simple manipulation yields

fRTq,t

The="To;+
Rt it 1+Tq,t

)

(A.6.1)

which decomposes the overall distortion due to immigration policy into distortions due

to costs alone and into additional distortions that the cap imposes. Thus, if T,; = 0 (no

2In this model with a C.E.S consumption basket for sector 1, there is no distortion in the relative allocation
across firms. This is because a social planner would chose an allocation across firms such that the marginal

rate of substitution is equal to the marginal rate of transformation i.e. z1/29 = (%)1/ 9. This is preserved

under the decentralized equilibrium due to market clearing in each firm z: y;(z) = %@Yc /p1. Therefore,
as long as market clearing holds under the decentralized economy, the relative allocation across firms is
efficient. Market clearing across firms facilitates aggregation as Zig; = (g)e is the condition that allows
us to interpret Z as the weighted average of productivity of firms, where weights reflect relative output

share of firms.
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distortion because of the cap), then Yp; = Y, ;. However, a binding cap increases the
distortions due to immigration policy costs and Tg,; > T, is the relevant distortion

due to skilled immigration policy costs.

e Distortion because of monopoly power: Monopoly power distorts the job creation de-
cision by inducing a lower return from hiring foreign skilled workers, captured by:

To=1-1/6.
The major inefficiency wedges are:

e Job Creation Margin: Comparing the entry condition for foreign skilled workers under
the decentralized economy with the entry condition under the social planner’s equilib-
rium implicitly defines the inefficiency wedge under the market economy’s job creation

margin for foreign skilled workers:

(Try + frYo) TRt_TRt+1>:|
Yie = E, | B 1 — 4 Z. . + ’ d
jeot t{ t,t+1( )(ﬂl,t+1 t+lsz(TR,t T fT) TR,t T

where T, is defined in equation (A.6.1) and all variables are evaluated at the decen-
tralized allocations. If Y, ;, = Y, = Ty = 0 (which implies that Tp, as well), the job

creation wedge is equal to 0.

e Consumption Resource Constraint: Sunk regulatory costs imply a diversion of resources
from consumption, leading to a consumption-output efficiency wedge. By comparing
the aggregate resource constraints under the decentralized economy with the resource

constraint faced by the planner, we get £, ;, =T R,tNe,t - fTNe,th,t.
A.7 Alternate Policy: Market Driven Allocation of Permits

Steady-State Aggregate Demand Schedule and Equilibrium for Permits

Using the aggregate goods market clearing expression for sector 1, the permit demand equa-

tion (7) in the main text, and the law of motion for foreign skilled workers in sector 1, we
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can obtain the permit price as a function of aggregate permit demand. In steady state this

is given by:

¢ =

(1-0)pZz ( adl, (A7.1)

01— (1 =9\ (1 —a)z(6+ (1 — 6)N£’))

The steady-state equilibrium permit price (P is obtained by substituting N? = N, in
equation (A.7.1).

Inefficiency Wedges in the Alternate Framework:

In this framework, the equilibrium permit price differs from the technological hiring cost
in the social planner’s framework. This distortion is T¢; = (P or the equilibrium price of a
permit. Comparing equation (7) in the main text to the optimal entry condition under the
social planner’s equilibrium, we can derive the inefficiency wedge under the decentralized
economy’s job creation margin under the alternate immigration policy with market-driven

allocation of permits as:

(A.7.2)

(Yere + frY Tevy — Yer
Yipe = By |:Bt7t+1<1 —9) (P1,t+1Zt+1Z< o 1 S Yo) S : 7t+1)]

fr(Yeo s + fr) Ty + fr

If Yoy =Ty =0, the job creation wedge is equal to 0.

The aggregate resource constraint in this decentralized economy is the same as the re-
source constraint under the planner’s economy as ¢ = fr = 0. Therefore, the resource
constraint wedge is 0 and the alternate policy closes the consumption resource constraint

wedge.
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A.8 Extension to the Baseline Model: Search and Matching Frictions

Firm z’s profit maximization problem (taking wages paid to domestic and foreign workers

as given)? is given by:

max o Et Z ﬁ‘r,t |:p1,7'(Z>y1,7(Z)_wd,f(Z)ld,‘r(Z)_wf,‘r(Z)lf,T(Z)_HUT(Z>_Qf,TUT(Z)fR_
{(Pl,t('z)vvt(Z)vlf,t(z)ald,t(z)} —t

t=0

4507 (2)¢: (fr + gr)
5.t
Loy14(2) = Ziz(lg4(2) + lag(2))
2. 1g4(2) = (1 = 04)(laz—1(2) + ve-1(2)qat—1)
3. 1pe(2) = (1= 6p)(Up-1(2) + ve-1(2)qf2-1G1-1)
4 yy(z) = (2 =0y fpy

Let =.4, I'.44, and I', ¢, be the Lagrange multipliers on constraints 1, 2, and 3 respectively.

F.O.Cs can be rearranged to get:

k = (1=04)E Bl zau11]qa: + (1 — 05) Ey[Brysalapis1lareq — frare — apae(fr + 9)
Dot = ZeiZiz —wai(2) + (1= 6a) By [Brisaloait1]

Dore = ZoiZiz —wi(2) + (1 — 0f) Et[Br sl ea ]

The first equation implies that in equilibrium, the cost of posting a vacancy is equal to the
expected discounted surplus from a domestic match and the expected discounted surplus
from a foreign match, both weighed by the probability of each match, net of sunk hiring

costs for foreign matches. The second and third equation give the surplus from each match

31 follow Cacciatore (2014) in assuming this.
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— additional value generated from a skilled labor net of the real wage paid, plus the contin-

uation value of the match.

Nash bargaining of wages: There is no match specific productivity so the surplus to
the firm from every domestic match and from every foreign match is the same. However, the
surplus from a foreign match may differ from the surplus from a domestic match. Equilibrium

surplus sharing rule:
St = (L—m)St, Vi€ {d f} (A.8.1)

where 7); is bargaining power of worker j. ST, is the firm’s surplus from a match with worker

zj,t

7, and S}f‘; is the worker’s surplus from match with firm z. Workers’ surplus is given by:

Sgg,t = wdﬂg(Z) — Wt + (1 — 6d>EtBt,t+lsZIZ7t+1 (A82)

Sy = wp(z) —wp+ (1= 0, EBL S (A.8.3)

where 5{ +1 takes into account that the stochastic discount factor of the firm and foreign
skilled households may differ as foreign households are not firm owners in the baseline model.
wj is worker j’s outside option. For now, I assume no unemployment benefits. The only
outside option for domestic workers is the expected discounted value of searching for other

jobs in the next period:

, < v z
Sar = EylBiyan(1 = a)ins / ’t;l( LW da(2) (A8.A)
t+1

Zmin

where 4; is the probability of finding a job for a skilled worker i.e. i; = X<Ud,t‘ﬁUf,t)l_e' To
begin with, I assume that a foreign worker would not be able to search for jobs and thus their
outside option is 0. The rationale is that foreign workers cannot legally stay in the domestic
economy beyond a certain point without a valid work visa. However, an alternate exercise

with a positive outside option for foreign workers does not change the main implications.
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Using SE I',;+ (no firing costs) and the first order conditions — A.8.1, A.8.2, A.8.3,

zj,t =

and A.8.4. we can get:

war(2) = na(EiZiz) + (1 — na)way (A.8.5)

wyi(z) = np(EZez) + (L =np)wpe + (1= 0p) By [Uprr (Beisr — Bt{t—kl)] (A.8.6)

A.8.6 again takes into account the different stochastic discount factor of foreign workers
and domestic firms (an implication of H.3). Since firms face the same costs and the same
probabilities of being matched with workers, it can be shown as in Cacciatore (2014) that

E.+ = Z¢/z (the real marginal cost is symmetric across producers up to firm-specific produc-

tivity differentials). This facilitates aggregation as in the standard Melitz (2003) model.

Profit maximization with respect to prices gives p;(z) = %Ez,t, which can be ag-
gregated to give average sector 1 prices: p;; = %ét. Aggregate accounting is given by
preY1e+ paYor = Cuy + Csy + Cip + Vi + frG5: Vi + f7qy,44:, where upper case letters and

variables with tilde denote aggregate variables.



The summary of conditions can be written as:

Yii=ZZ(Lgy + Lay)
Lot = (1 —6a)(Lat—1 + Vic1qar—1)
Lf,t = (1 - 5f)<Lf,t71 + Vple,tthq)

W = na(ZeZ,2) + (1 — M)W,z

wie = np(EeZiZ) + (1= np)wps + (1= 65) BT g i1 (Brsr — 5{15-&-1)]

R = (1 - 5d)Et[Bt,t+1Fd,t+1]Qd,t + (1 - 5f)Et[Bt,t—i-lrf,t—i-l]Qf,tQt - fRQf,t

— q5.0q(fr + gt)

Ly = 27245 — was + (1 — 64) B[ Bri1la141]

Ff,t = étZtg — wﬁt + (1 — 5f)Et[Bt,t+1Ff,t+1]

qat = _ Yae X E)f6
" Uy + U U
U Vi
qft = Uss ithtX(ﬁi)_e
N,
q = mm[Ne:t, 1]
_ 0—1-
Pt = 9 =t
= (p14)* (p2e)
Yoy = ZiLy
praYie/a = pa Yoy /(1 — )
Ugr = Lqg — Lay
Ups =Ly — Ly,
Uy =Ugs + Uy,
P2t = wu,t/Zt

dNt = ﬁl,tYLt - wd,tLd,t - wf,tLﬁt — KV — fRQf,tVt - (fT + C)Qf,t(JtVt

Nd

Wa,t = Et[ﬁt,tﬂ(l - 5d)it+1 1

_ V;/ 1—e
- X(Udyt + Ufyt)

1;d,t-i-l]
d

it
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There are 22 equations in 22 endogenous variables: Y1, Yaou, Ly, Lat, Vi, @i, Uay, Ugy,
pit, P2ty ddty 4ft, Wdit, Wi, Fd,t, Ff,t, ét, Wyt U, dy, Wt U

To see how this model relates to the baseline model with no search and matching fric-
tions, note that in the simple version, g4, = 0, ¢, = 1, and the matching function is such
that matches are formed instantaneously. In other words, U;; = 0 and therefore, L, = Layg.
All posted vacancies are filled by foreign workers, x = 1, and vacancy posting cost £ = 0 in

baseline model.
Steady State for the Search and Matching Model

The steady state for the search and matching model boils down to a system of 8 equations
in 8 endogenous variables — Ly, Lq, V', p1, qa, qf, @4, and ¢. I show this for the steady state
under the non-binding regime.* Using (A.8.10), (A.8.11), (A.8.13), and (A.8.14), we can write
the steady-state surplus obtained from domestic and foreign workers as I'y = (la’f)((léfii)_gd),
and I'y = %jj)—g” Then substituting these expressions in the steady state hiring
condition we get:

(1 = na) (%571 2% — wa)
(1= (1—da)B)

(=) (520127 — wy)
(1= (1-67)8)

k= (1-64)8 qa+(1—=0y)p qrq—(frt+fr+g)es

(A.8.29)

Using the market-clearing equation for sector one, and aggregate accounting, we can get:

1 —

(1— a)3(La+ Ly) = a(p)To1, (A.8.30)

(A.8.8), (A.8.9), (A.8.15), and (A.8.16) can be written as:

Ly = (1-1064)Vqa/da (A.8.31)
Ly = (1=67)Varq/d; (A.8.32)

4For the binding case, there will be 10 equations in 10 variables with ¢ = N./(g;V) as an additional
equation for determining gq.
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Lqi— L o
o = —Li—la x( _V ) (A.8.33)
LitLsj—La—L; \Ly+ Ly — La— Ly

L;—L % B
g = —L x( _ ) (A.8.34)
Lot Li—Lo— Ly \Lg+L;—La— L,
Also, using the surplus sharing rule (A.8.1) and the outside-option equation (A.8.4), the

outside option of domestic skilled workers can be written as:

— Nd

The steady-state job finding probability of skilled workers is given by:

V 1—e
S S A.8.36
! X(Ld+Lf—Ld—Lf) ( )

(A.8.29), (A.8.30), (A.8.31), (A.8.32), (A.8.33), (A.8.34), (A.8.35), and (H.36) constitute a

system of 9 equations in 9 variables.

Relationship Between Domestic Skilled Employment and the Immigration Cap

When the cap binds in steady state, the probability of hiring a foreign skilled worker is
N
qV?

given by ¢ = and therefore from the law of motion of foreign labor, we get that the
steady-state foreign labor employed is L; = (1 — §;)N,./d;. To see relationship between
Lq and N,, take the ratio of (H.31) and (H.32), and use Ly = (1 — §;)N./d;, and after
rearranging terms, we get:

- L¢64 Sa(1 — 6y) -
w1 i wm) ) .

i.e. as the cap on foreign skilled workers increases, for a given pool of domestic and foreign
labor, aggregate domestic skilled workers employed increases. Intuitively, an increase in the
entry cap increases firms’ incentive to post more vacancies as there is a higher probability

that a foreign worker that was matched would eventually be able to join the firm.
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Appendix B

B.1 Model Summary

Below, we summarize the model. We have a system of 17 equations in 17 endogenous

* *

3 * * * *
variables {pm.t, P> Mty Wsty Wy, Qs Uiy Negloy, dig, deg, Woy, Lug, sty 1ty Qets wu,t}

Table B.1: Baseline Model Summary

Equation Label

Equilibrium Condition

Home Consumption Price Index

Pd,t = 1

Foreign Consumption Price Index

Pae =1

Home Intermediate Price Index

(Pm,t) =% = (p1,6)* =% + Nj(ph ) %

Foreign Intermediate Price Index

(Pf, ) 2 = N (p7 )% + (p,)' 2

Immigrant Labor Hiring Condition

frRt _ fR,t+1
o =0- 5)Et{ﬁz,t+1 aWs t41 — Qi41TWE 1 Ze1 [ 2] + T

Immigrant Labor Stock

lprr = (1= 6) gt + peNe,t)

Hiring Probability

— Ne,t
Mt = Nes

Home Intermediate Profits

dit = p1,ey1,t + Qupa,tys,t — ws,t(1 +1p1) — Quwi ilot — fRtNet — fows ,Qu/Z]

Home Final Profits

de,t = pa,t¥d,e — P1,eY1,t — NIy Uy o — Wu,thu,

Foreign Intermediate Profits

ko ok * —1 % * * 7k
dl,z =P1Y1,e T Q; P tYot — Wals

Foreign Final Profits

* ok C* * % * * Tk
dc,t = Pdﬂ:Yt - N P1,tY1,¢ — Pz, tYx,t — wu,tlu

Home Aggregate Accounting

YE =wst(141s¢) + wutly +det +di,e + fRNet

Foreign Aggregate Accounting

Ve = wk (lot + for + NjUE ) +wi U5 +di y + Njdi

Balance of Payments

Qtpa,tyz,t — N7pL Yz = Qewg ot + Qufowy

Home Goods Market Clearing

Ym,t = Y1,t + TYz,t

Foreign Goods Market Clearing

* % *
Ym,t = Y16 T TYz ¢

Foreign Skilled Labor Market Clearing Ls" = Nsl;t + e+ for +lot

B.2 Cyclicality of Services Offshoring

Looking at correlations of detrended US Real GDP and the employment at US owned Foreign

affiliates from Figure B.1 and Table B.3, we find procyclicality of offshoring in manufacturing
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but countercyclicality for the Professional, Scientific, and Technical Services Sector.

Table B.2: Cylicality of Employment at Foreign Affiliates

Time Period Variable Correlation with Real GDP
1999-2015 PST Employment -0.53
Manufacturing Employment 0.15

To explore this further in our model, we study the response to a 1 standard deviation
increase in Home productivity. The AR(1) process for Z, is specified as Z, = p(Z,_1—Z) +ey,
where p = 0.906, and ej, is a random shock drawn from a standard normal distribution with
mean 0 and standard deviation equal to 0.01. From Figure C.3 we see a comparison of
these responses under the original versus stricter immigration policy. While an increase in
productivity leads Home firms to demand more immigrant labor (consistent with data as
seen in Figure B.2), since their entry is fixed due to the cap, the probability of being able to
hire immigrant labor declines and this decline is greater under the lower cap. Despite being
unable to hire immigrant labor, Home firms decrease offshoring due to the rise in the real
marginal cost of offshore labor relative to hiring labor in Home. This decline is significantly

smaller under the lower cap due to greater decline in the immigration probability which

causes firms to reduce demand for immigrant labor and substitute towards offshoring.
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For Figures C.3 and C.4 above, we defie 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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