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In my job market paper, I examine the role of migration in determining unemployment
levels in a search model with migration. Search models have been used extensively to explain
differences in unemployment rates, and are often used to compare labor markets across
countries. However, much of what we know about labor markets in developed economies
ignores who is moving for what reasons, and is largely limited to within-country studies,
despite evidence that migration is increasing over time. I build a theoretical model to follow
workers’ employment status and location, and utilize differences in labor market institutions
to show that capturing these worker flows across borders is an important aspect of migration
and unemployment that has been largely ignored. This sheds light on the considerations
workers take when moving and highlights the role labor market structures play in equilibrium
unemployment across countries. An application of the model shows that the model is capable
of generating large migration flows comparable to between US states, as well as smaller flows
as observed between European countries.

In my second paper, I expand upon the model in my job market paper to add costs
to migrants’ decisions to move and be away from home. Migration across national borders
is not a costless endeavor for workers to undertake. They face fixed costs to move, and
flow costs while abroad. Workers report salience of language barriers, housing markets, and
cultural distance in preventing them from making an otherwise desirable move across national
borders. Incorporating these costs into a model of labor search with migration improves the
model’s performance relative to a similar model without costs when using European labor
markets as an example. The model is also more realistic than models without migration
involving meaningfully disparate origins and destinations, or without any migration. Under
the context of costly migration, I provide evidence that at least one explanation for the
insufficiency of a single labor market in the EU to ensure full convergence of labor market

conditions lies in the costs workers face from living away from home, and not from a lack of

il



migration.

In my third paper, I eliminate restrictions on workers from the model in my first two
papers and allow all workers to move freely. In this environment, all workers face compe-
tition from other groups, as well as costs to their movement. Labor search and migration
allows for the study of the effect of labor market characteristics on equilibrium migration,
unemployment, and wages. I provide a theoretical model to explain why countries have
different unemployment rates despite similarities in other factors, and a mechanism for the

differentiated wage impacts of immigrants on both sending and receiving labor markets.
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Chapter 1

A Search Model of Migration &

Unemployment

1.1 Introduction

Search models have been used extensively to explain differences in unemployment rates,
and are often used to compare structural differences across labor markets. These compar-
isons, however, ignore significant amounts of migration across national borders. Additionally,
much of what we know about labor markets in developed economies at a theoretical level is
largely limited to within country studies.

A frequent application of search and matching models is to generate cross-country dif-
ferences in unemployment rates by calibration of a single-country model to match structural
characteristics. These structural differences then result in differences in unemployment rates.
Significant differences in labor market conditions across space are indeed present throughout
the recent past. As an example, I use the context of US and European labor markets to illus-
trate a series of stylized facts. Shown in Table [I.T], unemployment across the US and between
European countries varies over time, as measured by the variation across states/countries

in a given year. Taking the average within-year variation over the last 36 years, the US



has much lower differences in unemployment rates across states than is seen across Euro-
pean countries. Importantly, this pattern remains regardless of the subset of time periods
or countries chosen, and is not undermined by a core group of European economies (France,

Germany, and Italy), or by the euro zone countriesE]

Table 1.1: Average Unemployment Variation Over Time

Geographic Area 1983-2015 | 1983-1995 | 1995-2008 | 2008-2015
US 2.282 3.137 1.176 2.653
Schengen 17.578 16.209 15.082 23.186
EU 21.091 23.741 16.706 22.858
Euro 20.342 22.669 14.149 25.883
France, Germany, Italy 22.661 23.386 21.551 22.618

Source: FRED and Eurostat; Values are Within-Year Variation Averaged for the Given
Spans

One explanation for this difference in unemployment rates is the structural similarities
in labor markets across US states relative to European countries. If labor market character-
istics are more similar, we would expect to see more similar labor market outcomes through
time. Certainly fewer differences in labor market structures exist within the US than across
European countries. During this time, however, European nations saw a dramatic increase
in legislative changes pushing for convergence in labor market policies across national bor-
ders. For European Union (EU) countries, in particular, these changes were mandated and
implemented quickly. Given that there is only a small decline in the variation in unemploy-
ment through time, regulatory unification doesn’t seem to be the only driver of differences
in unemployment rates.

A second common explanation for aggregate convergence in unemployment rates is mi-

gration. Perfectly mobile labor should work to equalize unemployment rates across space,

'The Schengen countries are: Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Lichtenstein. EU countries are: Aus-
tria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany,
Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Poland, Portugal, Ro-
mania, Slovakia, Slovenia, Spain, Sweden, United Kingdom. Euro zone countries are: Austria, Belgium,
Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta,
Netherlands, Portugal, Slovakia, Slovenia, Spain.



Figure 1.1: Intra-Schengen Cross-Border Labor Migration, Percentage of Sending Population
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all else equal. Cross-state migration in the US is higher than across Europe: on average,
about 5% of US workers move across a state border each year (Bonin et al. (2008))). Figure
1.1 shows that in Europe, migration has increased over time in terms of both total numbers
moving, and the percentage of the population for Schengen Agreement countries] Migration
in the Schengen area goes from almost zero prior to 1998, to almost 1% of the population
each year by 2015. The upward trend is reversed briefly during the financial and euro zone
crises, but resumes following the resolution of the Greek debt crisis in 2010.

Despite the increased labor mobility across Europe since the late 20th century, unem-
ployment variation persists. A small decline in unemployment variation can be seen in Table
as migration flows increased for the years following the Schengen Agreement in 1995 un-
til the global financial crisis. There is a relationship between migration and unemployment

rate variation as evidenced by relatively high-migration, low unemployment variation in the

2The Schengen Agreement opened up European countries to visa-free movement of labor for all member
citizens, and eliminated almost all legal barriers to movement across much of Europe. A similar, more
exaggerated pattern is evident for EU and euro zone countries shown in Appendix Figures and



US and low migration, high unemployment variation in Europe. The lack of cross-border
labor mobility in theoretical search and matching models limits understanding of labor mar-
ket conditions in an increasingly globalized economy. Coupled with remaining differences
in labor market characteristics like productivity, unemployment benefits, and labor market
flexibility, migration in the context of search and matching provides an avenue for further
analysis. There are also public policy implications from outlining factors to encourage (or
discourage) migration, and potentially lower unemployment rates.

For this reason, I build a theoretical model that embeds the relationship between mi-
gration, unemployment, and labor market structures. This paper embeds both the ability
and decision to migrate in the classical Diamond, Mortensen, and Pissarides search model
of unemployment. I utilize differences in labor market institutions across countries to show
that capturing the subsequent worker flows across borders is an important aspect of migra-
tion and unemployment that has been overlooked. The tradeoffs workers face in the search
and migration decision in turn generate migration flows and unemployment rate differences
across space in equilibrium. General equilibrium impacts of potential differences in labor
market structures from migration on worker allocations and employment are also captured
using this framework.

The contribution of this paper is to join the study of unemployment, migration incentives,
and wage dispersion by providing a framework to evaluate competing empirical estimations.
Additionally, the search and migration framework here is ideally suited to simultaneously
examine the sending and receiving country outcomes while separating out general equilibrium
employment and wage effects on both natives and migrants. Existing search and matching
literature is limited in the scope of analysis of the role of migration, and focuses largely
on intra-country migration across regions within a single country. As such it is unable to
evaluate the role of structural differences across labor markets in catalyzing or diminishing
the equalizing unemployment rates across space, and is limited in its ability to address the

importance of real and/or perceived barriers to movement. Migration literature on the other



hand, focuses on the expected value of a job, the effects on wages of natives and migrants,
or the selection of a particular type of migrant. This thread of the literature lacks a unified
framework to address the probability and value of a particular match occurring, the wage
dispersion effects in the origin and destination countries, and the general equilibrium effects
of migration on firm and worker incentives in the presence of frictions. This paper seeks to
fill this void in our understanding of the relationship between migration and unemployment
at the national level.

In the theoretical model presented here I emphasize the role that even small differences
in labor market structures like productivity, job posting and maintenance costs to firms,
unemployment benefits, and workers’ bargaining power play in determining variation in
unemployment across countries. Workers face a tradeoff in searching; they are faced with a
combination of the expected value of a job and the probability of matching with that job.
These characteristics are inversely related: a high value job receives more interest from all
workers, lowering the probability any given worker matches with that job. Workers do not
internalize this externality when making search decisions. This is a key feature of my model,
and search and matching models more generally.

Using a competitive equilibrium characterization and a planner’s problem, I distinguish
between market outcomes and the first-best outcome to compare model predictions. I also
provide an example of parameterizations of the model to match a high-migration, low un-
employment variation equilibrium and a low-migration, high unemployment variation equi-
librium to demonstrate the model’s predictive powers qualitatively.

I find that productivity and unemployment benefit differentials can be more important in
driving the differences in labor market conditions than previous work has found | One reason
I observe a larger impact is the ability to observe each workers’ movements where other mod-
els focus only on market tightness, which changes differently from unemployment and worker

allocation across countries. There are also large differences in which workers are impacted

3See Nickell (1997, 2006).



from structural differences in terms of the impact on migrant and native unemployment
rates and wages. For this reason I pay particular attention to population distribution and
unemployment across countries in addition to the standard emphasis on market tightness.

The study of migration follows a long line of research ranging from factor allocation mod-
els of trade to geographic gravity models and networks. A major focus of theoretical models
has been on expected income, wages, or amenities in determining workers’ movements. For
examples, see|Harris and Todaro| (1970), Becker| (1974]), and \Greenwood| (1985). Much of this
research has emphasized the influence of expected wages on migration, but I am unaware of
any that utilizes labor market differences to explore unemployment in the context of labor
migration between two countries.

Utilizing the search framework in the context of labor migration enables the study of
cross-border labor market differences, and the impacts of an increasingly mobile labor force.
A theoretical model that allows for many differences between labor markets is an important
part of understanding differences in labor market conditions, particularly when conditions
might be expected to be more similar. A first step for this analysis has been to document
and explain migration within-countries.

Single-market matching can work fairly well empirically to predict within-country unem-
ployment variation (Epstein| (2012), Postel-Vinay and Robin| (2002))), but European models
focusing primarily on within-country and between-country comparisons miss the millions of
EU citizens moving across European borders each yearf_f]

Focusing instead on segmented labor markets, as seen in|Albrecht and Vroman (2002) and
Blazquez and Jansen (2003)) and others, can be helpful as an additional intermediate step
between a truly single labor market and a model of multiple countries with migration without
the complication that multiple markets entails. Stavrunova (2007) and |Gautier| (2002) ana-

lyze the impact of job heterogeneity on labor market outcomes through search externalities

4For examples of within-country, European studies see Postel-Vinay and Robin| (2002), |Gautier| (2002),
Scarpettal (1996)), Jolivet et al.[(2006)), [Nickell (2006)), Ridder and Berg (2003]), Briicker et al.|(2014]), Bonthuis
et al.| (2015)), or Hatton and Tani| (2005).



and unemployment rates within a single labor market. Lkhagvasuren| (2012) utilizes produc-

tivity shocks to generate migration between regions in equilibrium, but uses labor market
structural parameters to calibrate a model to match US unemployment rates and correlation

between unemployment rates across states rather than looking directly at the impacts from

changes in those characteristics. Ridder and Berg| (2003) and Schmutz and Sidibé| (2015))

estimate implied labor market search frictions for migration within individual countries, and

across cities within a single country, to better understand the matching mechanism at work

within countries’ labor markets. Additionally, Ortega and Peri (2013 use OECD data to

examine the effects of income and immigration policies on migration across OECD countries
empirically, without emphasizing other institutional differences across boundaries or em-
ployment outcomes. The absence thus far of such a theoretical framework for international
migration through labor market search limits our understanding of migrants’ decisions, and
their impacts on both origin and destination markets.

Search models are also useful to examine the existence of wage dispersion in economies,

but have typically relied on either search costs or worker heterogeneity to generate different

wages in equilibrium. For example, Gaumont et al.| (2005) are able to generate no more than

two wages in equilibrium in their models, while Albrecht and Vroman| (2002)) generates three

equilibrium wages in the pooling equilibrium with heterogeneous workers. Existing work is

typically limited to generating wages based on either worker or firm heterogeneity.

Empirically, Borjas (1985), |Card| (1990)), Borjas (2003), and (Card et al| (2012)) capture

part of an on-going discussion on the impact of migrants on wages in the receiving countries,
but lack a unified theory explaining both disparate wage effects, and migration incentivesEl
Empirical studies typically must differentiate across workers’ skills in order to estimate any
effects of migrants on native workers. Migrants are found to have very little impact on native
wages as in (1990)), to pull down native wages in the directly competing native popula-
tion as in (2003)), or to increase native wages as in|Gerfin et al| (2010). [Ottaviano and|

| 5For selected others, see |Butcher and Card| (]1991[), |Gerﬁn et a1.| (]2010[), and |Ottaviano and Peri| (]2012[). |




Peri (2012)) finds an important nuance to the wage effect on natives such that least skilled
natives see wages fall while slightly higher skilled natives see wages rise following a migrant

influx. New immigrants also have a negative effect on previous immigrants’ wages.

1.2 Model

1.2.1 Model Environment

The model is in continuous time, and all values represent total flow value for the given
agent. Both countries share a single time discount factor for agents, r, as well as job destruc-
tion rate, ¢ E] All workers within a country, regardless of origin and unemployment location,
have the same productivity or skill, y, based upon location of employment, k. Jobless bene-
fits, by, worker bargaining power, (3, and costs to posting a vacancy, ¢, also vary by country.
Differences are determined by the current location of the worker or firm, so a migrant cannot
transfer his origin jobless benefit or bargaining power by moving. Migration ability is limited
to workers from the foreign country, F', and it is costless both to move and to be away from
one’s origin country.

Workers can be either employed or unemployed, and firms can have either filled or unfilled
vacancies. There is no on-the-job search, and one job is offered by each firm. Firms post
a vacancy based on the eventual firm hiring location, independent of the worker origin and
unemployment location: They cannot target a particular worker type based on nationality
or current location.

Each period, a fixed proportion of matches, 9, is destroyed, and the total unemployment
pool begins to search in either the home or foreign market. Next, matches occur with a
probability dependent on the number of vacancies offered by firms and the number of workers

searching in that market. Newly matched workers move, if necessary. Finally production

6This is one margin I have not chosen to exploit in examining the margins of the migration decision, but
that could easily be incorporated into the framework by making J country- or match-specific.



occurs and unemployment benefits for remaining unemployed workers are collected and wages
paid. The interdependence of the two labor markets through the unemployment pool builds-
in the concept of spillovers in the market tightnesses of each market while maintaining the
externalities imposed by individuals failing to account for their impacts on each market. The
impact of each market on the other through the overlap of market tightness helps to explain
the persistence in differences in unemployment rates observed in the data (See Table .
All variables are denoted with a triplet {7, j,k} = H, F' so that variable X is identified: ij;
where i denotes country of origin, j gives current location, and k gives the location of the
job or benefit received.

Matching parameters can vary by worker origin, worker unemployed location, worker
employed location, or remain uniform across countries. The probability of matching is in-
dependent of search effort, which is costless. The model presented here makes use of the
den Haan, Ramey, and Watson form of matching.ﬂ Matching brings together unemployed
workers and open vacancies in the labor market, and places them randomly into a matched,
filled job with an employed worker:

Uk

Market tightness, 6 = v/u, is defined as the ratio of open vacancies to unemployed workers.
The probability that an unemployed worker in country k£ matches with a firm in country &
is given by qx(0x), and the probability that an unfilled vacancy in country k becomes filled

is given by 0rqr (0 ).

"The den Haan, Ramey, and Watson form of matching is chosen in order to utilize the probability limits
built into the functional form without adding an additional parameter to the model as it requires only one
rather than two as in more traditional Cobb-Douglas matching.



Matching is governed by Zj, the elasticity of matching in the country of the match:

gk (0r) = (14 07%) =1/ (1.2)

with dg;/00; < 0 and 0¢;/06; < 0. Where, ¢ indicates the workers’ origin country, j gives
the workers’” unemployment location, and k indicates the job matching location. Market
tightness depends only on firm location, k.

Unemployed workers choose where to search, with the flow value of unemployment equal
across searching in either country in equilibrium. This value is determined by workers’
country of origin, country of unemployment, and the net value of finding a job in either
country:

The trade off between job finding rates and the value of that job is seen in the second
term. When the value of a job is high, more workers are likely to search in that market, thus
offsetting overall value by lowering the job finding rate. These forces off-set one another in
equilibrium so that workers become indifferent between markets.

The flow value of employment to the worker, N, is given by the discounted value of the

wage less the value of moving into unemployment in that country:
rNi’;- = wfj +0(Uy — NZ’;) (1.4)

Upon loss of employment in country, k, workers gain unemployment benefits, by, and the
value of unemployment, but lose the wage. These workers begin search in country £, and
only move if they are matched in the other country.

Firms choose whether to post a vacancy based on the cost to post as well as the probability
weighted value of filling the vacancy and moving into production without differentiating

between workers of different location.

10



This gives the flow value of posting a vacancy, rV:

¢ (0") 4
= i+ — " [y (T — i 1.
T ot (wi; + wiz) [wii(Ji; — Vi) + ul](‘] - Vil (1.5)
in country 7, and
V= =yt — L V) (T - V) (- V) (16)
j= —C ~ (Wi S5 ij 7 :

in country j.
The flow value of a filled vacancy, r.J, to the firm is again the discounted value of pro-
ductivity less the cost to posting, the wage payment, and the probability weighted value of

the match dissolving:

rJf = yp —wh — oo+ 6(Vi — J) (1.7)

Wages are bargained based on production surplus for the type of match, S, bargaining
power, (3, in job location k, and costs to establishing a vacancy, ¢, in location k. Bargaining
partially captures the large power of labor unions in many countries, and allows differences
in outside options to migration to be reflected in wages through unemployment values.

Workers employed in country k always receive share (3 of the match surplus, Sfj, where

Sfj = Jikj + Ni'; —Usj — W; Thus wages increase whenever total surplus increases, or when

§ increases (holding the size of the surplus constant):

wfj = ﬁksfj (1.8)

Firms in country k receive share (1 — f3) of the match surplus: (1 — £)S},
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1.2.2 Equilibrium

The equilibrium concept employed here is a stationary equilibrium which is imposed by
setting changes in unemployment and population allocations to zero. This means that in
equilibrium, flows between countries off-set one another so that the net migration is zero.
Gross migration varies based on the relative probabilities of finding a job and the structural
differences of the labor markets. The stationary equilibrium can be characterized in terms
of market tightness determined by the labor market bargaining for wages and the free-entry
condition for firms, rV = 0.

Wages can now be described by labor supply and demand equations as functions of
parameters and market tightness. Labor demand, wfj = Yp — Cp — %, gives a negative
relationship between wages and market tightness. A larger market tightness, 0, lowers the
probability the open vacancy will match with a worker, so the wage required for the firm’s
zero profit condition is lower when 6 is larger. For example, increases in productivity increase
labor demand, holding other wages and market tightnesses constant. Labor supply for
workers, wfj = Br(yx—cx)+(1—By)rU;; given the appropriate rU, gives a positive relationship
between wages and market tightness. A larger market tightness increases the probability an
unemployed worker meets a vacancy, but also implies a larger value of unemployed workers
for firms which increases the eventual wage paid.

The determination of the wages and market tightness for a typical market can be seen
by plotting the labor supply and demand schedules as in Figure [[.2] In the stationary
equilibrium, market tightness is determined by the firms’ and workers’ optimization, before
accounting for particular migration conditions. The effects of changes in parameters on

equilibrium wages and market tightness work through shifts in the labor supply or demand

decision, and are shown in the comparative statics below.
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Figure 1.2: Labor Supply and Demand

6
Market tightness is defined for each country as:
Up
Op = —— 1.9
"7 upp +upn (1.9)
O = ez (1.10)

Upp + Upg + Uy

The market tightnesses depend on overlapping subsets of the unemployment pool In
search and matching models without migration, population is normalized to 1 so that v
and u are both the vacancy (unemployment) level and rate. Here, migration means that
equilibrium populations are not necessarily 1, and so v and u reflect the levels only. Figure

shows the flows of workers across employment status and migration patterns.
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Figure 1.3: Worker Flows
Non-Discrimination
Home Foreign

Equality of job creation and destruction at the country-level is given by two conditions.
Equation [I.11] represents the flow out of employment for foreign workers into employment
in the foreign country on the left hand side, and the flow out of foreign employment on the
right hand side. The left hand side of Equation [I.11] is represented in Figure by the
summation of arrows 1 and 2. The right hand side is represented by arrow 3. Equation [1.12
equates the flow into and out of employment in the home country. The right hand side of
Equation [1.12]is represented in Figure [I.3| by the summation of arrows 4, 5, and 6. The right

hand side is represented by arrows 7 and 8.

Oqu(QF)(UFF + UFH) = 571}7 (1.11)

0nq” (0n)(upr + upg +up) = dny (1.12)

The number of migrants into each country must equal the number of migrants out to

keep population constant in equilibrium: Equation |1.13|is represented in the bottom panel
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of Figure by the equality of arrow 2 and 4]

quF<0F)UFH = quH(QH)UFF (1-13)

In the remainder of the paper, workers are categorized as either foreign stayers, prior
foreign migrants, foreign returning migrants, new migrants, or home workers. A foreign
stayer is a foreign national who spent his/her previous unemployment spell in the foreign
country, and is subsequently matched in the foreign country. A prior foreign migrant is a
foreign native who migrated to the home country prior to his most recent unemployment
spell, and subsequently matches in the home country. A returning migrant is a worker who
previously migrated to the home country, lost employment, and subsequently matches in the
foreign country. A home worker is always employed and unemployed in the home country due
to the migration constraint on those workers. Employed workers are characterized as foreign
workers, foreign migrant workers, or home workers. Foreign workers are foreign nationals
employed in the foreign country. Foreign migrants are foreign nationals employed in the
home country. Home workers are home nationals employed in the home country. This is

summarized in Table [[.2

Table 1.2: Worker Categorizations

Most Most Migrating

Category Nationality Recent Recent Next for

Unemployment | Employment | Employment | Employment?
Foreign Stayer F F F F No
Prior Foreign Migrant F H H H No
Foreign Returning Migrant F H H F Yes
New Migrant F F F H Yes
Home Worker H H H H No

Initial populations in each country are the number of staying employed and unemployed,

plus the number who have moved and either remain employed or who have lost employment

8This does not imply that populations must be equal.
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and are unemployed abroad. Initial populations are given by:

quH(eH)(uFF + Upp)

Pl =upp +upy +np + 5 (1.14)
Orrq™ (0
P =y + 21 (5H)“HH (1.15)

Given the overlap of the markets, it can be difficult to track workers’ movements and
employment status. Workers employed in the home country must be divided into the two

origin groups by inference rather than explicitly.

1.2.3 Comparative Statics

The effects on labor market conditions from changes in parameter values filters through
the firms’ and workers’ optimization problems. First, parameters determine the equilibrium
wage and market tightness. Then, the migration and job creation and destruction conditions
determine unemployment and worker allocations. The effect of parameter changes on labor
supply and demand on market tightnesses and wages, and subsequent effects on unemploy-
ment and migration are shown in two steps. I separate across labor supply and demand
effects on market tightness and wages, evaluate the overall effect, and follow with the impact
on unemployment for workers from changes in market tightness.

Increasing productivity or decreasing posting and maintenance costs increases the de-
mand for labor for all types of workers. Specifically, increasing foreign productivity (de-
creasing posting and maintenance costs) increases demand for all matches in the foreign
country, without changing the demand for home workers. Increasing home productivity
(decreasing posting and maintenance costs) increases demand for all matches in the home
country.

Increasing home productivity or decreasing posting and maintenance costs increases labor
supply for all workers except foreign stayers. Increasing foreign productivity or decreasing

posting and maintenance costs increases labor supply for all foreign workers except those
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already in the home country.

Combining the supply and demand effects, increasing foreign productivity or decreasing
posting and maintenance costs increases foreign market tightness, but has an indeterminate
effect on wages. Increasing home productivity or decreasing posting and maintenance costs
increases home tightness and also has an indeterminate effect on wages. Figure [1.4] shows
this effect for the increase in home productivity on the home market on the left. The
labor demand shifts from curve A to curve B while the labor supply shifts from curve C
to D. Since both supply and demand have increased, the market tightness in the home
market unambiguously increases, but the wage effects depend on which curve shifts more.
In the figure, I have given the potential outcome where wages do not change, but this is not
necessarily the case for any given change in productivity. In the foreign country, when the
home productivity increases, only the labor supply increases. Supply moves from B* to C*
and labor demand remains unchanged at A*, thus increasing market tightness and wages in
the foreign country, shown on the right of Figure [1.4]

Figure 1.4: Wage and Market Tightness Comparative Statics Example: Increase in Produc-
tivity

Home Foreign

Increasing foreign unemployment benefits increases the supply of foreign stayers only.
Increasing home unemployment benefits increases the supply of all workers except foreign

stayers who are unaffected.
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Increasing foreign unemployment benefits increases foreign market tightness and lowers
wages. Increasing home unemployment benefits increases home market tightness and lowers
wages.

Changes in bargaining power have a clear effect on foreign stayers, home workers, and
prior migrants. New migrants experience indeterminate effects from changes in bargaining
power. Increasing foreign bargaining power decreases labor supply for foreign stayers. In-
creasing home bargaining power decreases labor supply for home workers and prior migrants

Increasing foreign bargaining power decreases foreign market tightness and increases
wages. Increasing home bargaining power decreases home market tightness and increases
wages.

Given the changes in market tightness from parameter changes, I now evaluate the
changes in unemployment. When foreign productivity or unemployment benefits increase or
posting and maintenance costs decrease, unemployment for foreign stayers decreases as long
as home market tightness is sufficiently large. Unemployment for foreign migrants decreases
and there is no change in unemployment for home workers. When home productivity or
unemployment benefits increase or maintenance costs decrease, unemployment for foreign
stayers and home workers decreases. Unemployment for foreign migrants decreases as long
as foreign market tightness is sufficiently large.

When foreign bargaining power increases, unemployment for foreign stayers decreases if
home market tightness is sufficiently large. Unemployment for foreign migrants increases
and unemployment for home workers is unaffected. When home bargaining power increases,
unemployment for foreign stayers and home workers increases. Unemployment for foreign
migrants decreases if foreign market tightness is sufficiently large.

I now turn to a numerical exercise to give a potential result of these changes in parameters

across otherwise symmetric countries.
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1.2.4 Parameterization

Given the lack of analytical solution for market tightnesses and the indeterminate com-
parative statics above, a numerical parameterization of the model is performed. Parameters
are chosen both for ease of comparability between the market outcome and the planner’s
outcome as well as to match data and search and matching literature more generally. In the
following exercises, the two countries are given symmetric baseline parameterizations and one
parameter in the foreign country is changed to follow the change in stationary equilibrium
resulting from that particular asymmetry. This does not describe the transition between the
equilibria, but only gives a snapshot of the equilibrium once it has been attained.

The baseline parameterization is chosen for comparability across all specifications of the
model. Population, P,, and productivity, y, are set to one; matching elasticity, Z, is 1.25 to
match Petrosky-Nadeau and Zhang| (2013); workers’ bargaining power, /3, and unemployment
benefits, b, are 0.5. Costs to firms to posting vacancies, ¢, are set slightly below the value in
Albrecht and Vroman| (2002) and Beine et al.[(2013)) at 0.2, compared with 0.3. The discount
rate, 9, is set at 0.05 and the job destruction rate, r, at 0.15 to match the literature. A

summary can be found in Table [L.3]f]

Table 1.3: Baseline Parameterization

Parameter | Value H, F

y 1

b 0.5
¢ 0.2
6] 0.5
7 1.25
r 0.05
) 0.15
P 1

9Bounds and equilibrium values were found using a multiple complementarity solver in GAMS.
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1.2.5 A Numerical Experiment

The home country is set to the baseline parameterization, with one parameter in the
foreign country changing at a time. The remaining foreign country parameters are set to the
baseline values.

Increasing the initial population in the foreign country doesn’t change optimal behavior
of firms or workers relatively, but does change allocations of workers (Figure [1.5)). Workers
from the foreign country migrate to offset greater competition with the increase in the
population until the unemployment numbers for foreign workers are equalized across the two
countries. Home workers’ inability to move keeps them at home, and they are unaffected by
the increase in foreign workers due to the increase in vacancies offered keeping the market
tightness in the home country constant. Home workers have higher unemployment until the
foreign population is triple that of the home population. Wages are unchanged by changes
in initial population in the foreign country; however, not all workers receive the same wage.
Foreign workers remaining in the foreign country receive a slightly higher wage than other
workers.

Figure illustrates the impact from an increase in productivity in the foreign country
from parity with the home country to quadruple that of the home country. Workers still
choose to move even when the foreign country is far more productive, though fewer move
as the foreign country becomes increasingly productive. Higher productivity also results
in many more vacancies opened in the foreign country as firms seek more workers (second
panel). Unemployment for home workers increases in this case, as foreign workers migrate
less and firms open fewer vacancies to entice workers due to the high opportunity cost to
foreign workers to leave their home country (third panel). Again, home workers always have
higher unemployment than foreign workers. Increasing foreign productivity increases wages
for foreign workers remaining in the foreign country and new migrants, but decreases wages
for home workers and foreign migrants who had their most recent unemployment spell in the

home country. Increases are most dramatic for foreign workers who never move followed by
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Figure 1.5: Non-Discrimination Changing Initial Population
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foreign workers returning from the home country and foreign workers migrating to the home
country for the first time.

Moving from costless to very costly (right to left) posting in the foreign country, fewer
foreign workers are located in the foreign country until no workers remain when costs absorb
approximately one third of the value of production to the firm (Figure[1.7). Market tightness
in the home economy does not change since workers move from the foreign country as firms
more than compensate by opening more vacancies (second panel). This is contrasted with
the case in the foreign country where posting becomes prohibitively costly, and firms post
increasingly fewer and fewer new vacancies as the available pool of workers becomes smaller
and smaller (first and second panels). Unemployment in the foreign country drops to around
1% at the upper limit of costs, and the unemployment of foreign migrants converges up to
meet that of home workers (third panel). Wages decrease with cost increases for foreign

workers who never migrate, and for new migrants. The decrease is largest for foreigners who
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Final Populations
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Figure 1.6: Non-Discrimination Changing Productivity
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never move followed by returning migrants and then new migrants into the home country.
Home workers and foreign workers who migrated prior to their most recent unemployment
see a very slight increase in wages once the foreign posting cost is larger than in the home
country.

Changes in unemployment benefits have relatively little impact on the equilibrium distri-
bution of workers between countries. As the foreign country becomes more generous, more
workers locate in the foreign country, but the change is small, as seen in Figure Market
tightness in the home country drops by about 25% as firms are less inclined to draw foreign
workers who would have a higher outside option in bargaining from the increasingly generous
benefits they receive in their native country (second panel). Firms in the foreign country
offer relatively more vacancies as benefits increase, but the change is small, and seeks to
induce workers to leave unemployment. Unemployment increases for home workers as the

number of vacancies falls, increases slightly for foreign stayers as the total foreign population
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Figure 1.7: Non-Discrimination Posting and Maintenance Costs Changing
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increases, and decreases for foreign workers due to lower migration rates from the generosity
of foreign unemployment benefits. Foreign workers always have lower unemployment than
home workers. This relatively small impact from changes in unemployment benefits supports
the empirical evidence put forth in Nickell (1997, 2006). Increasing unemployment benefits
results in higher wages for foreign stayers and new migrants with the largest increase accru-
ing to stayers. Home workers and migrants who moved previous to the most recent period
of unemployment see a decrease in wages as the foreign country becomes more generous to
the unemployed.

When workers in the foreign country gain bargaining power, moving from receiving almost
none of the surplus of the match to 86% of the surplus, fewer foreign workers choose to
locate in the foreign country until no foreign workers remain (Figure . This is due to the
erosion of firms’ incentives to post vacancies where increases in workers’ bargaining power

in the foreign country mean that home firms have no incentive to maintain open vacancies
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Figure 1.8: Non-Discrimination Changing Unemployment Benefits
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when the demand for those positions drops significantly. Foreign firms change their posting
behavior relatively little as vacancies increase in line with the larger foreign population.
Unemployment is increasing in the home country as fewer vacancies are posted as well as for
foreign stayers since the job market becomes more competitive with the population increase
from the increased bargaining power. Foreign migrants face lower unemployment due to
their dwindling numbers. Wages for foreign stayers and returning migrants increase with
the increase in bargaining power while all other workers experience no change in wage.
Home workers and foreign workers who migrated previous to the most recent episode of
unemployment receive the highest wages until they are surpassed by foreign stayers when
bargaining power is greatest. New migrants to the home country are better off than foreign
stayers and returning migrants until foreign bargaining power surpasses the power in the
home country.

Changes in unemployment benefits have the smallest overall impact on unemployment in
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Figure 1.9: Non-Discrimination Changing Bargaining Power
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both countries. Productivity, posting costs, and bargaining power can cause large differences
in population allocation, unemployment and wages across groups of workers.

When firms are only permitted to post jobs according to the location of the firm, and
not using workers’ characteristics, home workers are affected by foreign workers” migration
decisions. I interpret the increase in home workers’ unemployment rates as arising from the
crowding out of home workers by foreign workers when the home country is a more desirable
place for workers to live. More workers are migrating to the home country on average than
is observed in the data.[:G] The inability of home workers to leave the home market means
that the unemployment predicted by the model is an upper bound on the negative effects on
home workers” unemployment from migrants. While home workers and foreign migrants who

were in the home country during the last unemployment experience are relatively unaffected

10Near the bounds of some parameterizations, fewer workers will migrate in the model than in the data,
but these are often caused by unrealistic parameter values, i.e. workers are four times as productive in the
foreign country as in the home country.
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by changes in foreign country parameters. This is in contrast to other workers who are often
compensated for disadvantages from lower surplus, bargaining power, or benefits.

A modification of the market equilibrium can be made to allow firms to target a particular
subset of workers. I refer to this as discrimination. This is not meant to be discrimination in
the idiomatic sense. Discrimination in this world is defined such that the employer chooses
to open a position to workers based on worker country of origin and current unemployment
location. This makes the equilibrium segmented, and is the most restricted version of the
model. Discrimination in this sense is not completely unrealistic: firms looking to post a
vacancy may want to search specifically for skills known to be possessed by a subset of the
unemployed that would limit potential applicants to only foreign migrants. Even though the
constrained nature of the discrimination set-up may not represent real world employment
and migration decisions, it establishes a baseline model to describe a worker’s migration
decision based on varying labor market characteristics. For a full description of the model

environment, comparative statics, and numerical experiments, see Appendix [4.0.3]

1.3 Efficient Allocations

Next, I consider the allocation of workers and their employment status, across the two
countries by a benevolent social planner.

Typically in models of labor search and matching, it is possible to evaluate welfare and
efficiency of the market outcome by comparing the workers’ bargaining power in the market
outcome to the elasticity of the matching function. When the two match, this is known as
the Hosios condition for efficiency of the market equilibrium given the search frictions the
planner facesE-] There are a number reasons this is not possible here. The first reason is
that the markets here are not symmetric. In contrast to Davis et al. (1996)), the ex ante
separation of markets via geography does not allow for a comparison due to the ability of

workers to effectively change their type by migrating. It is also not possible to reach the

H"See |Hosios| (1990).
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equivalent condition for each market individually due to market and worker heterogeneity,
and worker ability to change typeE

The planner’s objective is to maximize total social surplus shared between firms and
workers without prioritizing how the surplus is divided. The planner is subject to the same
matching frictions as in the competitive equilibrium, and faces the same costs to posting
jobs.

The planner maximizes:

/ e_rt[(yF - CF)nFF + (yH - CH)(”FH + nHH) +bpupp + bH(uFF —+ UFH) (1.16)
0

—cpOp(upp + upp) — cagbp(upp + upy + upp))

The first four terms are the net benefits for workers from a given allocation across space
and employment. The final two terms are the costs of unfilled vacancies to society.

The planner is subject to the laws of motion for unemployment:

Upr = onp — Opqrurr (1.17)

Upp = onpy — Orqrury — Onquurn (1.18)
Ugg = ongg — Onquuns (1.19)

nrpr = 0pqr(urr + upg) — Onpr (1.20)
nrg = Onqa(urr + urg) — Onpy (1.21)
npn = Opquunn — 0npn (1.22)

12A second reason is that the den Haan, Ramey and Watson matching function employed does not yield
a comparable functional statistic for the first derivative as in the commonly used Cobb-Douglas form for
the Hosios condition. Even with a Cobb-Douglas matching function, it is not analytically possible to reduce
the free-entry conditions for firms to compare across the planner’s allocation and the market allocation in
equilibrium as is typically done. If a Cobb-Douglas matching function were used in the context of this
paper, the equality of workers’ bargaining power and the elasticity of the matching function does not yield
a first-best outcome because of the asymmetry of the markets.
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These six constraints represent the same evolution of employment and unemployment as
in the competitive equilibrium. The planner is also subject to the same equilibrium condi-
tions as in the market equilibrium on population, market tightness definitions, and migration
which ensure a stationary equilibrium Equations - [L.15)). These equations match the
flow descriptions in the market outcome. The difference in the planner’s allocations all work
through the choice of market tightness before migration conditions are imposed.

Wages are determined exactly as in the competitive equilibrium models shown in equa-
tion , with firms and workers sharing the surplus of the match according to worker’s
bargaining productivity, 55 while firms in country k receive (1 — fi) of the match surplus,

although the planner is indifferent to the sharing rule, 5.

1.3.1 Comparative Statics

Comparative statics for changes in parameters under the planner are identical to those for
the market equilibrium. The planner is subject to the same laws of motion for job turnover
and migration conditions. The difference lies in that the planner will choose different market
tightnesses from the competitive equilibrium outlined above.

Once again, a numerical experiment is used to show how the planner’s allocations differ

from those of the market behaviors.

1.3.2 Parameterization

Again, I use the same baseline parameterization from the competitive equilibria to better
understand how the planner allocates jobs, and employed and unemployed workers across

countries.
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1.3.3 A Second Numerical Experiment

Allocation of equilibrium population between countries is the same under the planner as
in the competitive equilibrium when the initial population of the foreign country is increased
(Figure . Since all other parameters between the countries are symmetric, the planner
chooses the same equilibrium population allocation dynamic as both competitive markets.
The planner chooses to open more vacancies in the home country when the foreign population
is smaller than the home population, and adds fewer additional vacancies as the foreign
population surpasses that of the home country (second panel). Migrant workers face slightly
higher unemployment than the foreign workers who remain in the foreign country. This is due
to the planner partially internalizing the extra crowding that happens when workers relocate
to the home country. Foreign workers face increasing unemployment as they become less
scarce; home workers’ unemployment is not affected, but is higher than for foreign workers
until there are three times as many foreign workers as home workers.

Figure 1.10: Planner Changing Initial Population
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As foreign firms’ productivity increases, the planner moves fewer workers to the home
country. Once the foreign firms are three times as productive, the planner has equal numbers
of workers in each country. This maximizes total match surplus since the foreign matches
are significantly more productive than home matches. Figure shows that workers are
compensated for the comparatively larger population, with more open vacancies as more
productive matches generate more social surplus from matching. Unemployment is increasing

for home workers as the planner opens fewer vacancies in the less productive country, and
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more vacancies in the foreign country from which home workers are excluded. Migrant

workers experience falling unemployment due to the paucity of migrant workers under the

planner under the planner’s application of the most extreme productivity differential.

Final Populations
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Figure 1.11: Planner Changing Productivity
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The planner reacts to increases in vacancy posting and maintenance costs as in the
competitive equilibria shown in Figure [I.12] As vacancies become more costly in the foreign
country, fewer workers are allocated there until it is so costly that the planner chooses to
put all workers in the home country. Market tightness in the foreign country decreases as
costs increase until no open vacancies are maintained at all. The planner more than makes
up for the increased population in the home country by posting more vacancies as the costs
in the foreign country increase. Unemployment in the foreign country decreases as workers
are moved into the home country, and unemployment rates for foreign migrants converges

upward to that of home workers.

Figure 1.12: Planner Posting and Maintenance Costs Changing
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As unemployment benefits increase in the foreign country, the planner allocates more

workers there, but the change is small (Figure [1.13)). The planner also decreases market
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tightness in both countries as benefits increase because the planner is less concerned about
drawing people out of unemployment when it is more generous: matches under high benefits
in the foreign country generate less surplus. Unemployment for all workers increases due to
the decrease in vacancies posted, though home workers see the largest increase, and always

have higher unemployment.

Figure 1.13: Planner Changing Unemployment Benefits
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Reassuringly, Figure shows that the planner does not react to changes in workers’
bargaining power as he is agnostic about the allocation of the match surplus, and only
seeks to keep the total surplus as large as possible given the values of the other parameters.
Populations, market tightness, and unemployment do not vary with bargaining power under
the planner.

Figure 1.14: Planner Changing Bargaining Power

24

1523

061

477
735

dl l‘

01 1 .01 1

31



1.3.4 Comparison of the Market and Planner’s Problem

Now, looking at how far from the planner’s allocations the competitive equilibrium under
non-discrimination falls, Figures[1.5] and show the impact of increasing the foreign-born
population. In terms of allocation of people, the planner always allocates more workers to
the home country, and always keeps slightly more than half of the foreign-born workers in the
home country. The planner keeps market tightness in the foreign country lower, and home
country tightness higher than in the competitive equilibrium, but home market tightness
decreases as the population increases. Unemployment for home workers is slightly less than
1% lower under the planner, and foreign migrants face slightly lower unemployment than
foreign stayers even though the competitive equilibrium shows foreign workers kept equal.
The planner more generously compensates migrants for the decreased probability of finding
a job as the population becomes large in the home country.

When productivity increases in the foreign country, the planner increases the equality of
worker allocation as in the competitive equilibrium (Figures and [L.11)), but begins with
a less equal distribution and ends with a more equal distribution when foreign productivity
is highest than in either market outcome. Market tightness also begins at parity under the
planner when the countries are symmetric, but tightness diverges more dramatically under
the planner (Figure shows a large drop in the home country along with the increase in
the foreign country). This is more extreme when the countries are more similar, and changes
less as the populations equate and almost no foreign workers are moved to the home country.
Unemployment increases in the home country as the planner employs many workers in the
more productive country, and almost none in the less productive country. Unemployment
drops for the few workers who are still moved to the home country, and foreign workers
always experience lower unemployment under the planner.

The planner also mimics the competitive equilibria when posting costs increase in the
foreign country, but reacts more aggressively. Workers are moved out of the foreign country

more quickly as posting costs to firms increase, and all workers locate in the home country
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under lower foreign posting cost than in the market outcomes. Figures and reflect
this same desire to move foreign workers away from the increasing cost as market tightness
begins lower in the foreign country, and more quickly moves toward zero as costs in the foreign
country increase. The planner also compensates for the population changes by increasing
market tightness in the home country. Unemployment for all workers follows the same
pattern under the planner as in the market, but migrants’ unemployment converges with
that of home workers once all workers are located there whereas the market maintains foreign
workers at lower unemployment levels than home workers, even when all workers are in the
home country.

Qualitative changes in allocations under the planner when unemployment benefits in the
foreign country change are very similar to changes under non-discrimination. The planner
chooses a slightly less equal population distribution, shown in Figures and[1.13] However,
market tightness decreases in both countries as foreign benefits increase. The planner keeps
more foreign workers in unemployment due to the high value of being unemployed, and opens
fewer home vacancies due to lower rates of migration than in the market outcome. Figures
and show relatively small changes for all workers under the planner, even when
unemployment benefits increase. The planner employs more home workers than the market
and similar numbers of foreign workers. Overall, for changes in unemployment benefits, the
market outcomes are not far from those under the planner (with the exception of the number
of unfilled vacancies maintained) as the planner keeps the non-profit generating activities to
a minimum while the market cannot as easily allocate efficiently.

Although the planner does not make changes according to changes in bargaining power
as the market does, I still examine the difference between the two. Compared to the mar-
ket, the planner initially has a less unequal population distribution when foreign bargaining
power is low, but has a more unequal distribution when power is high. Figures and
show that while the planner chooses a a slightly lower market tightness for the foreign coun-

try, the home market has a lower market tightness than under the market when bargaining
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power is low, and higher levels when bargaining power is high. There are equal outcomes
when workers bargaining power is equal in both countries. The planner chooses an unem-
ployment level for home workers almost ten percentage points higher than the market when
bargaining power is low, but home workers experience lower unemployment under the planner
when bargaining power is greater in the foreign country. Foreign migrants experience lower
unemployment under non-discrimination. Foreign stayers have lower unemployment under
non-discrimination only when foreign workers receive less than 48% of the match surplus,
and have lower unemployment under the planner otherwise.

Under the numerical example provided, we see that the market allocation frequently
diverges from the efficient allocation. The lack of an analytical solution prevents a more

careful construction of differences for a general choice of parameters.

1.4 An Application of the Model

This section presents two calibrations of the model to match with the high-migration, low
difference in unemployment rates case (exemplified by the US) and the low-migration, large
difference in unemployment rates case (exemplified by Europe) outlined in the Introduction.

I chose parameters for the model that are realistic in the sense that they represent
economies which are relatively similar, but predict different stationary equilibria. Table
[I.4] shows the different values for the two cases. The particular parameters here generate the
different equilibria that are targeted, but are not the only parameterizations that generate
the qualitative differences I target.

In the high-migration, low difference in unemployment rates case, parameters reflect
very similar economies in the two countries. The case shown in Table gives the model
prediction from the case where both countries (or US states) are perfectly symmetric. In
this scenario, workers still choose to migrate, though the model does not require non-zero

migration flows. Table shows that over 75% of workers in the foreign country leave for
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the thicker market in the home country. Overall unemployment rates are high- at 37.5% and
41.1%, but reflect the similarities across the two markets. There is also significant wages
dispersion across the different workers. Workers in the foreign country, whether they never
left or are newly returning, receive the lowest wages followed by new migrants into the home
country. Previous migrants and home workers receive the highest wages.

In the low-migration, large difference in unemployment rates case, parameters reflect
fairly similar economies, but ones that vary in ways that create large differences in unem-
ployment rates across the two countries. In this case, the foreign country is more attractive
in some ways, but less attractive in other ways compared to the home country. The foreign
country is more productive and has higher bargaining power, but lower unemployment bene-
fits and higher costs to posting and maintaining a vacancy for firms. This trade-off results in
much lower migration into the home country: now only 24% of foreign workers locate in the
home country, and unemployment rates are much different from the US proxy scenario. Un-
employment rates are 39.7% and 66.7% in the foreign and home country. Again, these overall

rates are very high, but the levels were not the target moment for this parameterization.
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Table 1.4: Parameters

yr | ym | br

by | cr |ca | Pp | Py | Br | Bu

US proxy 1 1 105 05 ] 02

02] 1 1 1075 (075 1.25]0.05|0.15

Europe proxy | 1.65 | 1 | 0.45

0551025102 1 1 1085 | 0.8 | 1.25]0.05|0.15

Table 1.5: Outcomes
Or O Urp UrH UgH Up Ug P 5 P I]; WrrF | WprH | WFHF | WFHH | WHHH
US proxy 0.059 | 0.214 | 0.087 | 0.288 | 0.439 | 0.375 | 0.411 | 0.232 | 1.768 | 0.741 | 0.746 | 0.741 | 0.755 | 0.755
Europe proxy | 0.190 | 0.056 | 0.301 | 0.096 | 0.732 | 0.397 | 0.667 | 0.759 | 1.241 | 1.32 | 0.758 | 1.297 | 0.759 | 0.759




This points to one avenue of policy that countries can employ to keep workers at home:
increasing productivity decreases out migration and increases wages. Countries hoping to
keep more of their most highly skilled workers would do well to institute national policy
helping workers and firms to be more productive. Countries hoping to limit in-migration
from other countries could provide FDI in common sending countries that works toward
improving productivity abroad[”| Aside from efforts to improve productivity in common
sending countries, the countries seeking to make unemployment rates more similar could
also work to decrease labor market frictions for matching, and to open up all markets to be
more flexible. Although not explored in great detail in this section, the role of unemployment
benefits in generating unemployment could also be targeted. Lower, or shorter term unem-
ployment benefits have been shown to decrease overall unemployment rates in the numerical
exercises above, and in empirical literature.[lzr] The role of workers’ bargaining power is an
additional mechanism put forth for explaining the differences between US and European
labor markets. Perhaps since migration may not be enough for labor market conditions to
converge, these other policy avenues would more efficiently use resources in improving the

market equilibrium.

1.5 Conclusion

Despite the focus on the role of migration as a convergent factor for unemployment rates
within the US, the model in this paper shows that migration alone may not be the driving
force in keeping US unemployment rates more similar than those across European countries.

Workers choose to move not only based on productivity and expected wages in the re-
ceiving country, but also based on the likelihood of gaining employment upon migrating.
While the model presented in this paper prevents a subset of workers from migrating, the

equilibrium impact from some workers migrating is insufficient to generate equal (or near

13Many would argue that the Brexit vote was driven by anti-immigrant sympathies among lower skilled
Brits.
1See Nickell (1997, 2006) for examples concerning the comparison between the US and Europe.
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equal) unemployment rates across countries in all but a handful of special cases which are
highly dependent on the particular parameters chosen.

Wage effects for home workers are highly dependent on the mechanism for generating
migration. When productivity difference across countries generate the move, home workers
suffer very little as in |Card| (1990), but when the mechanism is business environment as for
posting costs, home workers suffer larger losses akin to those in Borjas (2003). Including
worker heterogeneity in a model of search with migration would shed light on this debate.

In a model of matching with restricted migration, the movement of workers across asym-
metric states has been shown to be insufficient to generate a convergence in unemployment
rates across countries for a variety of parameterizations. For this reason, one potential ex-
tension to study unemployment rate variation at the country level should focus on those

factors which are most salient to those moving: costs to move and be away from home.
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Chapter 2

Labor Market Search with Migration:

Unbundling Cost Mechanisms

2.1 Introduction

The lack of cross-border labor mobility in many existing search models limits our under-
standing of labor markets in an increasingly globalized economy. I examine the migration
decision of a worker by using a migration model of employment search which allows for costly
migration and variation in unemployment and labor market characteristics in equilibrium.
I build a theoretical model to follow workers” employment status and location, and utilize
differences in labor market institutions across borders to show that capturing these worker
flows across borders is an important aspect of search that has been largely assumed away. |
then apply the model to data from the European Union (EU) to explore the effectiveness of
the model in generating realistic outcomes. This sheds light on important considerations by
workers to move away from home even when that move is costly, and highlights the tradeoffs
that (potential) migrants face.

Large flows of intra-euro zone migration with persistent differences in unemployment

rates further complicate our understanding of unemployment at the European Union level.
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Figures and from [Sargent| (2017)) show the increase in intra-EU mobility from 1998-
2012 and the differences in unemployment across EU states since the introduction of the euro.
The total numbers of labor migrants have consistently increased with migration from eastern

countries providing a large proportion of flows, with only a short-lived decrease following the

financial crisis of 2007,/2008.

Figure 2.1: Global Unemployment Rates and Variation
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I construct a benchmark search model with costly migration to explore the migration
decision at the individual level through the lens of costs that workers faceH I build a

model that describes the cross-border migration decision, and evaluate the unemployment

T focus specifically on the euro zone countries in order to abstract from the complications arising from
the non-universal use of the euro throughout the EU and the rest of Europe. See Appendix A for a list of
countries. This framework could also apply to post-Great Recession markets in the US where workers face
a barrier to move from mortgage debts, and other costs associated with regional moves within the US.
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Figure 2.2: Intra-EU Labor Migration by Region
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Figure 2.3: Source: Europa

and efficiency implications of the decentralized equilibrium. I further disaggregate between
costs workers face from moving between two locations and costs faced from being away from
one’s country of origin. Results indicate that this distinction is important in determining
equilibrium unemployment rates and population distribution across countries. The bundling,
or ignoring, of the differences in these two types of costs to workers points to important policy
implications for labor migration within the EU. The model predicts that making moves easier
by eliminating legal barriers to movement, as most legislation has focused on, may be less
important than making living abroad easier through language and cultural assimilation aid.

I pay particular attention to population distributions across countries in addition to the
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standard emphasis on market tightness and unemployment.

I differentiate between two competitive equilibria and a planner’s allocation to explore
different firm behaviors to distinguish between the impacts from firms targeting/not targeting
particular worker types. I use the planner’s allocation to evaluate the distance from a first
best outcome both for the more realistic competitive equilibrium and current levels in EU
data.

A specially commissioned Eurobarometer public opinion survey in 2009 highlights the
main incentives for and deterrents of migration for work purposes. A majority of respondents,
60%, think free labor mobility within the EU is good. Respondents report that approximately
2% of EU citizens were actively working abroad in 2009 while about 10% have ever worked
abroad, and having lived abroad in the past makes people more likely to consider living
abroad in the future. Although this is a minority of EU and euro area citizens, it implies
10 million people were working in a country other than the one of their citizenship, and
50.2 million had ever worked abroad P| Additionally, 17% of European adults expect to work
abroad in the future with newer EU members’ citizens more likely than older EU members
to say they expect to ever work abroad. Figure also documents that this number is likely
to continue to increase into the future.

Bonin et al.| (2008)) report that Cyprus, Malta, Romania, Bulgaria, Slovakia, and Belgium
have the most out-migration into other EU countries with 2.6% to 13.3% of the sending
country population living and working abroad in 2007/ SH The average cross-border mobility
rate for moves by EU citizens within the EU is about 0.2% per year (approximately 20% of
all movers regardless of destination being in the EU or not). Each year, about one million
EU citizens move across an EU border for work. Within-country moves average 1% of
the population per year. This is much lower than regional mobility for non-EU migrants
within the EU, indicating that EU citizens are less mobile than external migrants, and

further emphasizing the importance of the cost of being away from home identified by the

2Based on a population of 502,090,235 for the euro area in 2009 according to Eurostat.
3Based on a labor force survey conducted from 2007-2008 in the EU.
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Eurobarometer survey.

Migration flows are also not simply in one direction. Figure [2.1] shows that no single
region dominates migrant flows across borders. People are willing and able to move back
and forth across borders, and do so with some frequency. Of those who have worked abroad,
17.5% have moved more than 4 times, 35% have moved 2-4 times, 14.9% have moved once,
while only 14.3% have never moved from home (choosing to commute rather than relocate).
The relatively low mobility among EU citizens, and the hesitation to leave one’s home, point
to cultural barriers to a single Europe-wide labor market even though migrants are willing
to move back and forth over time and legal barriers are small or non-existent.

Living and working abroad is not seen as costless: Being away from home is the single
most important cost to deter someone from seeking employment outside of their home coun-
try. 7 [L]anguage and cultural barriers are extremely important when explaining the limited
level of geographic mobility in Europe” (Bonin et al.| (2008), 9). Two of the three factors
determined to have significant explanatory power for the lack of migration are language and
culture. The third is a more generic “job hurdles”, which likely includes the other two.
This contrasts with the absence of moving costs in responses to questions about the most
important costs to living and working abroad.

Although one aim of the EU is to act as a single labor market, it remains disjointed
(Pascouau 2013, Zimmermann 2013). Significant changes in labor market and institutional
structures at the European level have drastically reduced the policy differences in labor
markets across the EU since the introduction of the euro. While explicit legal barriers to
mobility have been largely eliminated some, such as unemployment benefit requirements,
have increased (Burda and Wyplosz (1994), Epstein| (2012), Bertola and Rogerson| (1997),
Scarpettal (1996)), Jolivet et al. (2006), Nickell (1997), [Yashiv| (2007))[]

In the theoretical model I emphasize differences in costs to moving away from origin, costs

to move back after a previous move, and costs to being away from one’s country of origin

4For example, the UK recently introduced a lag period for new migrants to receive benefits. It remains
to be seen how immigration will be legislated following Brexit negotiations.
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to examine the role that different costs play in influencing a move, as well as their relative
importance in the decision. I also report results from differences in structural parameters. I
find significant differences in the effects from these parameters across model specifications. In
the competitive equilibrium specifications, I find that the impact on labor market outcomes
from flow costs to being away and moving costs is less clear than commonly perceived both
in driving the the migration decision, and potentially resulting in welfare costs due to these
inefficiencies. The bundling of these cost in the literature obscures important differences
in the margins of the trade-offs of migrating for employment, and the focus on move costs
ignores the most salient factors migrants consider when moving.

Empirical work on migration has focused on the role of expected income in the migration
decision and the estimation of welfare impacts from migrants, but has not utilized other
aspects of labor markets or workers to motivate movements (Beine et al. (2013), Kennan
and Walker| (2011))). For example, |Ortega and Peri| (2013)) document international migration
for OECD countries, and find that mobility is indeed higher between EU countries than with
the remaining OECD countries, but does not investigate costs faced by workers. Welfare
impacts also extend to wage effects from an influx of migrants. |Card| (1990)), Borjas| (1985)),
Gerfin et al.| (2010), Ottaviano and Peri (2012), and |Cadena and Kovak| (2016) find varying
impacts on natives’ and migrants’ wages from immigration. The variation in the estimation
of the effects stems partially from the reliance on natural experiments, like the Mariel boat
lift or the Great Recession, and the lack of a general equilibrium theory to explain effects
not only on particular subsets of workers in the receiving country, but the effects on those
left behind as well.

Theoretical models often explain only within-country moves, and neglect important bar-
riers to movement such as language, culture, and immigrant requirements for unemployment
benefits as well as institutional and productivity differences across national borders. [Kawata
et al|(2014) find large welfare effects from moving costs between prefectures in Japan with

wage posting and move costs, but do not allow for flow costs. They find that costs to moving
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have a significant, negative effect on welfare, but this may be due to the omission of flow
costs in their model. [Schmutz and Sidibé (2015) find similar effects in a search model based
on the French labor market.E] In a related theoretical model, Kline and Moretti| (2013) show
that migration lowers unemployment and can increase welfare in equilibrium. Equilibrium
is imposed using a costly housing market allocation and requires symmetry in other factors.
Workers face no costs to moving, or living away from origin location. Finally, |[Lkhagvasuren
(2012) utilizes an island model and US data to compare persistent differences in unemploy-
ment rates between US states across different age groups despite high mobility in a wage
posting model with only move costs to workers.

This paper builds on existing search models to include migration across countries in
equilibrium while allowing for detailed study of the impacts of labor market characteristics

on labor market conditions such as unemployment, population allocations, and wages.

2.2 Model

The model characterizes the migration decision in a search model with labor mobility.
Limiting migration to agents of one origin country or region allows for clearer exposition of
the marginal migration decision, and the labor market characteristics that influence the de-
cision. It also corresponds to the dominant migration pattern between the bigger economies
of north-western Europe and the smaller, poorer economies of eastern and southern Europe
documented in [Bonin et al. (2008)).

The model is in continuous time, and all values represent total flow value for a given agent.
Each country shares a single interest rate and time discount factor for agents, r. All workers,
regardless of country of origin and unemployment location, have the same productivity or
skill, y, based upon location of employment. Productivity can be thought of as a measure of

aggregate development, or predominant sector of comparative advantage of the economies

5See Molho (2001)), |Chassamboulli and Palivos| (2014), [Ortegal (2000), and |Zenou (2009) for a selection
of others.
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in addition to physical production. Each firm posts only one job. Both countries share the
same exogenous job destruction rate, 6. The countries may have different jobless benefits,
b, worker bargaining power, 3, and costs to posting and maintaining a vacancy, c¢. These
differences are job location-specific, not worker origin-specific, so a worker who migrates does
not bring his bargaining power or jobless benefit with him.

Only workers from the foreign country, F', are allowed to migrate. Workers from the home
country, H, can only search and work in the home country, and there is no on-the-job search.
Migration can only happen when a worker is unemployed, but is not in only one direction:
unemployed foreign workers may go back and forth between countries anytime they match
with a firm in the country in which they do not currently collect unemployment benefits.
They are not obligated to return after migration, and may stay in either county indefinitely.
This allows a flow of foreign workers in both directions, which works to equilibrate the labor
markets.

At the beginning of time, workers are either employed or unemployed, and firms have
filled and unfilled vacancies. Some matches are destroyed, and the unemployed search in
either market. Some matches occur, and workers move, if necessary. Once vacancies are
filled, and workers have moved, production occurs and benefits are collected. Variables are
denoted with a triplet {i,j,k} = H, F' so that variable X is identified: XZ’; Worker country
of origin is denoted by %, j gives the workers’ current location, and k gives the location of
the job or benefit received.

I separate between competitive equilibrium models of “discrimination” and “non- dis-
crimination” on the part of firms, though this should not be interpreted as discrimination in
the idiomatic sense. Here, discrimination means that the employer chooses to open a posi-
tion to workers based on worker origin country and current unemployment location. While
the set-up may not fully capture real world employment and migration decisions, it estab-
lishes a benchmark model that is relatively simple while still capturing key characteristics

of migration patterns in the data. The non-discrimination characterization further improves
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upon the discrimination characterization in matching EU data.

Matching brings together unemployed workers and open vacancies in the labor market,
and places them into a randomly matched, filled job with an employed worker. Matching
parameters may differ between worker origin, worker unemployed location, worker employed
location. The probability of matching is independent of search effort.

The functional form for matching matters greatly: Cobb-Douglas forms are common in
search models due to the simplicity of solutions, and fit with data in individual economies.
The den Haan et al.|(1997)) form has the benefit of probability bounds between zero and one,
but never results in an analytical solution (den Haan et al.| (1997) and Petrosky-Nadeau and
Zhang (2013))@ Petrosky-Nadeau and Zhang (2013) show the fit of this matching function
using US data.

Matching is dependent on the stock of unfilled vacancies, v, and the stock of workers who

are currently unemployed, u:

M (u,v) =mf(1, %)u =q(0)u (2.1)

Where 6 = v/u. Market tightness, 6, gives the ratio of open vacancies to unemployed
workers. The probability that an unemployed worker is matched with a firm is ¢(f), and
0q(0) is the probability that an unfilled vacancy is filled. The den Haan, Ramey, and Watson
form of matching is governed by Zj, the elasticity of matching in the firm country, k = i, j.

The probability that a worker meets with a vacancy is given by:

qe(0%) = (1 + 0, 7%) =1/ % (2.2)

with dg;/00; < 0.

The segmented markets in the discrimination case means the relevant market tightness

6Migration and market overlap prevents an analytical solution even with the use of the Cobb-Douglas
matching. The model presented here makes use of the den Haan, Ramey, and Watson form to utilize the
probability limits built into the functional form without adding an additional restriction to the model as it
requires only one parameter rather than two as with Cobb-Douglas matching.
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and matching probability is governed by worker country of origin, worker unemployment
location, and firm location. Under non-discrimination, workers’ probability of matching
with a vacancy is dependent only on conditions in the particular country of the job location.

These are shown explicitly in the relevant sections below.

2.2.1 Discrimination

In the discrimination model, each job type is a separate labor market. This is because
firms choose to post a vacancy targeting a particular portion of the unemployment pool.
This is similar to the segmented equilibrium for a two-skill, one country model in |Albrecht

and Vroman (2002) and Blazquez and Jansen| (2003).

k
R

Since markets are separate, market tightness in each sub-market, ., is independent of
the others. Market tightness spillovers happen only due to a worker’s change of status.
For example, if a worker moves to another country for employment and then loses that
employment, his relevant market tightness has changed twice: the first when he moved; the
second when he became unemployed again. Importantly, he has not internalized his effect
on his original or new market tightness when making the decision to search and migrate.

Jobs and workers are defined specifically by workers’ country of origin, country of un-
employment, and matched location. As such, market tightness in this setting is defined
as:

E _ ko k
eij = vi‘/uij (2.3)

J

Through migration and subsequent job destruction, unemployment rates in each sub-
market have impacts on other sub-markets. If no workers ever migrated, the model would
simplify into two parallel markets that behaved like the one in |Albrecht and Vroman| (2002)
and |Blazquez and Jansen| (2003).

Workers choose where to search based on the perceived return from search in each market.
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In equilibrium, the flow value of search in each market is equalized, making workers indifferent
between searching in either country. The flow value of unemployment to the worker, rU,
depends on the unemployment benefit and the probability of finding a job in each market,
as well as the net value of moving from unemployment into employment for a particular job.
Not all workers have the same value of unemployment. The act of searching is itself costless,
but workers face two other costs. The first, ¢, represents the cost to move from country
J to country k. The second, 7;;, is the flow cost to a worker from country ¢ who currently
lives in country j. 7;; can be thought of as a language or other cultural barrier, or costs
to commuting or phoning home to stay in touch with family left behind. The flow value of

unemployment is thus:

rU;; =bj — 75 + Tgax{efﬂfj(@fj)(]\fﬁ — UL — o)} (2.4)
Where 7;; = 0 when ¢ = j and ¢;; = 0 when j = k.
The flow value of employment to the worker, rN, is the value of the wage less the
discounted value of moving into unemployment and flow cost to living away from home:

Firms choose whether to post a vacancy based on the cost to post as well as the probability
weighted value of filling the vacancy and moving into production. This gives the flow value

of posting a vacancy, rV:

Vi = ey + 5 (05) (5 — ViE) (2.6)

The flow value of a filled vacancy to the firm, rJ, is the value of productivity less the cost

to posting, the wage payment, and the probability weighted value of the match dissolving:

rJikj =y — wfj — ¢, + (5(‘//; — Ji’;) (2.7)
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Wages are bargained based on production surplus, bargaining power, and costs (estab-
lishing a vacancy for firms and movement or flow costs of migration to workers, if applicable).
Bargaining captures the power of labor unions present in many developed countries and al-
lows differences in outside options to migrate to be reflected in wages through unemployment
values rather than as a result of an optimization done by firms as in wage posting models.

Workers receive share i of the match surplus, Sfj, where Sfj = ij + Ni’; - Ui — VZ’;

Firms in country k receive (1 — ) of the match surplus: (1 — §;)S};.

Equilibrium

In equilibrium, workers are allowed to move only when gaining employment, but flows
between countries off-set one another so that the net migration is zero. This allows for a
characterization of the equilibrium in terms of market tightness determined by the labor
market bargaining for wages and the free-entry condition for firms.

Market tightness is the number of open vacancies for each of the five types divided by
the total population of ”eligible” unemployed to fill those vacancies. Under discrimination,

there are five separate markets:

F UIP;F
UFF
H UEH
Oy = —— (2.9)
UHH
H UgF
Upp
oF
oL, = 12 (2.11)
Urg
vl
o, = 12 (2.12)
UrH

The first two give the market tightness for ”stayers”; those workers who do not leave

their country of origin. The third gives the market tightness for a new migrant; he has not
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been employed abroad since his last unemployment spell, but may have lived abroad in the
more distant past. The final two give market tightness for recent migrants. The fourth is
a recent migrant who has lost his job and is now gaining employment back in the foreign
country. The final is for a recent migrant who lost his job, but is staying in the home country
with his new job match.
Wages can then be characterized from market tightness and parameters:
Ck

wy = BSy; = Bilyr — cn) + (L= Be)rU; = yx — ek — — (2.13)
q’f(eij)

The first equality is from the worker’s problem; the second from the firm’s free entry
condition. Together with market tightness, these determine wages for each type of worker.
Initial populations are the sum of all unemployed and employed workers from each coun-

try, regardless of current location:

Pf :uFF+UFH+n§F+n§H+ngF+n§H (2.14)

P = wupy +nl, (2.15)

o

Job creation and destruction conditions ensure that the total stock of employed and
unemployed in each submarket remains constant in a stationary equilibrium. Workers move

between these pools, but all flows offset in equilibrium:

0% rqrr(Opp)urr = Onpp (2.16)
v rqrr(OFr)urr = 0ngp (2.17)
O I (2.18)
Ornarn (07 )urn = ongy (2.19)
O n@n(Ong ) umn = dnjly (2.20)
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Finally, the migration condition ensures that overall populations at the country-level
remain constant in equilibrium while allowing people to move in and out of each market.

This does not require that populations are equal, or equal to initial values:

QEHQEH(QIZH)UFH = equgF(egF)uFF (2.21)

Parameterization

In order to ensure non-negative solutions for wages, market tightness, unemployment
rates, vacancies and employment rates, productivity, y, is bounded below by the sum of cost
to posting a vacancy, ¢, unemployment benefits, b, and costs to move or be away from home,
¢ and 7, when applicable: y > c+b+ ¢ + 7.

Productivity is also bound below by the discounted value of the costs to posting a vacancy:

r—+0
q(0)

y > c(q(f) +

)

These two conditions ensure that firms’ shares of production surplus are large enough
to cover all the costs associated with posting and maintaining an open vacancy or a filled
position. If productivity is not large enough, the value of a filled position, V', falls below
zero. Further limitations can be found on parameter values, but those listed above are
sufficient to ensure reasonable equilibrium values for outcome variables.

Unemployment benefits, b, are bound between zero and one. Costs to being away from
home, 7, and move costs, ¢, are unbounded above, and I limit them to non-negative val-
uesﬂ Initial populations, P,, are also unlimited by the model, though I normalize initial
populations to one in each country.

Workers” bargaining power, (3, is definitionally restricted between zero and one. Pro-

ductivity, y, is bounded below by the sum of unemployment benefits, b, costs to posting a

7A negative flow cost could be characterized as love of travel or adventure that outweighs any language
or cultural barrier.
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Table 2.1: Baseline Parameterization

Parameter | Value H, F
y 1
b 0.5
C 0.2
g 0.5

OrH 0.05

Our 0.05
T 0.05
Z 1.25
r 0.05
) 0.15
P 1

vacancy, ¢, and move and flow costs, ¢pand 7, or one; whichever is larger. Matching elasticity,
Z, must be above 0.3, but is unbounded above; this easily includes the estimated value of
1.25 in Petrosky-Nadeau and Zhang| (2013)). Costs to firms for posting and maintaining a
vacancy, ¢, are bound below by zero, and above by worker productivity less unemployment

benefits and costs to workers to move and be away from home.

Numerical Exercises

The baseline specification for numerical exercises is chosen for comparability with the
non-discrimination and planner’s allocations below. Population and productivity are set to
one; matching elasticity is 1.25 to match [Petrosky-Nadeau and Zhang| (2013). All costs to
workers are set at 0.05; workers’ bargaining power and unemployment benefits are 0.5; these
are within reasonable proximity to average values in EU countries used by |Campolmi and
Faia (2011)). Costs to firms to posting vacancies are set slightly below the value in |Albrecht
and Vroman (2002) and Beine et al.| (2013) at 0.2 compared with 0.3 in the others. Finally,
the discount rate is set at 0.05 and the job destruction rate at 0.15 to match the literature.
Numerical bounds and equilibrium values were determined using a multiple complementarity

solver in GAMS. The baseline parameterization is summarized in Table [2.1]
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In all three numerical exercises that follow, I set the home (receiving) country to the
baseline calibration outlined above, and allow parameters in the foreign (sending) country
to vary one at a time. The far left of the panels gives low values of the parameter, and
increasing values moving left to right. The far right of each panel is the highest permitted
value of the parameter. This shows the impact of policy changes in the sending country
on the destination and origin country labor markets. Changing the parameters in this way
allows for interpretations of the impacts on migration from relative changes in labor market
characteristics in isolation.

Figures 2.4 and [2.5] show the effects of moves in and out of the foreign country becoming
increasingly costly to foreign workers. Market tightness for new movers increases as unem-
ployment for foreign workers decreases in both countries to compensate workers for the cost
(first panel). Unemployed workers not currently facing a move see no change in the proba-
bility of finding a job as the move cost increases (second panel). Unemployment for home
workers is unaffected by changes in the move cost faced by foreign workers since firms can dis-
tinguish between worker type, and need not compensate all workers to increase the available
pool of workers as in non-discrimination below. Foreign workers in both countries face lower
unemployment when moving becomes increasingly costly as firms compensate movers for the
higher cost with a higher probability of matching. The distribution of workers, shown in the
third panel, remains fairly constant, but becomes more unequal as costs increase. Wages
for home workers, foreign workers who never move, and foreign workers who moved prior to
their most recent spell of unemployment are unaffected by move costs. Though the movers
face a lower wage after migration than never movers. Recent migrants experience decreasing
wages as their costs to move (in either direction) increase.

When workers face no costs to living away from home, Figure 2.6 shows that all markets
experience the same tightness (far left of each panel). As flow costs increase, tightness in-
creases for all but the home natives and foreign never-movers. Tightness increases most for

foreign workers who previously moved and are staying in the home country. New migrants
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Figure 2.4: Full Discrimination Move Costs (Leaving)
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and returning foreign workers see the next largest. There are large decreases in unemploy-
ment rates for stayers in both countries and a small increases for movers as flow costs move
from zero to positive, but only small changes as costs become very large as shown in the
middle panel. The increased flow cost faced by ever-movers is compensated with the in-
creased probability of finding a job (larger 6¢(f)). When flow costs increase from zero, the
population becomes less equally distributed quickly, but then the allocation changes become
less dramatic after costs are approximately 15% of total productivity. Workers in either
country who never move see no change in wages from a change in costs to living away from
home. Ever movers all see decreases in wages with new migrants experiencing a smaller
decline than workers who moved prior to their most recent spell of unemployment, who are
the most affected since they have most likely been away from their country of origin longest.

Figure describes increasing productivity in the foreign country. Increasing foreign

productivity decreases market tightness for all workers and unemployment for home natives.
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Figure 2.5: Full Discrimination Move Costs (Returning)
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Unemployment for foreign stayers and in the home country overall (first and second panel)
increases. The foreign country sees an increase in unemployment as it catches up to the
productivity in the home country, and then decreases as productivity there surpasses it.
When foreign productivity is lower than in the home country, only 25% of foreign natives
stay. As productivity increases, more workers stay /return, and few foreign workers migrate
once productivity is twice as high in the foreign country. Even when productivity is twice
that in the home country, workers migrate despite the increase in vacancies in the foreign
country shown in the first panel. The fourth panel shows the impact on wages from increases
in productivity in the foreign country. Home workers and foreign workers who moved prior
to their most recent spell of unemployment see no change in wages from changes in foreign
productivity. Foreign workers who never move have the largest increase in wages from
increases in productivity followed by newly returning migrants and then new migrants into

the home country.
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Figure 2.6: Full Discrimination Flow Costs
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Increases in foreign posting and maintenance costs to firms are shown in Figure [2.8] The
total surplus shared between workers and firms decreases as costs increase. When posting
and maintenance costs to firms are high in the foreign country, fewer vacancies are offered
(first panel), and unemployment increases for foreign migrants while it decreases for those
left behind (second panel). Market tightness for all jobs in the foreign country decrease with
the increased costs to firms. Workers become increasingly less equally distributed as the
surplus falls to zero, and no workers remain in the foreign country. When posting costs in
the foreign country increase, foreign workers who never move see a large decline in wages
while home workers are unaffected. All migrants experience an initial decline in wages,
but then wages stabilize for foreign workers who moved prior to their most recent spell of
unemployment. Recent migrants in either direction see a continues decline that is larger for
migrants returning to the foreign country than for those leaving.

Increases in unemployment benefits in the foreign country shown in Figure decrease

57



Figure 2.7: Full Discrimination Changing Productivity
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market tightness for foreign workers who will move for the next job or who never left the for-
eign country (first panel). Workers staying in the home country, including previous migrants
experience no change in market tightness from the increase in unemployment benefits in the
foreign country. Unemployment increases in the foreign country as employment becomes
less desirable until firms stop opening vacancies and all workers leave the foreign country.
While initial population distributions across the countries are quite imbalanced, increases in
foreign unemployment benefits exacerbates the flight out of the foreign country; shown in
the third panel of Figure [£.9) When unemployment benefits increase in the foreign country,
foreign stayers experience an increase in wages, with an uptick as benefits approach the
upper limit of allowed values. Home workers and foreign workers who moved prior to their
most recent spell of unemployment see no change in wages from changes in foreign benefits.
Recent migrants first benefit from the increase in unemployment benefits, but once benefits

exceed those in the home country, wages decline.
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Figure 2.8: Full Discrimination Posting and Maintenance Costs Changing
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As workers in the foreign country gain more bargaining power, market tightness decreases
for foreign nationals who have never moved, or who are returning from a previous move as
seen in the first panel of Figure 2.10] Home workers and foreign workers staying in the
home country after a previous move experience no effect on market tightness from foreign
changes in bargaining power. Unemployment for all workers in the home country decreases
with the increase in bargaining power, and increases for migrants. The foreign country
first sees overall unemployment increase with the increase in bargaining power, and then
decrease as workers flee to the home country, and a higher proportion of remaining workers
are employed. The third panel of Figure shows the out migration of foreign workers
from the foreign country as bargaining power increases. Increasing foreign bargaining power
increases wages for foreign stayers, foreign workers who moved prior to their most recent

spell of unemployment, and foreign workers who are new migrants into the home country.

New migrants experience a smaller increase than the others. Home workers and returning

59



Figure 2.9: Full Discrimination Changing Unemployment Benefits
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migrants experience no change in wages with changes in bargaining power in the foreign
country.

Overall, home workers, who are not allowed to migrate, experience higher unemployment
under most of the conditions observed. This can be attributed largely to their inability to
move to seek out better, or at the least different, opportunities elsewhere. They are subject
to the choices of foreign country nationals who are able to weigh the varying differences
between the two countries. Home workers are adversely affected when the home country
is more attractive to workers and firms, but the direction of parameter changes matter:
When the foreign country becomes better (worse) by some measure, home workers benefit
(suffer) in terms of falling (rising) unemployment. The ability of firms to discriminate across
worker types also disproportionately impacts home workers as they are a captive labor pool
incapable of arbitraging away opportunities. In general, wages are negatively correlated

with costs to workers and firms and positively correlated with productivity, unemployment
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Figure 2.10: Full Discrimination Changing Bargaining Power
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benefits (for low and middling values), and bargaining power in the foreign country. Home
workers’ wages are never affected by changes in parameters in the foreign country since
firms observe worker types, and can compensate only those workers affected by changes.
Wages for foreign workers regardless of country of residence are more responsive to changes

in parameter values.

2.2.2 Non-Discrimination

In the non-discrimination model, firms post a vacancy solely based on firm location inde-
pendent of worker origin or unemployment location, and randomly meet with all unemployed
workers in that market.

There are two distinct labor markets: one for each country. The main difference between
the non-discrimination and the discrimination versions is that under non-discrimination the

labor markets, through market tightnesses, 6’s, are explicitly interdependent (See Equations
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and . This is due to the fact that firms in either country can hire foreign coun-
try workers, regardless of their unemployment location, and firms cannot choose between
workers.

The impact of each market on the other helps to explain the persistence in differences
in unemployment rates observed in the data (See Figures 1 and 2). Even with freedom of
movement and convergence in labor market policies documented by Bonin et al.| (2008), the
model mimics qualitative patterns seen in the data, and large differences in labor market
conditions persist even when labor market characteristics converge[f]

In the discrimination models, firms hire only one type of worker. Where type is deter-
mined by worker origin, unemployment location, and (eventual) hiring firm location. In the
non-discrimination models, firms choose a vacancy based on the eventual firm hiring location
that is independent of the worker origin and unemployment location. The interdependence
of the two labor markets builds-in the concept of spillovers in the market tightnesses of each
market, while maintaining the externalities imposed by individuals failing to account for
their impacts on each market. Firms are also able to access a much larger pool of workers.
Home firms are able to hire any unemployed worker in either country. Foreign firms can hire
any unemployed foreign worker, regardless of unemployment location. The only restriction
is that foreign firms may not hire home workers since their migration is blocked.

Once again, unemployed workers choose to search in either market (if foreign), with the
flow value of unemployment equal across search in either country in equilibrium. The flow
value of unemployment depends on workers’ country of origin, country of unemployment,

and the net value of finding a job in either country:
rUi; = bj — i + Tax{quk(Qk)(Ni’; — U;;' — i)} (2.22)

Again, 7;; = 0 when ¢ = j and ¢j; = 0 when j = k.

8See Figure and Section 4 for more detailed discussion.
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Home workers face a similar value of unemployment without choosing over k, and face
no costs.

The flow value of employment to the worker, rN, remains the discounted value of the
wage less the value of moving into unemployment:

7;; = 0 when ¢ = j.
Firms choose whether to post a vacancy based on the cost to post as well as the probability
weighted value of filling the vacancy and moving into production without differentiating

between workers of different location. This gives the flow value of posting a vacancy, rV:

q'(0") i i
in country ¢, and
V= —c, ¢ (¢) (T (T V. (T 2.9
rVi=—c¢j+ [wii (J; 7) + wij( ij 7) + i ij 7)) (2.25)

(wii + wij + uj;)

in country j.
The flow value of a filled vacancy, r.J, to the firm is again the discounted value of pro-
ductivity less the cost to posting, the wage payment, and the probability weighted value of

the match dissolving:

T‘J,L-IE- =y — wfj —cx +6(Vi — JZ];) (2.26)
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Wages are determined exactly as in the discrimination model from Equation (2.13). Firms
in country k receive (1 — f) of the match surplus as in the discrimination model.
The consolidated markets in the non-discrimination case means that the relevant match-

ing probability and market tightness are indexed by firm location only:
Ge(0) = (1 + (0y)7%) 1/ % (2.27)

Equilibrium

Equilibrium in the non-discrimination model is determined as in the discrimination
model. Free-entry for firms again means that new vacancies are posted until the flow value
of an empty vacancy is zero.

Market tightness is defined for each country as:

Ufr
p = —— 2.28
r Upp + UpH ( )
Vg
0, — 2.29
m Upp +Upg + UgH ( )

Market tightness spillovers can now be seen explicitly in the overlap of the unemployment
pool that is relevant to each market. The home workers’ migration restriction is also reflected
here.

Equality of job creation and destruction at the country-level is given by:

0rq" (0p)(upr + upy) = 0np (2.30)

0uq” (0n)(urr + upg + ug) = ong (2.31)
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The number of migrants into each country must equal the number of migrants in to keep

population constant, but not necessarily equal, in equilibrium:

0rq" (0r)ury = 0uq” (Om)urr (2.32)

Populations in each country are the number of staying employed and unemployed, plus
the number who have moved and either remain employed, or who have lost employment and

are unemployed abroad. Initial populations are given by:

HHQH(QH)<UFF + Upp)
)
quH(QH)uHH

J

POF =Upp +Upg +Np + (233)

PHIUH+

o

(2.34)

Parameterization

Bounds on parameters for the non-discrimination characterization are not sensitive to
cases where the two countries are symmetric, but are sensitive to asymmetric labor markets.
Numerical bounds and equilibrium values were determined using a multiple complementarity
solver in GAMS. The bounds presented here are sufficient conditions that ensure reasonable
values for unemployment, vacancies and employment, given the values of the other parame-
ters.

Initial population, P,, in the country not allowed to migrate is bounded above: it cannot
be more than 5.7 times the size of the country that is allowed to migrate. Productivity,
y, and posting and maintenance costs, ¢, bounds are unchanged from the discrimination
characterization. Costs to firms for posting and maintaining a vacancy are bound below by
zero, and above by worker productivity less unemployment benefits, b, and costs to workers
to move, ¢, and be away from home, 7, when productivity is adjusted to be sufficiently large
to satisfy analytical bounds.

Costs to moving and being away from home as well as the job destruction rate are limited
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from zero to one. The discount rate must be below 0.6. Unemployment benefits must to
be below one, and above 0.5 or 0.75 in the symmetric and asymmetric cases. These bounds
provide a large range around calibration values used in |Albrecht and Vroman| (2002)) as well

as Beine et al.| (2013), Petrosky-Nadeau and Zhang (2013)), and others.

Numerical Exercises

Figures [2.11] and [2.12] show the impact from increasing move costs to workers. As it

becomes increasingly costly for foreign workers to move in either direction (to or from the
foreign country), market tightness and employment increase everywhere. Firms choose to
compensate all workers for the costs foreign migrants face by increasing the probability of
finding a job in both countries. Foreign workers are not equally distributed across countries
even when the move cost in one direction is low, but fewer workers move out of, and into, the
foreign country as those costs increase. Even in the case of symmetric costs, the two countries
have differing levels of unemployment, with the levels identical (not shown in the figure) when
the costs are zero and decreasing as the costs to leave the foreign country increase. The
relative differences between the levels across worker types and countries remains constant
for all values of the cost to leave. Wages for home workers, foreign workers who moved
prior to their most recent spell of unemployment, and foreign stayers increases slightly as
move costs increase, though migrants always have lower wages than stayers. New migrants
experience decreasing wages as move costs increase, and returning migrants see the largest
decrease as they move twice rather than once.

Increasing flow costs to workers living away from country of origin has a similar, if more
nuanced, effect as the move costs: Market tightness and employment increase in the home
country with little change in the foreign country due to the asymmetry of the cost faced
based on location. Figure shows this effect. Firms only compensate workers who are
away from home, rather than compensating those foreign natives who have stayed behind as

in the case of increasing costs to move. Changes in flow costs for the given parameterization
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Figure 2.11: Non-Discrimination Move Costs (Leaving)
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have very little impact on workers’ allocation across countries: the first and third panels of
Figure 2.13] indicates that flow costs are compensated by an increased probability of finding
a job in the home country. Foreign workers benefit disproportionately, though not uniquely,
in all three cost scenarios (Figures , and . Wages for foreign stayers and
home workers are unaffected by costs to living away from worker origin. New migrants face
decreasing wages as flow costs increase as do workers who moved prior to their most recent
spell of unemployment. Prior movers experience the largest decrease in wages.
Productivity differences are shown in Figure[2.14l As productivity in the foreign country
increases, market tightness in the foreign country increases while tightness decreases slightly
in the home country. Unemployment for foreign migrants decreases as productivity increases,
and migrants return home. Unemployment for stayers in both countries increases as the
foreign country becomes more productive since in the foreign country, there are more people

searching for jobs, and in the home country job matches are relatively less productive. As
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Figure 2.12: Non-Discrimination Move Costs (Returning)
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the foreign country becomes more productive, more foreign workers remain in the foreign
country. Further increases in foreign productivity beyond levels shown in the third panel of
Figure [2.14] eventually result in no migration to the home country. Home workers and foreign
workers who migrated before their most recent unemployment period see a small decrease
in wages when foreign productivity increases. Foreign stayers see the biggest increase in
wages with productivity, followed by returning migrants and newly leaving migrants. Newly
leaving migrants see only a small increase relative to the others.

Figure shows that increasing the job posting cost in the foreign country decreases
market tightness in the foreign country, and slightly increases tightness in the home country.
Posting cost increases increase unemployment for foreign migrants and decrease unemploy-
ment for home workers. Foreign stayers experience decreasing unemployment as costs in-
crease due to the exodus of foreign workers into the home market with larger match surplus

and higher probability of finding a job. When costs in the foreign country are about one
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Figure 2.13: Non-Discrimination Flow Costs
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and a half times those in the home country, no workers remain in the foreign country. Home
workers and migrants in the home country who moved before the most recent unemploy-
ment spell see a small increase in wages when posting costs increase in the foreign country.
Foreign stayers and new migrants experience a decrease in wages with foreign stayers seeing
the largest decline as costs increase, followed by newly returning migrants. Newly leaving
migrants see only a small decline relative to the others.

Changes in foreign unemployment benefits are shown in Figure 2.16] Increasing unem-
ployment benefits in the foreign country decreases market tightness in the home country.
Unemployment for all workers increases. Home workers experience the biggest increase in
unemployment while foreign movers the least. Employment decreases by about 2% in the
home country, and is stable in the foreign country. Fewer foreign workers migrate as benefits
becomes more generous. Wages for home workers and foreign workers who migrated before

their most recent unemployment period see a small decrease in wages as unemployment ben-
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Figure 2.14: Non-Discrimination Changing Productivity
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efits increase in the foreign country. Foreign stayers and new migrants experience an increase
in wages. Foreign stayers benefit the most followed by newly returning migrants and then
newly leaving migrants.

Bargaining power changes in the foreign country have no impact in either market in
terms of market tightness, unemployment, and population distributions, as shown in E]
Under different parameterizations, changes in bargaining power do have an impact that is
qualitatively similar to the effect shown in Figure under full discrimination. Wages
for some workers are impacted from the changes in bargaining power under the baseline
parameterization. All workers located in the home country see no change in wages from the
change in bargaining power in the foreign country, but all workers in the foreign country
see an increase in wages as their power increases. Foreign stayers see a smaller percentage

increase than newly returning migrants, but foreign stayers always have higher wages than

9This is due to the particular calibration with the home country. Different baseline parameterizations
can generate changes in market tightness, unemployment and migration from changes in bargaining power.
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Figure 2.15: Non-Discrimination Posting and Maintenance Costs Changing
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the returning migrants.

When foreign workers face costs to move to and from the home country, home workers
see wage increases whenever the population in the home country decreases. When migration
is due to changes in foreign productivity, vacancy costs or unemployment benefits, home
workers have higher wages when more foreign workers are in the home country. Separating
out migrants’ incentives to move between these two groups of effects can help explain whether
migration should be expected to increase or decrease natives’ and prior migrants’ wages. This

can provide a theoretical justification of the results in Ottaviano and Peri| (2012)).

2.2.3 Discrimination vs Non-Discrimination

Firms post more vacancies under discrimination as costs to move to the home coun-
try increase, and home workers see lower unemployment (Figures and 2.11)). As mi-

gration into the home country becomes costly, migrants have lower unemployment under
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Figure 2.16: Non-Discrimination Changing Unemployment Benefits
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non-discrimination; foreign stayers have lower unemployment under discrimination, but by
less than the foreign migrants and home workers benefit. Wages for foreign stayers, home
workers, and foreign migrants who migrated before their most recent unemployment period
are higher under discrimination by firms. New migrants are equally well-off in terms of wages
under either type of firm behavior.

The qualitative results for market tightness and unemployment are the same when work-
ers instead face an increasing cost to return home rather than to leave; shown in Figures[2.5
and [2.12] Quantitative differences are hidden by the imprecise scale on the figures. Move
costs seem to matter more in their existence rather than the direction of the move in which
workers face them. Wages for all workers are higher under non-discrimination by firms,
though the differences between firm behaviors are small.

In the case of flow costs shown in Figures and [2.13, market tightness under discrim-

ination is much higher than under non-discrimination. Increases in the flow costs migrants
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Figure 2.17: Non-Discrimination Changing Bargaining Power
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face increases tightness under both regimes in the home country, and in the foreign country
under discrimination but not under non-discrimination. Initial increases from zero flow costs
decrease unemployment, foreign workers always have lower unemployment than home work-
ers, particularly under non-discrimination. Home workers fare better under discrimination.
Wages for home workers and foreign migrants who migrated before their most recent un-
employment period are higher under non-discrimination by firms. Foreign stayers and new
migrants have higher wages when firms cannot discriminate.

When productivity in the foreign country increases (Figures and, firms post more
vacancies per unemployed worker in both countries when allowed to discriminate between
workers. This keeps unemployment lower for home workers and overall in the home country
lower than when firms are unable to discriminate. In this case, firms are able to respond
to the increase in productivity in the foreign country by increasing postings for workers

currently living there, and also to lure foreign migrants back home. The return migration of
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foreign workers alleviates some of the disadvantage now facing the home firms by making the
unemployment pool in the home country smaller. Workers there are indirectly compensated
for their lower productivity with increased probability of finding a job. Wages for new
migrants and foreign migrants who migrated before their most recent unemployment period
are higher under discrimination by firms. Foreign stayers have higher wages under non-
discrimination by firms. Home workers are better off with discrimination when the countries
are symmetric, but worse off with discrimination when the foreign country is more productive.

While the qualitative impacts of changes in posting costs in the foreign country are
the same across regimes (Figures and , there are many more vacancies in the
discrimination regime in the home country. Foreign stayers are again indifferent between
regimes in terms of unemployment, but home workers have lower unemployment under non-
discrimination and foreign migrants prefer discrimination. Wages for home workers are
higher when firms cannot discriminate. All foreign workers who have ever lived in the home
country receive higher wages when firms can discriminate. Foreign stayers receive higher
wages when firms can discriminate, and posting costs in the foreign country are low, but
higher wages when firms cannot discriminate and posting costs in the foreign country are
high.

Differences in unemployment benefits across countries are arbitraged away by migration
except for when the foreign country is exceptionally generous in the full discrimination model
as seen in Figure[2.9, When firms cannot discriminate, market tightness in the home country
decreases as the foreign country becomes more generous, seen in Figure [2.16] Firms at home
open fewer vacancies when the foreign country is more generous because the outside option
of foreign workers becomes so high that more vacancies are less effective in luring more
workers. In line with the literature, in the non-discrimination model, unemployment rises
with unemployment benefits, but the increase is across all workers, not just those able to
benefit from the increase. Under full discrimination, unemployment for workers in the home

country is constant until benefits in the foreign country are very high, and then increases
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for migrants only. Foreign stayers experience increased unemployment with the increase in
benefits. Home workers and migrants have lower unemployment under non-discrimination
whereas foreign stayers are indifferent between the two regimes. Home country job seekers are
rewarded with a higher probability of finding a job under discrimination. All workers except
for foreign stayers always receive higher wages when firms cannot discriminate. Foreign
stayers receive higher wages when benefits are low when firms discriminate, but higher wages
when benefits are high when firms cannot discriminate.

Under the baseline parameterization, changes in bargaining power have no impact on
most outcomes in the non-discrimination model (Figure 2.17). When firms are allowed to
discriminate (Figure , they choose to open more vacancies in the country where workers
take less of the share of the match surplus. Unemployment is higher with discrimination for
foreign workers and under non-discrimination for home workers, though few workers choose
to stay in the foreign country when facing worse bargaining power at home. Home workers
receive higher wages when firms cannot discriminate. Foreign stayers and new migrants into
the home country receive higher wages when firms discriminate. Newly returning migrants
receive higher wages when foreign bargaining power is low and firms discriminate, but higher
wages when foreign bargaining power is high when firms cannot discriminate. Migrants
who moved prior to their most recent unemployment spell receive higher wages when firms
discriminate when foreign bargaining power is high, but higher wages when firms cannot
discriminate and foreign bargaining power is low.

Home workers are expected to prefer the discrimination regime since firms are able to
separate out the migrants from the home workers in unemployment, and take advantage of
the differential opportunity costs faced by the different workers as well as the inability of home
workers to move. Typically, this separation generates higher wages and lower unemployment
for home workers. Under non-discrimination, firms cannot separate these effects from the
costs and the mobility restriction, and so make vacancies available based only on the number

of unemployed rather than taking into account their outside options explicitly as when they
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discriminate. The impact on wages is mixed, such that workers do not always prefer one firm

behavior over another. Their exact preference will depend on particular parameterizations.

2.2.4 Efficient Allocations

I examine how a benevolent planner would allocate workers across the two countries and
between employment status in order to compare it to the decentralized equilibrium without
discrimination. It is common in models of labor search and matching to evaluate welfare
and efficiency of the market outcome by comparing the workers’ bargaining power in the
market outcome to the elasticity of the matching function. As discussed in |Sargent| (2017)),
there are a number reasons this is not possible in this model. Particularly, with migration,
the free entry conditions for firms cannot be compared across the planner’s allocation and
the market allocation in equilibrium as is typically done. Instead, I look at the difference
between labor market outcomes and worker allocation between the non-discrimination and
planner’s problems. Comparing the two gives an estimate of how far away from a first-best
equilibrium the market allocation lies.

The planner seeks to maximize joint well-being of the firms and workers. The planner is
subject to the same matching frictions as the workers and firms, and faces the same costs to
posting jobs and movement of workers, where applicable. Equilibrium variables of interest
remain the same as in the market equilibrium.

The planner maximizes:

/ e "(yr — cr)npr + (yg — cu)(npp + npw) + bpupr + by (upr + upn)
0
—cpbp(upr + upn) — cubu(upp + upg + Upm)

—¢FH9HCIHUFF - ¢HF9F(IFUFH - TFH(UFH + nFH)] (2-35)

The first four terms are the net benefits of workers from a given allocation across space

and employment status. The next two terms are the costs of open vacancies to society. The
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final three terms are the costs to workers from moving from one location to another upon
matching with an open vacancy, and the costs to workers who are living abroad.

The planner remains subject to the laws of motion for unemployment:

Upp = Onp — Orqrurr (2-36)

Upg = Onpy — Orqrurgy — Ouquurn (2-37)
Uy = npy — Onquumn (2-38)

npr = 0pqr(upr + upg) — Onpp (2.39)
nrpa = 0pqu(upp + upg) — Onpg (2.40)
N = Ouquupgn — Onpy (2.41)

These six constraints represent the same evolution of employment and unemployment

as in the non-discrimination competitive equilibrium. The planner is also subject to the

equilibrium conditions ( [2.28)), (2.29), (2.30), (2.31)), (2.32), (??) and (2.34) as in the non-

discrimination case on population, market tightness definitions and migration which ensure
a stationary equilibrium.

Wages are determined exactly as in the competitive equilibrium models shown in Equa-
tion (2.13)), with firms and workers sharing the surplus of the match according to worker’s
bargaining productivity, 5 while firms in country k receive (1 — i) of the match surplus.

The planner is indifferent to the sharing rule between firms and workers.

Parameterization

The elasticity of the matching function, Z; may range from 0.3 to 10 in the case of
country symmetry, or from 0.3 to 3.8 in the case of asymmetry. The common discount rate,
r, and job destruction rate, §, may range from 0 to 0.33. P cannot be more than 60 times

PI in the case of asymmetry. In the case of asymmetry, yz can be no more than 20% larger
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than yg if the planner is to keep people in both countries.

When yp is sufficiently large, the benefits of the thicker market outweigh both the moving
costs and the flow costs to being away that keeps a population in both countries. When yp
is larger than vz, the difference in productivity cannot exceed yr being more than 188% the
productivity in the home country to form a non-degenerate equilibrium. Flow costs to living
away from one’s country of origin, 7;;, may range from 0 to 0.41. Move costs, ¢, may range

from 0 to 1.34 in the case of country symmetry, and 0 to 2.29 in the case of asymmetry.

Numerical Exercises

Figure [2.18| shows that increasing costs to foreign workers of an out migration from the
foreign country increases market tightness in the foreign country and unemployment in the
home country (first panel). Market tightness in the home country decreases as more workers
move in from the foreign country. Unemployment for foreign workers is relatively constant
as the planner keeps migrants’ unemployment low to compensate for the move cost. As move
costs increase for foreign workers leaving the foreign country, the planner allocates around
2% more workers to the foreign country when move costs are high compared to when they

are low. Even the planner has a muted response to moving costs to workers.

Figure 2.18: Planner Move Costs (Leaving)
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When the cost of return migration for foreign workers increases, shown in Figure [2.19]
market tightness and employment in the foreign country decrease. Market tightness in the

home country increases slightly as it is costly for existing migrants to return, and firms do not
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increase openings in the home country to compensate for the influx of workers. The planner
chooses to keep fewer workers in the foreign country, preferring to allocate all workers in the

home country when costs to return to the foreign country are high.

Figure 2.19: Planner Move Costs (Returning)
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Flow costs have a much larger impact on the planner’s allocations than move costs, shown
in Figure [2.20] Increasing flow costs to foreign migrants first increases market tightness and
then decreases it as it becomes prohibitively costly for foreign workers to live away from home.
Home tightness decreases as the planner decreases vacancies more than proportionately with
the movement of foreign workers out of the home country. Unemployment in the home
country increases as it becomes increasingly unattractive to foreign workers and the planner
partially compensates the foreign migrants at the expense of home workers. When costs
are low, the planner moves just under half of foreign workers to the home country, but as
costs to be away from home increase, the planner keeps more foreign workers in the foreign

country, eventually choosing to keep all workers from migrating.

Figure 2.20: Planner Flow Costs
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Qualitative impacts from changes in foreign productivity mimic those from changes in flow
costs, and are shown in Figure Increasing foreign country match productivity leads the
planner to increase the supply of vacancies in the foreign country while keeping some foreign
workers unemployed even as productivity is twice the level in the home country. The home
country experiences a decrease in market tightness and a large increase in unemployment
as matches there are increasingly unproductive. The planner keeps more foreign workers
in the foreign country as productivity there increases, but for the ranges shown, foreign
productivity is never high enough to prompt the planner to evenly allocate workers across

the two countries.

Figure 2.21: Planner Changing Productivity

0 ©
& >

Figure [2.22 shows the planner’s reaction to changing foreign firms’ costs to posting and
maintaining a vacancy. Making job posting and maintenance more costly in the foreign
country decreases tightness in the foreign country and unemployment for both home and
foreign natives. Market tightness in the home country and unemployment for foreign mi-
grants and in the foreign country increases. Increases in job posting and maintenance costs
make the foreign market very unattractive to the planner for postings. Once costs exceed
about a third of production value, the planner ceases to keep any foreign workers in the
foreign country.

As shown in Figure [2.23] more generous unemployment benefits in the foreign country
decrease market tightness everywhere as employment decreases due to its decreased value

relative to unemployment. The home country sees a larger fall in tightness than the foreign
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Figure 2.22: Planner Posting and Maintenance Costs Changing
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country. More generous foreign benefits induces the planner to keep slightly more foreign

workers in the foreign country, but generous unemployment benefits are not sufficient to keep

workers from migrating.
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Figure 2.23: Planner Changing Unemployment Benefits
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Changes in bargaining power have no impact on the planner’s allocation as shown in

Figure [2.24] This is to be expected as the planner is not concerned with the way in which

the surplus from matching is shared between the workers and the firms. The planner is only

concerned with making the surplus as large as possible, given the constraints and frictions

he faces.

Unlike the competitive equilibrium, home workers do not systematically lose out to their

mobile competitors. The planner sometimes alleviates some of the disadvantage they face

from lack of mobility.
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Figure 2.24: Planner Changing Bargaining Power
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2.2.5 Planner vs Non-Discrimination

When out migration costs for foreign workers increase, the planner keeps market tightness
in both countries and overall unemployment lower than the market allocation (See Figures
2.11) and . Home workers have a higher unemployment rate, and more people overall
live in the home country than in the market equilibrium. This contrasts with the scenario
of increasing return migration costs in which the planner moves many workers out of the
foreign country and keeps them there with little probability of returning, so there are fewer
jobs in the foreign country.

When workers experience flow costs to being away from the foreign country, the planner
maintains fewer open vacancies in both countries than the market as shown in Figures
and [2.20 Unemployment for foreign stayers and home workers is higher, and overall
home country unemployment is higher than the market allocation. The increase in costs to
migrants increases unemployment overall under the planner, and the planner distinguishes
less between the type of costs workers face than the competitive equilibrium does.

Changes in foreign productivity display qualitatively similar impacts under non-discrimination
(Figure and with the planner (Figure . When the foreign country is more produc-
tive, the planner again maintains fewer open vacancies and higher unemployment, especially
for all workers in the home (less productive) country.

When posting and maintenance costs in the foreign country are increasing (Figures

and [2.22)), the planner maintains a slightly lower market tightness there while keeping tight-
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ness in the home country similar to the market allocation. The planner also keeps unem-
ployment lower everywhere than the market.

The planner (Figure maintains fewer open vacancies and unemployment in both
countries than the market (Figure when unemployment benefits increase in the foreign
country. This prevents too many costly and unproductive open vacancies and as many
workers matched as possible. Some of the externality from migration is off-set by the planner
in comparison to the market.

Despite the lack of impact from changes in bargaining power on either the non-discrimination
market outcome (Figure or the planner’s allocation (Figure , both generate very
different equilibrium allocations. The planner maintains more open vacancies in the foreign
country, and fewer open vacancies in the home country than the market outcome. Home
workers thus face lower unemployment under the planner since all workers are located in the
home country under the competitive equilibrium whereas the planner keeps some workers
in the foreign country, definitionally making foreign unemployment higher under the plan-
ner. Workers are also more unequally distributed under the market outcome than under the
planner.

Under the planner, home workers generally suffer more from the changes in relative values
of parameters, and are seldom compensated for costs unlike the foreign workers. Home
workers still bear the costs of their migration restriction without the planner compensating
them in the same way the foreign workers experience. Since the cost of the migration
restriction is not explicitly faced by the market or the planner, this aspect is eliminated from
consideration. Without directly accounting for this cost, search models miss a major welfare

consideration for those workers in equilibrium.
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2.3 Approximating the Data

Calibrating the model to representative values of parameters allows assessment of the
performance of the model in predicting the data. For identical parameterizations, we can
also see how differently each model allocates workers and jobs between the two asymmetric
countries, and how equilibrium variables differ from the data.

Parameters were chosen to reflect the group average of the most common sending and
receiving countries indicated by the Eurobarometer Special Labor Mobility Survey (2009)
and the Geographic Mobility of the EU Special Report for the Commission (Bonin et al.
(2008)) [

The top sending countries for within EU migration, foreign country in the model, are
Cyprus, Malta, Romania, Bulgaria and Slovakia. These countries have the highest rate of
out migrants per population. Parameters for these countries are taken as the simple average
of individual country values to create an estimate for the group as the foreign country, or
region. The top receiving countries are Germany, the United Kingdom, Spain, Austria, Italy
and the Netherlands. Parameter values for these countries are also averaged to give an
estimate for the group as the home country, or region. Data for all parameters are taken
as the most recent available value as reported from the OECD, Eurostat, Eurobarometer,
Campolmi and Faia (2011)), and Nickell and Nunziatal (2000). The home country value is
normalized to ease comparisons across the two groups where appropriate.

Productivity is the normalized real labor production per hour worked from the Eurostat
database, 2013. The foreign value is set to approximately one third the value of that in the
home country based on group averages. Unemployment benefits are taken from |Campolmi
and Faia (2011, and Nickell and Nunziata (2000). Vacancy costs are assigned the baseline
value of the parameterizations above in line with |[Albrecht and Vroman| (2002)). Workers
bargaining power is taken as the labor cost as a proportion of total costs of production from

Eurostat.

10 Additional details on parameter computation can be found in [Sargent| (2017).
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Table 2.2: Approximation of Data Parameterization

Parameter | Value H, F
y 2,0.7
b 0.5
C 0.2
o) 0.75, 0.82

Oru 0.3

OHF 0.2
T 0.9
7 1.25
r 0.05
) 0.15
P 1,0.14

Wages are taken as the group average of median annual earnings of full-time workers
divided by GDP per capita in 2014 from Eurostat. This gives the normalized home country
wage of 1.255, and the normalized foreign country wage of 1.041. Wage information is only
available at the country level, not by immigration status from Eurostat, so within-country
variation for wages is unknown. The home country group wage is more uniform within group
than the foreign country group wage. Cyprus and Malta have similar normalized wages to
the home country group than to the remaining foreign country group countries.

The matching elasticity is set to match Petrosky-Nadeau and Zhang (2013). Populations
are taken as the group average in 2015 from Eurostat of each region with the home country
normalized to 1. The discount rate and job destruction rate are set to match the parame-
terizations in line with the literature. Move costs and flow costs are chosen to target group
average unemployment rates. The full parameterization is shown in Table

Table 2.3 shows the results from the calibration from each of the three characterizations
explored above. Move costs under the parameterization which more closely matches the data
have very little impact on migrant flows. This is consistent with survey results from the
Eurobarometer as well as anecdotal evidence from Mexican migrants into the United States.

One time move costs to migrants, even when very large, act as an ineffectual deterrent.
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Table 2.3: Approximation of Equilibrium Values

Model QF QH Ur ug
FD 10.715 | 0.278 1 0.254
ND 0.503 | 2.352 | 0.111 | 0.156
PP 1.662 | 1.917 | 0.088 | 0.162

Data | 0.0607 | 0.181 | 0.0882 | 0.0906

Flow costs play a larger role in allocations of workers across the two countries. In order
to generate unemployment rates close to those observed, workers in this framework must
face large flow costs to living away from home. This is in line with reports of being away
from one’s home and family playing the largest role in deterring labor migration in the EU.
If the EU is to fully integrate labor markets, the best policy arena to spur movement would
be to lower the perceived costs of being away from home. Changes in unemployment benefit
policies and worker’s bargaining power are likely to have less of an effect as further changes
to these national level policies must be relatively small compared to past changes.

All three models generate more vacancies per unemployed worker than is observed. The
full discrimination regime never employs any workers in the foreign country, though not all
workers leave. Full discrimination also generates significantly fewer jobs in the home country.
The planner allocates the same proportion of unemployed workers in the foreign country, but
too many workers are unemployed in the home country. Perhaps unemployment is too low
in the EU given the labor market frictions and estimated costs faced by firms and workers.
The non-discrimination regime gets fairly close to the observed outcomes for unemployment.
Qualitatively, relative unemployment levels between the two countries is closer than under
full discrimination or the planner.

Wages for workers in the home country are always higher than in the foreign country.
This is expected given the difference in productivity across countries. Even when they face
high costs, migrants receive a significantly higher wage when leaving the foreign country

than if they remain. However, returning migrants are not compensated for the move and
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flow costs they face by moving back and forth: wages for foreign workers who always stay
in the foreign country are higher. In comparison to the data, the model predicted wages for
the foreign country are too low while home country wages are too high. Compared to the
model without costs in Sargent| (2017)), the model with costs is farther from the data in the
foreign country, but closer for the home country. The model makes the sending countries
seem worse than they truly are, but makes the receiving countries seem better.

The search model with migration presented here improves upon existing work that tries
to explain why workers may or may not choose to migrate abroad, and generates different
unemployment rates across markets in equilibrium. While the restrictions imposed on the
workers in the home country prevent fully matching with data, it is a first step to using
search labor market frictions to improve our understanding of labor market variation within
otherwise very similar groups of countries. Compared to Sargent| (2017)), the model with
costs to workers predicts higher market tightness in both countries from non-discrimination
and similar market tightness in the home country under the planner. Importantly, all un-
employment rates from the model with costs predicts unemployment values much closer to

those in the data.

2.4 Conclusion

While the use of single market analysis in search models has performed moderately well in
individual country studies, it fails to explain key aspects of life in an increasingly international
labor market. I show that equilibrium migration is an important aspect of search with labor
mobility that is currently missing from analyses which can be used to illustrate observed
trends. Even in the limiting case of one country migration with symmetric countries, the
model generates variation in unemployment rates across the two countries. When data-based
asymmetries are introduced, model predictions more closely match behavior, and illuminate

potential margins of parameters on the migration decision and show the effects of different
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types of costs faced by workers. Move costs are relatively unimportant in determining a
workers’ decision to migrate; flow costs to being away play a much larger role. The focus on
move costs in existing literature masks this nuance, and skews the appropriate policy focus.
As seen in the non-discrimination section, parsing the specific reason for a move would aid in
predictions of wage effects on natives, prior migrants, and new migrants. This can also help
in determining impacts on those left behind. Some migration may have a net-zero welfare
impact from the perspective of wages, while other migration flow may be pareto-improving.
Accounting for changes in the sending country as in the model here explicitly allows for that
comparison.

Given the workers’ lack of incentives to internalize his own impact on the labor market,
without policy intervention it is unlikely that the market and planner’s equilibria will coin-
cide. Not only do we see the impact of search externalities on the labor market allocations,
but there is also an important role played by costly moves and costs to being away from
home as noted in the Eurobarometer survey from 2009.

The numerical experiments show that labor market structures such as flow costs and
unemployment benefits play a large role in the potential migrants’ decision whereas the costs
associated with the move play a relatively minor role in comparison based on the impact
on unemployment rates in sending and receiving countries. Additionally, I have shown how
the competitive equilibrium departs from the efficient allocation in the presence of costly
migration and search externalities.

The theoretical model in this paper provides a framework for examining the margins upon
which workers rely to generate a migration decision. Tracking workers allows for a deeper
understanding of those characteristics of labor markets which may have a large impact on
the decision to move. Firms react to productivity and posting costs as expected even in
the limiting case of one country migration for homogeneous workers["T| Currently popular

modifications of the DMP search framework such as heterogeneous workers may not be

1 See Nickell (2006) for a detailed analysis of important determinants of labor market equilibria.
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necessary to generate the observed data implying that firms see immigrant and native workers
much more like substitutes than popular opinion might seem to indicate, and skill mismatch
or stratification plays a relatively smaller role in determining equilibrium unemployment

rate.
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Chapter 3

International Migration:

Unemployment Differences and Costs

to Move

3.1 Introduction

When making the decision to move to another country for work, people take into con-
sideration the likelihood of obtaining work, the value of that work (often relative to work
at home), and the costs they face when moving and living away from home. There is much
research on the labor market outcomes of workers after they have moved, the effects of that
move on the native population, and the fiscal cost to government from migrants. What is
not well-documented is the effect that different costs to workers has on the migration deci-
sion and the labor market outcomes that follow. This is an important omission given the
dominance of these costs in surveys of migrants and potential migrants (Bonin et al.| (2008))).
Respondents cited the difficulty in living away from friends and family as well as the cost to
secure housing and physically move. Existing work aggregates the fixed and marginal costs

together which distorts analysis of the different ways costs enter into a (potential) migrant’s

90



decision-making process.

In order to more fully understand the effects of costs to workers, I build a two country
search and matching model with costs of migration for workers. I focus on fixed move costs
as well as a flow cost faced anytime a worker is away from his/her country of origin. In
the model the two countries may differ according to characteristics such as productivity,
unemployment benefit generosity, union power, cost to open and maintain a vacancy, and
the efficiency of the labor market in matching unemployed workers with open vacancies.
This captures the most frequently cited factors in determining labor market conditions in
empirical literature (Nickell (1997, |2006)). Workers from either country may choose to search
for work domestically or abroad, and face costs to move and be away from home when they
become employed abroad. They face an additional cost to return home if they subsequently
match back in the country of origin.

Migration and unemployment rates vary greatly over time and space. Take for example
the different cases of the European Union (EU) and the US and Canada. Citizens of the
EU have been steadily increasing the rate at which they cross a national border for work,
yet there are persistent differences in unemployment rates across member countries. This
increase in migration rates has lowered the within-year variation in unemployment rates
across countries somewhat, but large differences remain. On the other hand, migration
across the US-Canada border has remained relatively consistent but low over the last 20
years, and unemployment rates do not display any particular pattern of becoming more or
less similar over timel[T]

Since the characteristics of the labor markets between EU countries and the US and
Canada differ along separate characteristics, they can be used to illuminate the importance
of costs in a worker’s migration decision, and the labor market condition effects of that
migration. I use this to explore the role of costs to workers in choosing to migrate, and ask:

What must the structure of costs to workers be to generate the observed amount of migration

1See Table and Figures and
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Table 3.1: Average Within Year Variation Unemployment Over Time

Geographic Area | 1983-2015 | 1983-1995 | 1995-2008 | 2008-2015
US-Canada 3.661 5.528 3.814 0.767
EU 21.091 23.741 16.706 22.858
W/in US 2.282 3.137 1.176 2.653
W/in Canada 9.732 11.848 10.384 5.407
Schengen 17.578 16.209 15.082 23.186

Source: FRED, Eurostat, OECD, and Statistics Canada; Values are Average Within-Year
Variation of Unemployment Rates for the Given Geographic Spaces and Time Spans.

Figure 3.1: Intra-EU Cross-Border Labor Migration
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in the developed world, and can they account for the observed differences in unemployment
rates?

First, I look at the EU, and approximate the unemployment and migration rate data by
adjusting the costs to workers after parameterizing labor market characteristics in line with
data and related literature. Next, I do the same for the case of the US and Canada. Both
exercises show the capability of the model to generate realistic differences in unemployment
and migration, even when countries are quite similar in productivity, social welfare generosity;,

and worker’s bargaining power. The model tends to over-predict migration rates in both case
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Figure 3.2: US-Canada Cross-Border Labor Migration
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studies, and implies that costs to workers moving between EU countries are higher than costs
for workers moving between the US and Canada. This second result is in contrast with the
higher observed migration in the EU, and highlights important general equilibrium effects

and the need for better understanding the migration decision.

3.2 Related Literature

This paper bridges a gap between theoretical search and matching and (largely) empirical
microeconomic literature on the welfare and wage effects of immigration.

I build upon the standard DMP search framework by adding in costly, two-way migration.
This makes it close to some search and matching internal migration papers like Kawata et al.
(2014)), |Chassamboulli and Palivos (2014), Zenou (2009), and Schmutz and Sidibé (2015)).
These focus on cross-regional moves and urban-rural commuting, but don’t capture the
significant labor market differences across national borders we observe. The model here is

also similar to Ortega (2000) and [Lkhagvasuren (2012)) in terms of allowing unrestricted
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migration for workers, but doesn’t rely on symmetry conditions for solutions, and again, is
able to capture differences in labor market characteristics which are absent in other work.

The model is additionally capable of analyzing wage impacts from migration, which are
not discussed in the present form [

One restriction in the model is that the solution relies on perfect substitutability of

foreign and native workers; |Grossman| (1982)) finds empirically that this is not an egregious

assumption. Some studies find that costly migration can result in skill-level selection of
workers, though the type of selection which dominates is unclearﬂ This skill-based selection
of workers happens both through worker self-selection and through institutional and legalistic
barriers, and so require careful theoretical considerations before including such a mechanism
in a model like the one in this paper.

There is general agreement that existing migration rates, both internally and interna-

tionally, are sub-optimal and an increase in migration would result in net welfare increases

globally (Kennan and Walker| (2011), Moses and Letnes| (2004))),Borjas| (2001), Sjaastad

(1962)), and Klein et al.| (2007), but the welfare loss estimated varies in magnitude.

Analyses of the costs and benefits of migration explore a range of outcomes. Most closely

relating to the costs explored in this paper are |Lazear| (1999), Docquier et al.| (2015)), Barrett|

and Mosca/ (2013)), Borjas| (2001)), and Bartolucci et al. (2014). Each attempts to incorporate

monetary and non-monetary costs into the migration decision, though most do not separate
between fixed and marginal costs. I show below how this matters in allocating workers across
space, and in determining equilibrium unemployment rates.

The model below outlines both the workers’” and firms’ decision making, and defines
a stationary equilibrium before moving to a test of the model’s ability to replicate the

unemployment and migration rates presented in the introduction.

2See |Card| (1990)), Borjas| (1985)), Borjas (1994), Gerfin et al.| (2010), |Ottaviano and Peri (2012), |Cadena)
land Kovak! (2016), and |[Kennan| (2016)) for details.
#See |Chiquiar and Hanson| (2005) and Belot and Hatton| (2012) for examples.
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3.3 Model

The model is in continuous time, and agents and firms have the same time discount
factor, r. A match is when an unemployed worker and firm meet, and an empty vacancy
becomes filled. Once a match is formed, production with value, y, takes place. The value of
production depends only on the location of the match. Any given match has a probability,
0, of dissolving. If a match is dissolved, the worker becomes unemployed in that country,
and the vacancy becomes open. Matches are one firm, one worker.

Workers can be either employed or unemployed, and search only when unemployed.
Workers may only migrate upon matching with a firm in the country other than the one in
which they are unemployed. Unemployed workers choose to search in either country based on
the expected value of matching in that country, taking into account the wage, costs to moving
and living there, and, importantly, the probability of matching. When unemployed, workers
receive unemployment benefits, b, depending on the location of unemployment. Employed
workers receive wage, w, which is the result of Nash bargaining over the joint firm-worker
surplus of a match. Workers receive a share, 3, of the match surplus depending on where the
match is formed. Workers from either country can move back and forth between countries as
many times as desired. There are no formal restrictions to moving across borders. Workers
do face costs to undertaking a move (a one-time fixed cost, ¢) that is direction- and worker
origin-specific, as well as a flow cost to living away from home (a marginal cost faced each
period as long as the worker lives out of his country of origin, 7) that is worker origin-specific.

There are 8 types of worker in the model based on their origin country, current country,
and next employment country. Table shows these types.

Firms post vacancies until the flow value of posting an additional vacancy is at or below
zero. A vacancy, regardless of status, costs the firm, ¢, which depends on the location of the
match, but not on the nationality of the worker. This covers hiring and firing costs as well
as training and recruitment costs. When matched, firms receive 1 — 3 of the match surplus.

Matching occurs randomly between unemployed workers, u, and open vacancies from
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Table 3.2: Worker Categorizations

Most Most Migrating

Category Nationality Recent Recent Next for

Unemployment | Employment | Employment | Employment?
Foreign Stayer F F F F No
Prior Foreign Migrant F H H H No
Foreign Returning Migrant F H H F Yes
New Foreign Migrant F F F H Yes
Home Stayer H H H H No
Prior Home Migrant H F F F No
Home Returning Migrant H F F H Yes
New Home Migrant H H H F Yes

firms, v. The matching function is CRS to match with literature for the US and Western
Europe, and can be characterized by the ratio of unfilled vacancies to unemployed workers.
This ratio is known as market tightness, § = v/u. Market tightness is commonly used in

search and matching to pin down equilibrium values of unemployment, vacancies, and wages.

uv

M(u,v) = —(uZ AN

(3.1)

The particular matching function employed here is from den Haan et al.|(1997), and has
been shown to match data from the US in Petrosky-Nadeau and Zhang| (2013)). One feature
of this particular matching function is that it automatically generates matching probabilities
in [0,1].

Matching probabilities for workers and firms are not necessarily symmetric since there
is no requirement on a static number of firms. The probability that a worker meets with a
vacancy is given by:

M(u,v) _ Fr(Br) = (1 + 6, 7)1/ % (3.2)
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The probability that a vacancy meets a worker is given by:

M (u,v)

28— () = (14677 (33)

3.3.1 Workers

When a worker is unemployed, s/he receives unemployment benefit, pays a cost to living
away from home (if applicable), and chooses to search based on the relative value and
probability of matching in each location. The flow value of unemployment to the worker is

given by:

rUs; = bj — 7y + Tax{fk(ek)(Nﬁ — Ul — o)} (3.4)

Where 7;; = 0 when ¢ = j and ¢;; = 0 when j = k.

When a worker is employed, s/he receives a wage based on the negotiated value of the
surplus from the match with the firm less the cost to living away from home (if applicable).
The flow value of the match to the worker which takes into account the probability of match
destruction is given by:

ij iy

Again, 7;; = 0 when 7 = j.
When making search and migration decisions, workers take the market tightness as given,
and do not take into account their impact on the market. This leads to potentially counter-

intuitive general equilibrium effects.

3.3.2 Firms

When firms have posted a vacancy, but have not yet met with a worker, they pay a

maintenance and posting cost, and face a weighted probability of matching with one of the
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four types of unemployed worker. Each worker match has a different value to the firm due to
differences in unemployment benefits and costs to those workers. The flow value of posting

a vacancy to the firm is given by:

Jr(O)
(wii + wij + wji + uj;)

Ve =—c+ [wia (T3 = Vi) i (T3 = Vie) o (T = Vi) + g (T = Vi)

(3.6)

Once the firm has matched with a worker, production occurs, and the firm pays the

posting and maintenance cost and the worker the bargained wage. The flow value of a match
to the firm also takes into account the probability that the match may one day dissolve:

'r’Ji’j- =y — wfj —cp+ (Vg — Jf;) (3.7)

When making the decision to post vacancies, firms are also basing decisions taking the

existing market tightness as given.

3.3.3 Equilibrium

An equilibrium consists of flow values to firms and workers, market tightnesses, wages,
unemployment, employment, population (initial and final), and open vacancies.

Market tightness is defined for each country as:

Op = or (3.8)
Upp +UFg + UgF + UgH
Oy = i (3.9)

Upp +UFg + UHF + UgH
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Job creation and destruction in each country much be equal to ensure constant unem-

ployment rates:

fF(eF)(UFF + urg + ugr + UHH) = (S(HF) (3.10)

Ju(Ou)(upr +upy + upr + ugn) = 0(ny) (3.11)

Net migration must be zero, so that each migrant leaving a country is replaced by another

coming in:

fr(0r)(urg +upn) = fa(On)(urr + unr) (3.12)

This ensures that the total population in each country is constant, but does not require
that they are equal in equilibrium.

Populations in each country are the number of staying employed and unemployed, plus
the number who have moved and either remain employed, or who have lost employment and
are unemployed abroad.

Initial populations are given by:

PF =wupp +upg + fr(0r)(urr + urg)/d + fu(Ou)(upr + urw)/6 (3.13)

PP =upy +upr + fuOn)(ugr +upp) /S + fr0p) (upr + umw)/d (3.14)

Final populations are given by:

P = upp + upp +np (3.15)

P" = upy + upr +ny (3.16)
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Worker’s indifference between searching in either country and population accounting

completes the equilibrium conditions required to solve for the stationary equilibrium.

3.4 Parameterization and Numerical Exercises

Since the model does not have an analytical solution, I next perform a series of numerical
exercises with the model parameterized to coincide with the conditions described in the
introduction. A sensitivity check of the model for parameter bounds shows that existence of
a solution does not depend on any parameters taking values that are unrealistic or limited
within a narrow bound [}

The matching elasticity, Z, in must be larger than 0.1. The time discount, r, must be
larger than 0, but smaller than 0.5. The job destruction probability, 6, must be larger than
0. The initial populations must be positive. The productivity, y, must be larger than the
sum of the posting and maintenance costs, ¢, and the unemployment benefits, b, in the same
country (yx > ¢, + br). The posting and maintenance costs, ¢, unemployment benefits, b,
and worker’s bargaining power, 3, must all lie between 0 and 1. The flow costs to workers,
7, and the move costs to workers, ¢, have no bounds. Positive values for the costs reflect a
negative welfare to the worker while a negative value reflects a positive welfare impact- this
may come in the form of a love of adventure where living abroad yields a positive effect on
worker’s flow value through the flow cost. A negative value for the move cost could be due

to a subsidy from the government to encourage more movement by workers.

3.4.1 Numerical Exercises

For the numerical exercises, I show the equilibrium solutions for market tightness, un-
employment rates, populations, and migration rate under two separate characterizations of

the model. The first considers the case of the EU. The second shows the model predictions

4All parameter bounds and numerical exercises use a multiple complementarity solver in GAMS.
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for the US and Canada. Continuing with the notation above, for the EU proxy “Home” and
“Foreign” were assigned as groupings of member states along the most common destination
and origin countries in the EU. Productivity is the main difference across these groups. For
the US-Canada proxy, the US is taken as “Home”.

Tables [3.3] and show the parameterization for both the EU and US-Canada exercises.
The parameters are chosen to reflect productivity differentials, ease of doing business, un-
employment benefit generosity, and the presence of unions in the two groups. The costs are
chosen to target differences in unemployment rates and migration rates. The parameteriza-
tion shown here is one of multiple potential characterizations that was chosen to approximate
the data. The exact parameters are not critical for the results, but parameters should be

close to those used Pl

Table 3.3: Parameters
yr |yw | bp | by | cr | cu | PR | Py | Br | Bu Z r )
Europe proxy 1.65 1 0.45 | 0.55 | 0.25 0.2 1 1 0.85 0.8 1.25 | 0.05 | 0.15
US-Canada proxy 1 1 0.5 | 0.65 | 0.2 | 0.25 1 0.1 0.7 | 0.85 | 1.25 | 0.05 | 0.15

Table 3.4: Parameters Cont.

¢EF ¢1€H ¢IF§F CbZH TI{“{ 7'11;
Furope proxy 0.429 | 0.449 | 0.459 | 0.439 | 1.47 | 1.38

US-Canada proxy | 0.007 | 0.006 | 0.006 | 0.007 | 0.01 | 0.01

Table shows the outcome from the exercises. In general, the model performs well
in targeting differences in unemployment rates, but over-predicts migration for the given
parameterizationﬂ

For the EU proxy, the move costs (both to leave and return) are slightly higher for the

“Home” country, and it is marginally less costly to leave the origin country than to return.

®Various other parameterizations yield qualitatively similar results for values near those shown in the
table.

61f the two groups are parameterized differently in terms of the values in Table the migration rate
can be forced closer to the rates shown in Figures [3.I] and ??, but less-closely matches the data for those
values.
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Table 3.5: Outcomes

O O up | uy | PL | Pl | Migration Rate
Europe proxy 58.792 | 66.044 | 0.042 | 0.100 | 1.001 | 0.999 0.07
US-Canada proxy | 11.486 | 0.719 | 0.072 | 0.135 | 1.304 | 0.696 0.091

Flow costs are higher for the Foreign country than for the Home country. This choice of values
for costs targets the unemployment and migration rates shown in Table [3.1| and Figure [3.1}
Overall, market tightness is very high. Generally, this indicates that firms would like to hire
many more employees than that are able to. Home market tightness is higher than Foreign
market tightness. Part of the reason for the higher market tightness in the Home country
is that unemployment benefits are higher there. Higher unemployment benefits means that
workers require a larger incentive to leave unemployment. The difference in unemployment
rates between the two countries closely approximates the data. This is unsurprising given
that unemployment rates were targeted in choosing parameter values. The unemployment
rate is lower in the Foreign country, and can be attributed to the higher productivity in that
country. The final population allocations are close to equality. The population in the Foreign
country is slightly higher because the greater productivity increases the value of living there
for all workers. The rate of migration between the two countries is approximately three
percentage points higher than shown in the datal

For the US-Canada proxy, move and flow costs are symmetric for workers from both
countries, but it is less costly for workers to return to their country of origin. Flow costs
are also much larger than move costs. This choice of values for costs again targets the
unemployment and migration rates shown in Table [3.1] and Figure 3.2 As in the case of
the EU proxy, market tightness is high in the US, but low in Canada. Unemployment rates,
and the difference in the unemployment rates matches the data. Again, this is unsurprising
since these values were targeted. The final population allocation shows more Americans in

Canada than in the data. This partially explains the migration rate being higher in the

"This could potentially indicate that there is something mitigating migration that is not included in the
model at present.
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model’s prediction than in the data. Migration rates in the model are much higher than the
data which I attribute to the fact that the costs here do not include the work visa requirement
in effect for Americans in Canada and Canadians in the US. [l

Information on the results from changing one cost parameter at a time, and from changing
all three (leave, return, and flow) together are shown for the baseline parameterizations for
the EU and US-Canada cases in the appendix. These figures show the movement of the
equilibrium outcomes as the parameters increase from zero.

In the EU proxy, costs to leave and return have identical effects. Increasing either move
cost has little effect on market tightness, but increases Foreign unemployment and decreases
home unemployment and the migration rate. Increasing flow costs increases market tight-
nesses after a threshold is reached. Unemployment in the Home country decreases while
unemployment in the Foreign country decreases until the same threshold, after which un-
employment rates cease changing. Migration decreases until the threshold value, and then
stays the same. When all three costs increase simultaneously, market tightness increases
after a lower threshold value is reached while Home unemployment decreases and Foreign
unemployment increases until reaching that same threshold. The migration rate decreases
until the threshold cost value and then stays the same.

In the US-Canada proxy, leave and return move costs have slightly differing effects on the
equilibrium. Increasing the cost to leave increases market tightness and decreases unemploy-
ment and the migration rate. Increasing the cost to return increases market tightness in the
Foreign country, but has no effect on the market tightness in the Home country. Unemploy-
ment in the Home country and migration decreases and then increases while unemployment
in the Foreign country stays constant and then decreases. Increasing the flow costs to living
away from home increases all market tightness, but has a larger effect in the Foreign country.

Unemployment in the Home country decreases and then levels-off. Unemployment in the

8The costs of obtaining a visa could potentially be included in the model, but given the timing in the
world it does not clearly translate into the model’s timing, and could require further richness in the model.
Inclusion of the visa requirement as an increase in the cost to leave one’s country of origin is possible, but
this moves the predicted unemployment and migration rates away from observed values.
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Foreign country increases, and the migration rate decreases. When all three costs are in-
creased together, market tightness increases, unemployment in the Home country decreases,
unemployment in the Foreign country stays constant, and the migration rate decreases.

Overall, the model implies that move costs are small relative to flow costs. This is con-
sistent with self-reported attitudes about their relative importance in making the migration
decision in the EU survey (Bonin et al.| (2008)), as well as with intuition. The results shown
here also suggest that in the long-run costs are much lower for US-Canada migrants than
for the EU, but that another factor not captured in the framework here has a non-negligible
effect on migration rates separate from the determination of unemployment for current data
to reflect an equilibrium.

If the model is taken as the true long-run equilibrium for the two groupings, we should
expect that migration rates will increase beyond those seen today in both cases (again
assuming that we are not already in equilibrium). We should also expect to see many more
Americans moving to Canada than are observed in the data to balance out the net flows,
and final populations predicted in the modelﬂ Additionally, unless visa restrictions between
the US and Canada are relaxed, we may continue to observe lower migration than the model

predicts. For the EU, workers will continue to move across borders at an increasing rate.

3.5 Conclusion

The importance of immigration in influencing labor market outcomes has been increasing
steadily in the last few decades. While empirical studies are important to understand the
particular cases and drivers, a theoretical model upon which to assess those empirical studies
has been lacking. In this paper, I have briefly outlined the basic framework upon which I
believe future work should build.

The model in this paper incorporates frictional labor markets and cross-border migration

decisions to more fully understand the forces which lead workers to migrate, and how that

9 Almost twice as many Canadians move to the US than vice versa each year.
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migration decision might impact unemployment for natives and migrants in both sending
and receiving countries. Though I have not discussed it here, wage dispersion effects from
migration are also fully incorporated into the general equilibrium model. This allows us
to understand the kind of wage shock workers might face under a world of fully free labor
migration.

Additionally, this paper should not be seen as an explanation for the current rates of mi-
gration and unemployment seen in the world. This model explores the long-run equilibrium
that is expected if country-level characteristics persist while workers continue to move back
and forth across borders. It is unlikely that the current state of migration in the developed
world is at an equilibrium.

I have shown that the model is capable of near replication of some stylized facts for the
EU and the US and Canada. With more precise estimates of parameters, and further study,
the model will improve our understanding of the role that costs to workers- both fixed and
marginal- play in determining international migration flows and unemployment rates.

It is important to emphasize that current empirical work places great weight on skill
heterogeneity of workers in evaluating the impacts of migration on sending and receiving
countries, and future versions of the model presented in this paper would do well to include
this characteristic. However, the model shown here approximates the data reasonably well
in consideration that the empirical literature so heavily emphasizes the need to account for

such heterogeneity in evaluation.
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Chapter 4

Appendix

4.0.1 Country Classifications

Schengen: Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Ger-
many, Greece, Hungary, Iceland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,

Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Lichtenstein

EU: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Lithuania, Luxembourg,
Malta, Netherlands, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden, United

Kingdom

Euro: Austria, Belgium, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Portugal, Slovakia, Slovenia,

Spain

EU not Euro: Bulgaria, Croatia, Czech Republic, Denmark, Hungary, Poland, Romania,

Sweden, and the United Kingdom
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4.0.2 Other Figures

Unemployment Variation Figures (with and without euro crisis)

Figure 4.1: Unemployment Rates and Variation with Averages

o
<
o |
™ H
o I
————— - [
=
o 4
T T T T T
1980 1990 2000 2010 2020
Year
— US Cross-State Variation ———— US Avg Cross-State Variation
---------- Schengen Cross-Country Variation— — Avg Schengen

Source: Eurostat

Figure 4.2: Unemployment Rates and Variation Alternate Averages
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Figure 4.3: EU Unemployment Rates and Variation
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Figure 4.4: Euro Zone Unemployment Rates and Variation
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4.0.3 Discrimination

Since firms post vacancies according to unemployed workers’ origin and current location
under discrimination, each job acts as a segmented labor market. This is similar to the
segmented equilibrium for a two-skill, one-country model in |Albrecht and Vroman| (2002)

and [Blazquez and Jansen| (2003).

k
AR

Separate markets mean that the market tightness in each sub-market, 67, is nominally
independent: Spillovers happen only due to a worker’s change of employment or location
status. For example, if a worker moves to another country for employment and then loses
that employment, the relevant market tightness has changed. Importantly in the search
framework, his effect on his original, and his new, market tightness is not considered when
making the decision to migrate or search. Migration can only happen when moving out of
unemployment ]

For workers, the flow value of search across markets must be the same in equilibrium.
This makes workers indifferent between the perceived return from searching in any particular
market. The flow value of unemployment to the worker, U, depends on the unemployment
benefit and the expected value of matching in that market. The expected value is given by
the product of the probability of finding a job in each market and the net value of moving

from unemployment into employment. While unemployed in country j, the worker receives

unemployment benefit, b;, and chooses to search in either country based on the expected

probability of matching with a job, 85¢;;(6};), and the net gain from employment in that
market, (NF —UF). Search is costless, and all workers share the same work effort. This gives

the flow value of unemployment as:

rUi;; = b; + T’?ax{Hqufj(Hfj)(NZ@ — UZ;)} (4.1)

The flow value of employment to the worker, NV, is the discounted value of the wage less

'T make this assumption for simplification, but [Kawata et al|(2014) show that in equilibrium this holds,
regardless of moving costs, in a similar framework.
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the value of moving into unemployment:

rNi’;- = wfj +0(Uy — NZ’;) (4.2)

Firms choose whether to post a vacancy based on the cost to post, cx, as well as the
probability weighted value to the firm of filling the vacancy and moving into production,
q(0)(J — V). This gives the flow value of posting a vacancy, 'V, in country k for a worker

from country ¢ living in country j:

Vi = =+ a5 (05) (5 = Vi) (4.3)

The flow value of a filled vacancy, r.J, to the firm is the value of production less the cost
to posting in country k, the wage payment to a worker from ¢ unemployed in j matching in
k, and the probability weighted value to the firm of the match dissolving, 6(V — J):

rij = yp — wfj — ¢+ (5(‘//; - Ji’;) (4.4)

Wages are bargained based on production surplus for the type of match, S, bargaining
power, (3, in job location k, and costs to establishing a vacancy in location k. Bargaining
partially captures the large power of labor unions in many countries, and allows differences
in outside options to migration to be reflected in wages through unemployment values.

Workers employed in country k always receive share 3, of the match surplus, S¥, where

YR

k _ 7k k k.

wi; = GBSy (4.5)

Firms in country k receive share (1 — f3) of the match surplus: (1 — §)S}.
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Equilibrium

Market tightness is the number of open vacancies, v, of each of the five types divided by

the total population of ”eligible” unemployed, u, to fill those vacancies:

oE
HII::F = - (4.6)
UrF
ol
o, = £ (4.7)
UrFp
F

0F, = 1L (4.8)
UpH

g _ Vku 49
FH = (4.9)
UFH
H

il = HE (4.10)
UHH

Initial populations are the sum of all unemployed and employed workers from each coun-

try, regardless of current location:

Pf :uFF+uFH—|—n§F+n£H+ngF+ngH (4.11)

P =ugy +nlty, (4.12)

The Figure summarizes the next group of conditions which ensures a stationary
equilibrium.

Job creation and destruction conditions ensure that the total stock of employed and
unemployed in each submarket remains constant in equilibrium. For example, Equation
describes the number of foreign unemployed workers who are in the foreign country and
match with a firm in the foreign country on the left hand side, and are represented by arrow 1
in the diagram. The right hand side is the number of foreign workers employed in the foreign

country who lose their job, and are represented by arrow 2 in the diagram. Equation 4.14
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Figure 4.5: Worker Flows
Discrimination

Home Foreign

equates the flow of foreign unemployed into the home country with the destruction of those
jobs, and is represented by arrows 3 and 4 in the diagram. Equation 4.15| equates previous
foreign migrants returning to the foreign country for employment and the subsequent loss of
those jobs by prior workers, and is represented by arrows 5 and 6 in the diagram. Equation
equates newly matched unemployed foreign migrants with the destruction of their jobs
in the home country, and is represented by arrows 7 and 8 in the diagram. Equation
represents the flow into and out of unemployment for home workers, and is given by arrows

9 and 10 in the diagram.
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Equations (4.13]) through (4.17)) ensure that every job sub-market is in equilibrium:

O pdip(Opp)urr = onpp (4.13)
Oppdpp(Orp)urr = onpp (4.14)
Oy ey (0 urn = 0ngy (4.15)
Oryary (0% ) urn = dngy (4.16)
Ot diin Ofp)umn = ongy (4.17)

The migration condition ensures that populations at the country-level remain constant
in equilibrium while allowing people to move in and out of each market. Equation is

represented by the equality of arrows 3 and 5 in the diagram.

QEHQEH(QIZH)UFH = equgF(egF)uFF (4.18)

Together with wage bargaining and the zero profit condition on firms, the market tight-
ness definitions, the population definitions, the creation-destruction conditions, and zero net

migration conditions fully define a stationary equilibrium.

Parameter Bounds

Productivity is bounded below by the sum of the cost to posting a vacancy and unem-
ployment benefits: y > ¢+ b, or by the discounted value of the costs to posting a vacancy:
y > c(q(0) + (r+6)/q(0)), whichever is larger.

Costs to posting and maintaining a vacancy are restricted by the same inequality as
productivity: ¢ < y — b or 0.335, whichever is smaller, and is kept to positive Valuesﬂ

Unemployment benefits are kept strictly positive, and face the same constraint as pro-

2Negative cost parameters could be used to identify government subsidies to firms wishing to stimulate
job growth, but is left out of this paper.
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ductivity and posting costs: b < y — c. Workers’ bargaining power is also kept positive, and
must remain below 0.9 (indicating that no equilibrium exists under the baseline specification
when workers receive a share of match surplus that is 90%, or larger).

The job destruction rate is bound between zero and 0.7. While the discount rate must
be positive and no larger than 0.55. Matching elasticity must be larger than 0.33, but
is unbounded above. Initial population may take any non-negative value. The numerical
bounds on all parameters vary somewhat depending on particular parameter values for the

baseline, but are locally insensitive.

Comparative Statics

The equilibrium impact of changes in parameters on wage and market tightness in a
particular sub-market can be evaluated using the changes to labor supply and demand from
changes in parameters. The effects on labor supply are straightforward for foreign stayers,
home natives, and prior foreign migrants in the home country. The impacts on new migrants’
supply decisions are less clear. Labor demand effects are also straightforward. I separate
equilibrium impacts into the effects on market tightness and wages, and then taking those
changes as given, evaluate the impact on equilibrium unemployment.

Increasing productivity or decreasing posting and maintenance costs increases the de-
mand for labor for all types of workers. Specifically, increasing foreign productivity (de-
creasing posting and maintenance costs) increases demand for all matches in the foreign
country, without changing the demand for home workers. Increasing home productivity
(decreasing posting and maintenance costs) increases demand for all matches in the home
country.

On the supply side, increasing foreign productivity increases labor supply for all for-
eign workers except migrants remaining in the home country, without changing the supply
of home workers and foreign migrants already in the home country. Increasing home pro-

ductivity increases supply for all workers except foreign stayers. Increasing foreign posting
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and maintenance costs decreases the supply of labor for all foreign workers except migrants
remaining in the home country, and has no impact on the supply of home workers and
foreign migrants already in the home country. Increasing home posting and maintenance
costs decreases the supply of labor for all workers except foreign stayers who are unaffected.
Increasing foreign unemployment benefits increases the supply of foreign stayers only.
Increasing home unemployment benefits increases the supply of all workers except foreign
stayers who are unaffected. Increasing foreign bargaining power increases the supply of new
foreign migrants into the home country, unclear effects on all other foreign workers except
prior migrants who are unaffected along with home workers. Increases in home bargaining
power have no impact on foreign stayers and unclear effects on the supply of all other workers.
Combining the supply and demand effects, increasing foreign productivity increases mar-
ket tightness for all foreign workers except those who migrated prior to their previous unem-
ployment. Home workers’ and prior foreign migrants’ market tightnesses are unaffected by
changes in foreign productivity. Increasing home productivity increases market tightness for
all workers except foreign stayers who are unaffected. Decreasing posting and maintenance
costs has the same effect on market tightnesses as increases in productivity. The effect on
wages is unclear for each of the changes in productivity and posting and maintenance costs.
Increasing foreign unemployment benefits increases market tightness for foreign stayers,
and has no effect on any other workers’ market tightness. Foreign stayers also experience a
decrease in wages. Increasing home unemployment benefits increases the market tightness
for all workers except foreign stayers. Wages decrease for all workers except foreign stayers.
Changes in both foreign and home bargaining power have an indeterminate effect on
market tightness for all workers except foreign migrants newly moving to the home country
in the case of changes to foreign bargaining power. For these workers, market tightness
increases and wages decrease when foreign bargaining power increases.
Given the changes on market tightness, it is possible to analyze the effect on unemploy-

ment, employment and vacancies in both countries for changes in parameters except when

119



changes to market tightness are unclear.

When foreign productivity increases or posting and maintenance costs decrease, the im-
pact on unemployment levels in both countries is unclear. If the effect on market tightness
for foreign migrants returning to the foreign country is large enough, this will outweigh the
negative effects of market tightness for foreign stayers and foreign workers newly migrating
to the home country to yield a net increase in unemployment for foreign stayers. Otherwise,
increasing foreign productivity or decreasing posting and maintenance costs will decrease
unemployment for foreign stayers. Changes to unemployment for foreign migrants similarly
depends on whether the effect of market tightness for returning migrants is larger than that
of newly leaving migrants. If this is the case, unemployment for foreign workers living in the
home country will decrease. Home workers see no change in unemployment from changes in
foreign productivity or posting and maintenance costs.

When home productivity increases or home posting and maintenance costs decrease, it
is similarly unclear what happens to unemployment for workers. Foreign stayers’ unemploy-
ment levels will decrease is the effect from prior foreign migrants and new migrants outweighs
the effect from returning migrants. Foreign migrants’ unemployment will decrease if the ef-
fect from prior migrants and returning migrants outweighs the effect from new migrants.
Home workers see a decrease in unemployment levels from the increase in home productivity
or the decrease in home posting and maintenance costs.

Increasing foreign unemployment benefits decreases unemployment levels for foreign stay-
ers, and has no impact on any workers in the home country. Increasing home unemployment
benefits has an indeterminate effect on unemployment for foreign workers in both countries.
For foreign stayers, unemployment will increase if the effect of returning migrants outweighs
the effect of prior and newly leaving migrants. For foreign workers living in the home country,
unemployment will increase if the effect of new migrants outweighs the effect of returning
migrants and prior migrants. Home workers experience an increase in unemployment when

home unemployment benefits increase. Changes in bargaining power in either country have
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an indeterminate effect on unemployment for all workers.
Given the frequently unclear effects from changes in parameters on unemployment in
either country, I pursue a numerical experiment to evaluate in a more concrete way what

happens to workers in either country when parameters change.

A Numerical Experiment

In order to give a clear example of how the parameter choices impact the equilibrium, I
employ a numerical comparative statics exercise for each characterization of the model. This
captures the general equilibrium impacts on labor markets not captured in the comparative
statics on wage and market tightness conditions from labor supply and demand, and on
employment conditions from changes in market tightness alone. The home (usually receiving)
country is always at the baseline calibration outlined above, and parameters for the foreign
(usually sending) country are varied one at a time. This allows us to study the impact of
policy changes in the sending country on the destination countryﬂ Changing the parameters
in this way allows for clearer interpretations of the impacts on migration from changes in
structural labor market characteristics. Figures show the impact from changing
parameters one at time with equilibrium outcomes plotted as the parameter of interest
increases on the horizontal axis moving right to left from the lower to upper bound of
allowable values given the baseline parameterization. In all figures, home values and all but
the parameter of interest in the foreign country are kept at the baseline calibration in Table
.ol

Figure shows the effect of increasing the initial population of foreign workers from
zero to five times the value in the home country. Increasing the initial foreign population
increases the final population in both countries, maintaining the absolute difference between
the two countries (first panel). Since all other parameters are the same across countries, this

population differential is constant with absolute levels increasing proportionately according

3Values in the home country could also be toggled. Results vary due to the asymmetry of the migration
restriction on home workers.
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to the additional workers in the economy. The home country is always more populated
due to the equalization of unemployment rates for foreign workers at home (in the foreign
country) and abroad (in the home country). Foreign workers’ migration decisions equalize
their unemployment in either country since other parameters are symmetric, making equal
populations across markets the only way workers equalize the expected value of search across
markets. Market tightness is unchanged as the initial population is increased since struc-
turally the two countries are identical (second panel), and firm trade-offs haven’t changed in
the structural dimension. This also means wages are unaffected by changes in initial popula-
tion. Unemployment for home workers remains unchanged while foreign workers experience
increased unemployment (third panel) as their scarcity decreases. Home workers also experi-
ence higher unemployment until foreign population is about three times as large as the home
population. Foreign workers are disproportionately impacted from the population increase
since it is their country getting more crowded. Vacancies for home natives are not affected
due to the targeting of particular worker types by firms. Changing the initial population
value in the foreign country has the expected effect of increasing unemployment for foreign
workers, increasing populations in both countries, and has relatively minimal effects on home
workers.

Increases in foreign country productivity are shown in Figure Starting from parity,
the figure shows the impact from the foreign country becoming increasingly more productive
until it is four times as productive in the foreign country as in the home country. Fewer
workers choose to migrate as the foreign country becomes more and more productive relative
to the home country (first panel). Regardless of how much more productive the foreign
country becomes; however, the population is never evenly split between the two countries
when all other parameters are equal. This is due to the crowding out in the foreign country
of too many workers seeking too few jobs. Foreign workers do not anticipate their impact
on the origin and destination markets from an individual migration decision, and so foreign

workers remain in the home country even when the foreign country is much more productive.
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Their probability of finding a job increases when productivity increases, though the effect
is larger in the foreign country. Home workers experience no change in unemployment
from the productivity change in the foreign country since the markets for each worker type
are segmented. Foreign workers, regardless of location, see a decrease in unemployment
when their home country gains productivity (third panel). Home workers always face higher
unemployment than any foreign workers. Firms in the foreign country open more vacancies
since each filled vacancy is more productive. Wages for all workers in the foreign country
increase, with never-movers seeing the largest gain from the gain in productivity. Newly
arrived foreign workers in the home country also see a small increase in wages since their
outside option of unemployment in their home country has increased. Workers who have
previously moved and remained in the home country along with home workers see no change
in wages with increased foreign productivity.

When foreign firms face an increase in vacancy posting and maintenance costs, the size of
the total surplus from any given match is decreased. Figure[4.8shows the outcome from rising
costs in the foreign country, beginning with costless posting and ending with costs taking
up around a third of all production value at approximately 50% larger than in the home
country. When posting is costless in the foreign country, very few foreign workers migrate to
the home country (where costs are larger than zero), and unemployment for foreign workers
at home and abroad is near zero. As costs in the foreign country increase, more workers
move to the home country seeking the larger surplus values there. Market tightness for all
positions in the home country is unaffected, while those in the foreign country see a large
decrease. More costly posting means fewer vacancies posted. Home workers see no change
in unemployment, while foreign workers who stay in the foreign country first see an increase
due to the higher cost of vacancies to firms, and then a decrease in unemployment as more
workers leave and those remaining become relatively scarce. Unemployment is always larger
for home workers. On the other hand, migrant workers experience increased unemployment

as their continual migration increases the available worker pool in the home country for firms
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while profitability remains constant in the home country. At the point where posting and
maintenance costs are equal between the two countries, all wages are equal. When costs are
lower in the foreign country, wages are higher for all workers except foreign stayers, who
see no change in wages regardless of changes in costs to firms. When costs are higher in
the foreign country, wages everywhere drop. In the foreign country this is due to the lower
surplus of matches due to the high costs while in the home country, firms no longer have to
pay high wages to entice workers to search in the home country.

Making unemployment benefits more generous in the foreign country has qualitatively
similar effects on population, market tightness, and unemployment as increases in posting
costs (Figure . As the foreign country becomes more generous, so few jobs are posted in
the foreign country that eventually all workers migrate to the home country. This is reflected
in the market tightness decreasing to zero as the number of open vacancies maintained is zero
when benefits are as large as is allowable for this parameterization. Unemployment increases
slightly for foreign stayers as benefits become more generous, and then tends to zero as
workers vacate the foreign country in favor of the higher probability of job finding rates in the
home country. Foreign migrants see their unemployment rates converge up to those for home
workers as the entire population moves into the home country seeking employment. The less
restrictive environment for firms from the relatively lower unemployment benefit there leads
them to post more vacancies and increases the probability that workers will match with a
firm. Wages for foreign workers in the home country who moved prior to the most recent
unemployment spell and home workers are unaffected by changes in unemployment benefits
in the foreign country. Wages for workers in the foreign country and new migrants in the
home country increase as unemployment benefits increase to compensate for the higher value
of unemployment. As benefits in the foreign country increase beyond the level in the home
country, wages drop for new migrants in both countries, coinciding with the movement of
the entire population moving into the home country, and their crowding of the home market

for foreign workers.

124



Changes in the bargaining power of workers in the foreign country again has qualitatively
similar effects as posting costs and unemployment benefits. Each of these three parameters
impacts the size and/or division of the match surplus, and incentivizes workers and/or firms
to try to increase the probability of a match from the other side of the market. Figure |4.10
illustrates the impact when workers have very little bargaining power through the oppo-
site extreme of having almost all the bargaining power in wage negotiations. Equilibrium
population is most evenly split across the two countries when the foreign country’s workers
have no bargaining power. Then, as worker’s share of the match surplus increases in the
foreign country, more workers migrate until only 12% of the original workforce remains when
their share is as large as possible. Market tightness in the foreign country also decreases in
tandem with the increase in worker’s bargaining power as firms find it less attractive to offer
vacancies when their share of the surplus is low. Home workers again see no change in their
unemployment levels from the changes in the foreign country, but migrants face increasing
unemployment as they overcrowd the home market. Again, home workers always face higher
unemployment. Foreign stayers, on the other hand, first see an increase in unemployment as
firms open fewer vacancies, but then benefit from the exodus of workers into the home mar-
ket, thereby lowering foreign country unemployment levels. Changes in productivity have
relatively small effects on unemployment compared to posting costs, unemployment benefits,
and bargaining power, but large differences in unemployment persist across all parameter
variations. Wages for foreign stayers as well as new migrants in both countries see wages
increase with the increase in bargaining power. The rise is most dramatic for foreign stayers.
Home workers, and foreign workers who moved prior to their last unemployment spell see
no change in wages with changes in foreign bargaining power.

Under discriminating behavior of firms, home workers’” unemployment doesn’t change
even when foreign workers move in and out of the home country. They are relatively insu-
lated from foreign worker’s impacts on market tightness and population levels through the

targeting of particular workers by firms. More workers migrate under discrimination condi-
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tions, typically around 50%, than in the data, close to around 10%. If firms were to behave
as they do under discrimination, there would be no support for the argument that immi-
grants hurt native workers’ job prospects through competition for jobs. Given that most
firms are unlikely to behave this way, we must examine what happens not only to home
workers, but to all workers under more realistic firm hiring conditions. Wages are positively
related with changes in market tightness for changes in initial populations, productivity, and
posting costs, but negatively related with market tightness for changes in unemployment

benefits and bargaining power.

Discrimination vs Non-Discrimination

I now compare how the two firm restrictions result in different equilibrium outcomes.
Firm behavior, migration patterns, and unemployment values vary across parameter changes
depending on the restrictions imposed on vacancy posting. The discrimination and non-
discrimination characterizations are qualitatively similar for most of the comparative statics
exercises. Both market equilibria provide important insights into the effects of changes in the
structural characteristics of labor markets, while differences highlight ways in which labor
markets may not work as expected when migration is limited to one nationality, but not for
another.

When the initial population in the foreign country size is varied, the equilibrium distri-
bution of workers is the same. Foreign workers are split evenly between the two countries
(Figures and . Firms under the two regimes behave differently: firms allowed to
discriminate between worker types maintain slightly fewer unfilled vacancies than firms not
allowed to discriminate. The second panels of Figures [4.6] and show that discriminating
firms post fewer vacancies per unemployed worker likely because their postings can be more
targeted, but the third panels show that unemployment for home workers is higher as a result
while foreign workers” unemployment in both countries are unaffected by the differing firm

behavior. Wages for all workers are the same under both firm behaviors except for foreign
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stayers without discrimination. In that case, foreign stayers benefit from the inability of
firms to discriminate by targeting those workers who are not moving.

Figures [4.7] and show how the discrimination and non-discrimination outcomes vary
for changes in productivity in the foreign country. The population is less evenly distributed
between countries for all values of productivity under discrimination. Firms recruit less
equally when allowed to discriminate.Vacancies per unemployed worker increase in the for-
eign country under both firm behaviors, but home firms are not required to alter behavior
under discrimination as the foreign productivity varies in order to retain an acceptable work-
force. Under non-discrimination, firms begin to offer fewer vacancies as the foreign country
becomes more productive, since those firms must compete with foreign firms to attract
workers. Foreign workers who migrate experience the same unemployment under either firm
behavior, but workers choosing to stay in the foreign country and home workers have very
different unemployment conditions. Home workers are not affected under discrimination,
but their competition for jobs without discrimination means they suffer disproportionately
from the decrease in vacancies in the home country, and have large increases in unemploy-
ment as the foreign country becomes more productive. Foreign stayers benefit from the
increase in vacancies under discrimination, but suffer from the increase in population (due
to a decrease in migration) following the increase in productivity. When the countries are
symmetric, all workers receive higher wages with discrimination. As the foreign country
becomes more productive, foreign stayers more than overcome the initial lower wages under
non-discrimination, and receive higher wages when firms cannot target particular workers.
All other workers always receive higher wages when firms can discriminate.

When posting costs in the foreign country approach zero, almost no workers migrate to
the home country under discrimination, but without firm discrimination, foreign workers
continue to migrate at a rate of about 33% of the original population, shown in Figures [4.8
and [1.7. When firms cannot target particular workers, workers choose to search in the home

country despite the larger surplus from remaining in the foreign country. As costs to firms
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in the foreign country increase, more workers leave the foreign country until no one lives
there under both discrimination and non-discrimination. Given the more equal distribution
initially under discrimination, this transition occurs more quickly with the cost increase than
under non-discrimination. Overall market tightness is lower under non-discrimination for all
workers given firms’ inability to target workers in the same way as when they are permitted
to discriminate, but changes as foreign posting costs increase is qualitatively similar across
the two scenarios (second panel). Home tightness increases slightly as firms open more va-
cancies, potentially in response to their relative advantage in a higher surplus once foreign
costs surpass home costs. This increase in the home country benefits all workers under
non-discrimination by decreasing unemployment despite the increase in population, but the
decrease in unemployment benefits only foreign migrant workers under discrimination since
home firms need not increase postings for home workers who are trapped there. Foreign
workers experience decreased unemployment as fewer workers remain in the home country,
but the overall foreign unemployment rate increases as eventually no jobs are filled, and all
workers are unemployed when costs are highest. Foreign stayers and returning migrants re-
ceive higher wages under non-discrimination when costs are lower in the foreign country, but
receive lower wages when costs are higher in the foreign country. New migrants to the home
country, home workers and migrants who spent their most recent period of unemployment
in the home country receive higher wages under discrimination when costs are lower in the
foreign country, but lower wages when costs are higher.

Population distributions across discrimination and non-discrimination vary dramatically
when unemployment benefits vary in the foreign country. Figures and show that
discriminating firms result in workers always being less equally distributed, beginning with
almost 70% of the original foreign population in the home country when there are almost
no benefits in the foreign country, and inequality increasing as the foreign country becomes
so generous that no match surplus remains after accounting for the opportunity cost to

employment in the foreign country. This contrasts with the case in which firms cannot
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discriminate where population distribution changes relatively little when benefits increase
in the foreign country, and results in a more equal (though not close to equal) distribu-
tion when benefits are very generous in the foreign country. Market tightness also displays
large differences from firm behavior under the two regimes: the second panels show tight-
ness increasing slightly in the home country under discrimination and the foreign country
under non-discrimination while tightness decreases in the foreign country under discrimina-
tion and in the home country under non-discrimination. I attribute this to the complete
erosion of surplus under discrimination resulting in a marked decrease in vacancies by firms.
When firms cannot discriminate, they decrease all postings in the home country due to the
high opportunity cost of hiring a foreign migrant and being forced to pay those workers
higher wages under equal bargaining rules due to foreign workers’ higher opportunity cost
of employment. This is reflected in the differences in unemployment patterns. Under dis-
crimination, home workers are unaffected by the changes in foreign unemployment benefits
while foreign migrants face increasing unemployment due to their increased migration and
cost to the home country. Without discrimination, foreign workers in either country face
little change in unemployment due to firms’ inability to choose their worker pool. Home
workers experience higher unemployment since firms unable to choose to hire home workers
post fewer vacancies to avoid the higher wages foreign workers demand. Wages are higher
without discrimination for newly leaving and returning migrants. Wages are higher without
discrimination for home workers and migrants who spent their most recent period of unem-
ployment in the home country when foreign unemployment benefits are low, but lower for
those workers when foreign benefits are at their maximum allowable level. Wages are higher
with discrimination for foreign stayers when foreign benefits are low, but higher when foreign
benefits are high.

Changes in workers’ bargaining power in the foreign country have markedly different
effects across discrimination and non-discrimination. This is likely due to the differential

impact on firms of decreasing the surplus they receive from matching when they are able to
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target home workers under discrimination in the home home country without risking match-
ing with foreign migrants demanding higher wages from their outsize bargaining power in the
foreign country. Figures and show the effects from increasing workers’ bargaining
power from very small shares to very large shares of surplus. When firms are allowed to
discriminate, the population is initially more equally distributed between the countries since
firms are better able to target workers. Under discrimination, workers increasingly begin to
locate in the home country as bargaining power in the foreign country increases. Without
discrimination, foreign workers cease to migrate as the foreign country employment becomes
more attractive. Firms have opposing incentives for maintaining open vacancies depending
on their ability to discriminate. Discriminating firms in the home country maintain a fairly
constant market tightness even as the foreign workers become less attractive, while foreign
firms maintain fewer open vacancies as the foreign worker absorbs more of the match sur-
plus. Home tightness is lower under discrimination than without discrimination until foreign
workers absorb more than 80% of the match surplus. Foreign tightness is lower without
discrimination until foreign workers’ receive more than 46% of the match surplus. Work-
ers also face very different unemployment conditions under the two regimes. When firms
can discriminate, home workers are unaffected by changes in foreign bargaining power, and
have lower unemployment rates than when firms cannot discriminate except when foreign
workers receive less than half of the match surplus. Foreign migrants are worse off (in terms
of unemployment) when foreign bargaining is low and firms cannot discriminate, but are
better off when firms can discriminate and their bargaining power is high; this is partially
attributable to the high value of employment in their native country, and the falling rates of
migration as bargaining power increases. Foreign stayers always have higher unemployment
when firms cannot discriminate: Foreign firms know the only workers available to match
are foreign workers, and always know the unemployment pool’s uniformity. As firms re-
ceive less of the match surplus, they hire fewer workers despite the increasing demand for

foreign employment. Foreign stayers, new migrants, and returning migrants receive higher
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wages when firms discriminate. Home workers and migrants who spent their most recent
period of unemployment in the home country receive the same wages regardless of changes
in bargaining power under both types of firm behavior.

Firms in the home country offer slightly more vacancies as the population increases,
and there are always more vacancies in the home country when firms cannot discriminate.
This makes home workers better off in the sense of experiencing in lower unemployment
when firms cannot discriminate, and this decreases as more foreign workers join them in the
unemployment pool in the home country. Wages vary significantly across firm behaviors,
and depending on parameter values. Workers’ wages are not systematically higher or lower
under either regime.

Restrictions on firm recruiting behavior matters for equilibrium population allocations,

unemployment, wages, and other labor market conditions more broadly.
Discrimination Figures

igure 4.6: Full Discrimination Changing Initial Population
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Figure 4.9: Full Discrimination Changing Unemployment Benefits
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4.0.4 A Search Model of Migration & Unemployment Equilibrium

Values

Wages

Discrimination (Labor Supply)

wl — Bi(y1—c1) (r+6+61, 41, (91,))+(1—B1)b1
= r+6+519}1q}1(9}1)
w2, = B2 (y2—c2) (r+6+624q24(6%,))+(1—B2)b2
12— 7"+5+529%2‘1%2(9%2)
W, — B (y2—c2) (14646343, (635))+(1—P2)ba
22 r+6+P205,43,(03,)
wp = —(((e2 = y2)Ba(r + 0)(r(r + 6) + quabia(rBr + 0)) + qii((c2 — y2)Bo(r + 6)* +

Qo (=1y28182 — (Y282 + Br(—c1 + g1 + (c1 — y1 + 42)B2))0 + c2Ba(0 + Bi(r + 9)))01,)0% +
ba(—1 + B2)(r + 0)(r? + 10 + qiorB101y + 4150015 + q71061))/((r + 0)(r(r + 6) + i (rB1 +
0)015) + qiy ((r + 0)(rBa + ) + qia(rB1 B2 + (B + B2)0)01,)0%,))

wiy = (—(e1 —y1) B (r +0)*(r + q12013) + aiy (— (1 —y1) Bi(r +0) (B2 + ) + i (ry1 S8z +
((c2 = y2) (=14 B1)Ba + Y181 (L + £2))d — 1810 + Ba(r +6))01)0F — ba(—1+ 1) (r +6)(r* +
70 + q15001s + gt1 (B2 + 0)611)) /((r + 0)(r(r + 6) + qiz(rBr + 0)01s) + i1 ((r + 0)(rB2 +0) +

qlo (10182 + (81 + B2)0)01,)607))

Non-Discrimination (Labor Supply)

1 _ (r+8)(bi(1=B1)+1—c1)(1+61q1)
- r+0+(r+0+p1—1)01q1

2 _ (r+9)(b2(1—B2)+(y2—c2)(1+62g2)
- r4+0+(r+0+B2—1)02g2

2 _ (r+0)(b2(1—B2)+(y2—c2)(1+62g2)
o r+0+(r+0+p2—1)02q2

wi; = —(((c2—y2) Ba(r+0)(r(r+0) +qu(rB1+0)601) +q2((c2—y2) B2 (r+6)* + 1 (=251 52 —
(y2B2 4 Pr(—c1+ 1+ (c1 — y1 +12)52))0 + c282(0 + Bu(r +6)))01)02 + ba (=14 B2) (r +6) (r* +
rd+qr 101+ 1001 +q200:)) [ ((r+0) (r(r+9)+aq1(rB1+9)61) + q2((r+9) (rBa+38) +q1 (rB1 P2+
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(81 + B2)9)61)02))

wiy = (=(e1 = y)Bi(r +0)*(r + @ubh) + @2(—(c1 — Y1) Bi(r + 0)(rBa + ) + qu(rys 12 +
((c2=y2) (=14 B1) B2+ y1Bi(1+ B2))0 — 1S (6 + Bo(r +0))01)02 — ba( =1+ 1) (r +6) (r? + 76 +
01001 + g2 (rBz + 0)02)) /((r + 8)(r(r + 8) + qu(rBy + 8)01 1) + go((r + 8) (B2 + 8) + qu(rBuBa +
(811 + B2)9)61)02)

Discrimination (Labor Demand)

ko cx(r+9)
W = Uk = O )

Non-Discrimination (Labor Demand)

ko L cg(rt9)
Wiz = Yk — Ck a1 (%)

Equilibrium Values

Discrimination

upp = (P 0qhy0%y)/ (abu (0 + ahp0tp)0by + afp0ie(0 + 205508y + ai 0 y))
UrH = (PF(SC} ‘ggF)/(QFH(fS + q QEF)QEH + QFFGgF((S + 2q QEH + ngggH))
upn = (PJ'6)/(6 + qubiiy)

vir = (P apr00tp0y) /(a5n (0 + app0tp) 05y + app0f e (0 + 2a5408y + 4 n0%5))
vip = (P apn00¢p0tn) / (arn (6 + arp0tp) 05 + aiptip(0 + 2055050 + ain0iy))
vin = (P appd0f w0ty [ (apn (0 + app0tp) 05y + afp0fp(0 + 205508y + 4 n0%5))
vig = (P qepd0ep0iy)/(aen (O + qppdip) 0ty + aipblir (0 + 20pnbn + 4inbin))
vitn = (Py'60111)/ (0 + aubiip)

Prafeapy08m0bn)/(abn (0 + appbir)0by + app0pp(0 + 20500y + 4iu0%y))

(

npp = (Prappaiprr9tm)/(abu (0 + ahpbir)0by + app0pp(0 + 2q5 505y + abu0%y))
(
= (P afpaby9%p0%n)/ (abu (0 + abp0hp)0hy + app0ie (0 + 205408y + i u0hy))
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ngH = (PFQFFQFHQH QH )/(ng((S + QEFGEF)QEH + QFFHI{“IF((S + 2Q QEH + nggl{—“[H))
niy = (PYaubiy)/(0 + qubfy)

Non-Discrimination

upr = (PYqrd0r)/((qr0r + qu0u) (6 + qrbr + qubn))

urg = (P qud0u)/((qr0r + qubu)(0 + qrOr + qubm))

ugg = (PH5) /(6 + qubn)

ne = (P qr0r)/(0 + qrOr + qubu)

ng = (quOu(PY 0+ P6 + PMqpOp + (P + P )qu0u))/((0 + qubu) (0 + qrbr + qubn))
vr = (P700r) /(0 + qrfr + qubn)

v = (00 (PF6 + PES + PHqrOp + (PF + PH)qubu))/((0 + qubu) (0 + qrbr + qubn))

4.0.5 Labor Market Search with Migration: Unbundling Cost Mech-

anisms Equilibrium Solutions

Equilibrium Solutions

Labor Supply:

Non-Discrimination

wiy = —((br(=1+ Bp)(0 +7) + Br(d + 7+ qrOF)(cr — yr))/(6 + 7 + BrarOr))
wiy = —((br (=1 + Bu)(0 +7) + Bu(d + 7+ auOm)(cn — yu))/(0 + 1+ BuquOmn))

wiy = (=b (=14 Bu)(0+ 1)+ (0 + 7+ quOu)(—Tru + fu(—cu + e +yu)))/ (0 + 1+
wiy = —((=bpd*qrOp—bpdoqrrOp+LucudqrquO®rOu+6*qrquOrdruOu+0qrqurOrdruO© u+
(=14 Br)bg (6 +7)(r(6+7)+qu (6 +Bur)Or) +02qrrOrdrr +20qr*Ordrr +qrr*Ordrr +

2qrquOrOudur+iqrqurOrO uéur+LudqrqurOrOudnr+Buqrqur*OrOndur+0*rTry+
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20r*Tp+ P Trr+02quOuTra+0quTOuTrE+ BH0quTO uTrE+BHquT*OnTrE+0qrquOFrO TR —
Br0qrquOrOuyn — Br(—brdqr(d + r)Op — cp(0 4+ 7)*(r + qrOF) + BucudqrquOrOn —
crqu((6+7)(5+ Bur) +qr(6+ Bud + Bur)OF)On + 0%4rquOrdruOn + 64rqurOrdruOn +
0°qrrOp¢r+20qrr*Ordur+qrr*Ordnr+0*qrquOrOudrr+04rqurOrOndrr+PLr0qrqurOrOndnr+
Brqrqur*OrOn¢up+0*rTru+20r*Te -+ T +0%quO nTru+0quTOuTrE+BHOqHTO N TR H+
Buqur*Outry + dqrquOrOutry + 0°ryr + 20m*yr + myr + 82°qrOryr + 20qrrOpyr +
qrr*Oryr + 6°quOnyr + 0qurOunyr + BudqurOnyr + Buqur*Onyr + 0qrquOrOnyr +
BrdqrqguOrOnyr + BuqrqurOrOnyr — BrdqrquOrOnym))/((6 + r)(r(d + ) + qr(d +
Brr)Or) + qu((6 +r)(0 + Bur) + qr((Br + Br)d + BrBur)Or)Omn))

wi = (=bp(—=14Bu)(0+7)(r(0+r)+qr(0+Brr)Or)+quOu (b d(0+1)— (d+r) ((r(d+r)+
04rOr)Pru+0qrOr¢ur)—((047)*+0qrOr)Tra—BrqrOr(crd+r((04+r)pra+Tra)—0yr))+
Br(—=cu(5+7)(r(6+71)+qr(6+Brr)Or) —brdqu (6+1)O 5+ LrerdqrquOrO g —crqu ((+7)*+
qr(6+Brd+Prr)Or)Ou+0*quroru©n+20qur*¢ruOu+qur* drn©n+0*qrquOrdrn©n+
0qrqurOr¢ruOn+PLroqrqurOrornO©n+PArirqur*OrdruO®u+0qrquOrOndnr+0qrqurOrOpdnr+
0°quOuTru+20qurOnTru+qur*OuTrn+0qrquOrOuTrE+BrarquTrOFrOuTrH—BroqrquO O nyr+
(6 +7)(r(0+7) + qr(d + Brr)Or) + qu((6 + 1) + qr(d + Brd + Brr)Op)On)yn))/ (0 +
r)(r(d+r) +qr(0+ Brr)Or) + qu((6 + r)(6 + Bur) + qr((Br + Bu)d + BrBur)OF)On)

Discrimination

wiy = = ((0u(=14 Bu) (0 + 1)+ Bu(6 + 7+ qiyuOhn) (e — yn)) /(O + 1+ BudiinOlin))
wiy = (=bu (=14 Ba) (0 +7) + (0 + 7 + ¢ yOfy) (—7ru + Bu(—cu + Trm +yn))) /(6 +
r+ BuqipOiy)
wiy = =(((=148p)bu (0+7)(r(0+7)+qip(0+Bur)Ofp) —brd*ap Ok y —brdqr yrO%y +
Brucndqirar Ot rOrr+0°arpar O pdrnOry 04 pafyr O pdruOr g +0°apyrOr g drr+
2005 O dur iy’ O g Our+0 AP pdir O R FO O H0arar O FO Ly S+ Brdal paf T OF FOF
Brqipqhyr?08 0 L onr + 82rTrg + 2002 TEy + ri31rn + 0%¢H RO ey + Sq O ey +

BHCSCI;IFT@I;FTFH + BHngTQQgFTFH + 6ngng®gF@I};HTFH - 5H5QI€IFQ1{:H@§IF@1€H1UH -

137



Br(=cr(0+7)(r(0+7) + a7t (0 + Bur)Otkp) — brdqiy (0 +7)O%y + BucH0qi pqiy O pOky —
crqpp((047)°+qip(0+Bud+Brr)O%p) Oy +0° 41 par n OF pOru Ok y+0ar par nT O pPruOF -+
OGO Our+20q5 O Orr+aE g O g O r+0° L pUh O E O OHFH0GE pUE T O R PO py OHF+
BrdqEpqEyrOE 0F Lo nr+Brqipgh 2 O8O by p+0%r T +20r* Tr T3 TR +02q O LT+
Sq Ol mry + Budql Ol ey + Buqpr?Ot ey + 0qE kO8O  yTEr + Pryr +
2012y p 3y p+ 02t p Oy r+0a i O pyr+ Brd i e Ot ryr+ Bua pr O fryr+8° a5y O f ryp+
2005 OrpYr+ T O gYr+0ai rah O FOFHYr+B10aE pr O P pOF HYF+ B rdrpT O FrO Y —
Brdairary O rOrryn)) /(6 +1)(r(6 + 1) + aifp(6 + Bur)Ofp) + app((0 +7)(0 + Brr) +
qpp((Br + Bu)d + BrBur)OPr)O%y))

wiy = (=br(=1+ Bu)(0 + 7)(r(0 + 1) + ary (0 + Brr)Ory) + appOrp(bud(d + 1) -
r(r + BrappOry) (rorm + Tru) — *(rérn + 4ppOry(drm + ¢ur) + Ten) — 6(2r°drn +
0 Org (Orn + Broru +dur) +2rTen + qrgOfy (Brcr +Trn — Bryr))) + Bu (—budqfp(+
1O — cu(d +1)(r + ¢ pOFp) + 0 qi prOFpdrn + 204 pr*Of porm + aipr*Of pdru +
Brerdqipqin©prOrn—crnden((04+r)(0+8rr)+qip(0+Bro+Brr)Or)Oby +0° 4 p 4k n OF pOrnOpy+
047 painTORrOrrO Lyt Broqi pirpT O FrdrnOrnt Brai paipr* Ok poru Ok p+0° ¢l p i yO PO py S+
0qi rar O P pOr ¢ r+02al p O pTrn+20qi prOY pTrn+ai O pTrn+ 04 paf O L pO b g T+
BrapraiuTOrrOrnTrn — Broqipdin O pOrnyr + (6 +7)*(r+ qifpOFr) + dip (0 +1)(6 +
Brr) + aiip(0+ Brd + Brr)OFp) Ok )ym)) /(0 +1)(r(8 +7) + affp (0 + Brr)OFp) + appy (6 +
)0+ Brr) + qir((Br + Bu)d + BrBur)Okr)Oky)

Labor Demand:

Discrimination (Labor Demand)

k cg(r+90)
w:. = — Cr. —
i Yk k qu (07{3)

Non-Discrimination (Labor Demand)

ko B _ ci(r+9)
Wis = Yk = Ck = 4, 0p)
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Equilibrium Values

Discrimination

urr = (P 005 y09%m)/(aFn (0 + a5 p0rp)0Fy + aEp0fp(0 + 205505y + aip0Fy))
upn = (P} 0q¢p08r) /(akn (0 + app05p)0bm + aip0F e (0 + 20407y + a8 u0%H))
= (P,10)/(6 + qubiin)
= (P apu00rr0rm)/ (05 (0 + arpbrp) 0y + aip0rr(0 + 20505y + dpp0iy

UFF = ( QFH50H QF / q H(5+ng6)I€F Q?H +QFF0gF(5+ QQFHQFH + QFH

) )

u)/(ap ) )
vin = (P appo0fp0ry) [ (apn (0 + app0tp) 05y + afp0fp(0 + 205505y + 4 n0%5))
vitn = (P qppo0y p0 )/ (@5n (0 + Geplpr)0pn + arp0n(6 + 20pn ey + aiubin))
vitn = (Py'60111)/ (0 + aubiip)
nir = (B arparnrr0im) / (apr (0 + arp05p)0f g + aip0rp(0 + 205508y + 4 p0iy))
npr = (P aipra08r05u) /(0 (0 + @pplip)0on + qip0Ee(0 + 20500y + aiu0n))
ner = (Py aprdra0erfem)/ (@ru (0 + appbre)05n + ap05r (0 + 205507y + aF 07 n))
nin = (Py airaiudrr0in)/ (50 + arpdrp)0in + aiptr(0 + 205505y + app0fy))
nirg = (Plan0y)/ (0 + andiiy)

Non-Discrimination

urr = (P} qrofr)/((qr0r + qu0u) (0 + qrbr + qubn))

upy = (PFqudbn)/((qr0r + qubu)(0 + qrbr + qubu))

ugg = (PH5) /(6 + qubn)

np = (P, qrdr)/(0 + qrr + qubp)

nyg = (qubu (P + PS5 + PP qpbp + (PF + PH)qubu)) /(0 + qubu) (0 + qrbr + qubn))
vp = (PJ00r)/(0 + qrbr + quu)

v = (005 (P} 6 + P'6 + Pl qr0r + (P + Py')qubn)) /(6 + qubu)(0 + ¢rbr + qubn))
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4.0.6 International Migration: Unemployment Differences and Costs

to Move Equilibrium Solutions & Figures
Cost Changes Detalils

Leave Costs Only

EU Proxy
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|
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|
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Unemployment Rate

Migration Rate (Gross)
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Cost to Leave
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Return Costs Only
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Migration Rate (Gross)
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Flow Costs Only
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All Costs
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Leave Costs Only

US-Canada Proxy
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Migration Rate (Gross)

US-Canada Proxy
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Return Costs Only
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Migration Rate (Gross)

US-Canada Proxy
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Flow Costs Only
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Migration Rate (Gross)
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All Costs
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US-Canada Proxy

147
|

Migration Rate (Gross)

All Costs

wip = —((bp(=1+ Bp)(0 +7) + Br(6 + 7+ qrbr)(cr — yr)) /(0 + 7 + Brartr))

wie = (((=148u)0qu0u(—bu (0+7)+ BucaquOu+7ra (0+71+qu0u) — Buqubuyn))/ (0+
7+ Baqubu) + (0 +7)(=(1 = Bu)r(=br + quOu(Tru /(6 + 1) + drm)) + Bu(r + qubn)(—cn +
yu)))/(r(6 +7) + qu (6 + Bur)n)

wig = (=14 Br)bur (6 +1)(6 + 7 + Brarbr) + (6 + 1)(=brdqrtr + (0 + r)(Tru +
artrdrn)) — Brarrde(—cp(d + 1+ qrlr) + (0 + 1) (Trr + @rOrdrm) + (6 + 1 + qelr)yr) +
Br(brdqr(d + 1)0r + cp(d + 1+ qrlr)(r(d + 1) + dqrlr) — (6 + )0 + 1 — qrbr)(Trm +
arr¢rn) = (0+7+qr0r)(r(0+7)+0qr0rF)yr))/((0+7+ Brarlp) (r(6+7)+qr (64 Brr)ir)))

wity = (=bu(=1+ Bu)(6+r)+ (6 +r+qubn)(—Tru + Bu(—cu + Tra +ym)))/ (0 + 1+
Braubu)

whp = (=bp(=148r)(0+7)+(0+7r+qr0p) (—Tur+Br(—cr+Tar+yr)))/(0+7+Brqrbr)

witp = (=1 + Bu)doqubOu(=bu (6 + 1) + BuquOu(cu — yu))) /(0 + 7 + Buqubn) + (0 +
) (—=(=1+Bu)r(br —Tar —qu0n0ur)+Bu(r+quu)(—ca+ymu)))/(r(6+r)+qu(0+Bur)u)

wfIH = (((—1 + ﬁp)éqFHF(—bF((S + T‘) + (5 +7r+ QFGF)THF + BFQFGF(CF — yF)))/((5 +7r+
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BrarOr) — (0 +7)(=(1 = Br)r(bu — (qpbrTur) /(6 + 1)) + Br(r + qror)(cr — yr)))/(r(d +
)+ qr(0 + Brr)0r)

wiiy = —((ba (=14 Bu)(0 + 1) + Bu(d + r + qubu)(ca — yu))/(0 + 7 + Buqubu))

156



