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Abstract

Free movement of labour across borders can influence business cycle dynamics in the affected
countries. This paper studies the macroeconomic implications of temporary migration us-
ing a two-country dynamic stochastic general equilibrium model calibrated to represent the
“old” EU Member States (EU15) and the “new” Member States (NMS12). The model in-
troduces fully endogenous temporary migration and combines it with search-and-matching
frictions in labour markets. Workers migrate temporarily in response to differences in labour
market conditions and wages, allowing productivity shocks to affect local labour supply. The
results show that productivity shocks in the host economy attract temporary migrants and
increase labour supply. This migration response amplifies output fluctuations while leaving
inflation dynamics largely unaffected. Migration also smooths wage responses but increases
the volatility of employment. At the same time, temporary migration dampens the macroe-
conomic effects of productivity shocks in the sending economy by redistributing labour across
regions. These findings highlight the role of labour mobility as an adjustment mechanism
within an integrated economic area and suggest that cross-border migration can significantly

shape business cycle dynamics in Europe.
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Non-technical summary

Labour mobility has become an increasingly important feature of the European economy, partic-
ularly following the enlargement of the European Union and the gradual removal of restrictions
on cross-border labour movements. Since the mid-2000s, migration flows from the Central and
Eastern European Member States to the older EU economies have increased substantially. These
developments have influenced labour market conditions, wage dynamics and macroeconomic de-
velopments across Europe. Despite their importance, cross-border labour movements are rarely
incorporated explicitly into the macroeconomic models commonly used to analyse business cycle

dynamics and policy transmission in Europe.

This paper contributes to addressing this gap by developing a macroeconomic framework
in which temporary migration arises endogenously as part of the economic adjustment process.
The analysis is conducted in a stylised two-region model representing the “old” EU Member
States (EU15) and the “new” Member States from Central and Eastern Europe (NMS12). In
the model, workers may temporarily move between countries in response to differences in labour
market conditions, wages, and employment prospects. Migration decisions therefore reflect eco-
nomic incentives rather than being imposed exogenously. At the same time, migrants maintain
economic links with their home country through remittances and investment decisions, capturing

the temporary character of many migration flows observed in Europe.

The framework allows the interaction between labour mobility and macroeconomic develop-
ments to be analysed in a coherent setting. In particular, the model highlights how migration
can affect the business cycle dynamics and the adjustment of labour markets, output and do-
mestic demand in both sending and receiving economies. The model is calibrated to reflect key
structural features of European economies, including differences in productivity levels, labour

market conditions and institutional arrangements between the EU15 and the NMS12.

The results suggest that temporary migration can significantly influence the macroeconomic
adjustment of both receiving and sending economies. When economic conditions improve in a
receiving economy, stronger labour demand attracts workers from abroad. The resulting inflow
of migrants increases labour supply and enables firms to expand production more rapidly. As a

consequence, economic expansions in receiving economies can become more pronounced. At the
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same time, migration tends to moderate wage pressures, as firms have access to a larger pool
of workers. Through this mechanism, labour mobility can affect both labour market outcomes

and inflation dynamics.

In sending economies, migration can act as an adjustment mechanism that alleviates labour
market pressures. When economic opportunities improve abroad, some workers leave the do-
mestic labour market, reducing unemployment and increasing wages for remaining workers. Mi-
gration therefore allows part of the economic adjustment to occur through labour flows rather
than through large changes in wages or employment levels. As a result, migration can smooth

macroeconomic fluctuations in sending economies.

The analysis also shows that labour mobility can alter the volatility and persistence of
macroeconomic fluctuations. In receiving economies, migration tends to amplify fluctuations in
output and domestic demand by strengthening the response of employment and labour supply
to economic shocks. In contrast, in sending economies migration may dampen fluctuations in
output by easing labour market adjustment. At the same time, stronger cross-border labour
mobility increases the degree of economic interdependence between countries, making domestic

developments more sensitive to shocks originating abroad.

These findings have implications for the analysis of macroeconomic developments and policy
transmission in the European Union. Even when migration flows are relatively small compared
with the overall population, they can play an important role in shaping labour market dynam-
ics and the cross-border transmission of economic shocks. In particular, labour mobility may
influence the way in which economies respond to productivity shocks, financial disturbances
and other macroeconomic developments. Migration flows may amplify economic expansions in
receiving economies while helping to stabilise labour markets in sending economies. At the same
time, stronger labour mobility increases the extent to which shocks in one country may spill over

to others.
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1 Introduction

Interest in international migration and its consequences for labour markets has often been stim-
ulated by large migration waves. Examples include migration between Mexico and the United
States (U.S.) throughout the twentieth century, movements from Russia to Israel in the 1970s
and 1990s, the arrival of guest workers in Western Germany between the 1950s and the 1970s,
and migration between Eastern and Western Germany following reunification in 1989. The topic
re-emerged prominently in the economic debate around the 2004 enlargement of the European
Union (EU), which triggered a surge in cross-border labour mobility within Europe. And yet,
more often than not, this interest fades thereafter. Despite its potential importance for macroe-
conomic adjustment, however, labour mobility remains largely absent from the macroeconomic

frameworks commonly used to analyse business cycle dynamics and policy transmission.

This paper studies the macroeconomic role of temporary labour migration between eco-
nomically integrated regions. In particular, it examines how migration between countries with
substantial income differentials but open labour markets affects business cycle dynamics in both
sending and receiving economies. The analysis is motivated by the experience of the Euro-
pean Union following the 2004 enlargement, which led to a substantial increase in cross-border
labour mobility as immigration restrictions for citizens of the accession countries (NMS12) were

gradually relaxed.

The paper develops a two-country dynamic stochastic general equilibrium (DSGE) model
with endogenous temporary migration between regions. The framework explicitly incorporates
labour mobility, remittance flows, and search-and-matching frictions in labour markets, allow-
ing migration decisions to respond endogenously to macroeconomic conditions. This makes it
possible to analyse how migration interacts with productivity shocks, labour market conditions,

and capital accumulation in both host and source economies.

The main findings are threefold. First, even relatively small migration flows can significantly
affect macroeconomic fluctuations when labour mobility responds endogenously to economic con-
ditions. Second, temporary migration amplifies business cycle fluctuations in receiving economies
while dampening them in sending economies. In particular, following productivity shocks in the

host region, immigration increases labour supply and strengthens labour demand, thereby am-
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plifying output and employment responses while moderating wage pressures. Third, migration
substantially strengthens macroeconomic interdependence between the two regions, altering the
transmission of shocks across economies. Labour mobility should therefore be viewed not only
as a structural feature of integrated economies, but also as an important propagation mechanism

of macroeconomic shocks.

Modern post-enlargement migration differs from earlier European migration waves along
several dimensions. It coincides with increasingly favourable conditions for intra-EU mobility,
as transport and communication costs declined substantially (Briicker et al., 2009). Moreover,
migrants from the NMS12 are generally well educated, exhibit high employment rates - often
exceeding those of natives - and are less dependent on welfare programmes than earlier immi-
grant cohorts in EU15 countries (Heinz and Ward-Warmedinger, 2006; Saleheen and Shadforth,
2006; Blanchflower et al., 2007; Barrett and Duffy, 2008; Lemos and Portes, 2008; Zaiceva and
Zimmermann, 2008; Briicker et al., 2009; Blanchflower and Lawton, 2010; Kahanec et al., 2010;
Dustmann et al., 2010a).

An important feature of this migration is its predominantly temporary character. Tempo-
rary migrants are workers who, at the time of moving, intend to return to their home country
and occasionally do so. They are therefore more likely than permanent migrants to maintain
consumption and investment patterns similar to those of stayers and, motivated by concern for
household welfare at home, to send remittances (Budnik, 2011). This distinction matters for
macroeconomic analysis. When migration is permanent, its effects can be approximated - albeit
imperfectly - by population shocks in macroeconomic models. By contrast, temporary migra-
tion involves distinct settlement plans, consumption patterns, and labour market behaviour, and

cannot easily be reduced to simple changes in population.

The value added of this paper lies precisely in its explicit focus on temporary migration in a
business-cycle framework. Earlier attempts to incorporate labour migration into DSGE models
- such as Canova and Ravn (1998), Chortareas et al. (2008), Binyamini and Razin (2008), and
Engler (2009) - typically treat migration as an exogenous shock affecting population growth or
1

composition, or assume that migration is driven by exogenous factors such as foreign wages.

In related DSGE frameworks that incorporate remittances, including Chami et al. (2006) and

'In addition, Canova and Ravn (1998) and Chortareas et al. (2008) consider economies that are closed to both
trade and capital flows.
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Acosta et al. (2009), remittance flows are introduced in an ad hoc manner to replicate their
assumed cyclical properties. By contrast, this paper models labour mobility and remittances
jointly, from both the sending and receiving country perspective, in a framework with endogenous

migration decisions.

The analysis is also distinct from the international trade literature on labour mobility. Stan-
dard trade models, such as Ramaswami (1968) and the Heckscher-Ohlin framework, allow labour
migration to arise endogenously but focus on long-run adjustment and typically abstract from
financial markets, frictions, and transition costs.? They also rely on homothetic preferences
across workers, which effectively gives migration a permanent character and underpins the sub-
stitutability between capital mobility, international trade, and labour mobility.? In such set-
tings, migrants have no incentive to send remittances. By contrast, the framework developed
here incorporates unemployment, price stickiness, habit formation, capital adjustment costs,
and endogenous temporary migration.? Differences in consumption patterns across countries
also reduce the substitutability between imports and immigration that characterises standard

trade models.?

Labour markets are modelled following Mortensen and Pissarides (1994). Job search is costly
and, together with matching frictions, generates equilibrium unemployment.® The search-and-
matching framework accommodates institutional differences across labour markets, as unem-
ployment in equilibrium can reflect differences in labour market institutions across countries.
Here, unlike in the standard search-and-matching model, unemployed workers can search for

employment both domestically and abroad.

2Ramaswami (1968) and the Heckscher-Ohlin model capture only the long-run consequences of labour mobility.
In particular, factor price equalization - or even convergence - is unlikely to arise in the short run (Leamer and
Levinsohn, 1995; Hanson and Slaughter, 1999).

3This result holds as long as there are no persistent differences in technology, business environment, labour
market institutions, or infrastructure across regions (Saavedra-Rivano and Wooton, 1983; Kuhn and Wooton,
1987).

4Price stickiness allows for non-trivial responses of output to monetary policy. Capital adjustment costs
increase the persistence of responses to shocks, particularly in the presence of labour market frictions (den Haan
et al., 2000) and may also affect wage responses to migration shocks (Ottaviano and Peri, 2006). Other frictions
play a secondary role and primarily facilitate calibration without qualitatively altering the main results.

SEmpirical evidence suggests some complementarity between migration and trade, with migration tending to
increase trade flows - particularly imports into host countries (Gould, 1994; Head and Ries, 1998; Rauch and
Trindade, 2002; Dunlevy and Hutchinson, 1999; Blanes, 2005; White, 2007; Foad, 2009).

5Yashiv (2006) shows that search-and-matching models replicate well the volatility and persistence of labour
market variables such as unemployment, employment, hires, and job-finding rates in the U.S. Early attempts to
integrate search and matching frictions into otherwise standard RBC models include Merz (1995) and Andolfatto
(1996); examples within one-country DSGE models include Trigari (2009), Walsh (2005), Krause and Lubik
(2007), and Gertler et al. (2008).
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In the model, firms may employ either natives or immigrants. These workers are close
substitutes in production but may differ in productivity. They fallback positions may also
differ because of differences in consumption patterns or access to unemployment benefits. To
model labour demand in the presence of these two types of workers, the analysis builds on the
partial equilibrium approaches of Pissarides (1992) and Ortega (2000). Firms post vacancies
that may be filled by either natives or immigrants, but they cannot distinguish between them
ex ante. New employees are drawn randomly from the pool of unemployed workers in the local
labour market,” and only during wage bargaining do firms observe the worker’s nationality and
determine the wage accordingly. Consequently, the presence of immigrants in the labour market
may either encourage or discourage vacancy creation depending on the relative value of jobs

filled by immigrants versus natives.

The additional externality introduced through this specification of labour demand® can miti-
gate or even reverse the negative effects of immigration on the wages and employment of natives,
even when firms can easily substitute between workers and cannot adjust along the production
frontier. The model is therefore consistent with evidence showing no adverse effects of immi-
gration from the NMS12 on wages or unemployment among EU15 natives (Briicker et al., 2009;
Blanchflower et al., 2007; Lemos and Portes, 2008; Dustmann et al., 2010b) and with earlier
findings for other migration waves summarized by Longhi et al. (2006), Longhi et al. (2008),
and Longhi et al. (2009).” The externality plays a similar role as the “greasing the wheels”
mechanism of Borjas (2001) and the argument in Dustmann et al. (2013) that immigration
may improve labour market outcomes for natives when it raises firms’ surplus. Unlike in those
frameworks, however, labour markets here always clear and all workers are paid their marginal

product.

Immigration is defined as the presence of natives of one country in the labour market of an-
other country, while emigration corresponds to workers belonging to a household in one country

who seek employment abroad. In the long run, a positive migration rate may persist due to

"Hence, the model assumes identical matching probabilities and employment rates of immigrants and natives.

8The two externalities present in the standard model and in this framework are trade and congestion exter-
nalities. The trade externality makes it easier for workers and firms to find appropriate matches as more agents
search on the opposite side of the market. The congestion externality makes it more difficult for a marginal worker
or firm to find a job or an employee, respectively, when more agents compete for the same opportunities.

9The mechanism is also supported by the findings of Bodvarsson et al. (2008), who revisit the Mariel Boatlift
episode originally analysed by Card (1990) and show that the decline in wages in Miami following the inflow of
Cuban workers was moderated by a positive effect of immigration on labour demand.
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earnings differentials driven by differences in productivity levels and labour market institutions
across countries. At the same time, migration costs prevent excessive labour movements. First,
the limited transferability of country-specific skills and job experience places immigrants at a
disadvantage relative to natives. Second, workers face one-off costs associated with relocation,
such as transportation and accommodation expenses. Finally, emigrants experience the psycho-
logical and social costs of separation from family and friends, which are captured in the model

through a home-attachment term in the utility function.

Three additional features deserve note. First, labour mobility and capital accumulation are
subject to different adjustment costs, implying distinct short- and long-run dynamics. Capital
accumulation mainly involves set-up costs, so capital supply is highly inelastic in the short
run but perfectly elastic in the long run. Labour migration, by contrast, involves both one-off
relocation costs and permanent costs associated with living away from home, making local labour
supply relatively elastic in the short run while nearly fixed in the long run. This feature allows
the model to capture the argument of Sinn (2000) that adjustment through labour migration
may occur faster than adjustment through capital accumulation, and is consistent with evidence
on the importance of labour mobility for regional adjustment and convergence (Blanchard et al.,

1992; Barro and Sala-i-Martin, 1992).

Second, the population in the model is homogeneous, so migration selectivity is not consid-
ered. This choice contrasts with frameworks such as Baldwin and Venables (1994), where only
skilled workers migrate, and treat low-skilled immigrants and high-skilled natives as separate

factors of production.

Finally, the model is sufficiently general to analyse migration flows between any two regions,
but its structure is particularly well suited to capturing the dynamics of European economies.
First, the model assumes no significant differences in the skill composition of populations in

10" Then, for illustrative purposes the model is calibrated to

sending and receiving regions.
represent the NMS12 (as the sending region) and the EU15 (as the receiving region).!! Given

these features, the results of the analysis directly inform the discussion of two key EU policies:

10The relatively high education level of recent European migrants raises doubts about modelling immigrants
and natives as distinct factors of production with systematically different skill levels.

"The model is calibrated rather than estimated due to the scarcity and generally poor quality of data on
migration flows between the EU15 and NMS12. In addition, sufficiently long time series for key macroeconomic
variables for the NMS12 (in aggregate) are limited. For these reasons, the performance of the calibrated model
cannot be directly compared with the data ex post.
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the free movement of labour and the enlargement of the Union to less developed economies.

The study also fills a gap in the literature on post-enlargement migration, where compar-
atively little attention has been devoted to business cycle dynamics in sending and receiving
economies. Barrell et al. (2010) analyse the macroeconomic impact of post-accession immigra-
tion in recipient countries up to 2007, while Blanchflower et al. (2007) and Barwell (2007) draw
related implications for monetary policy. These contributions, however, focus primarily on im-
migration during economic expansions, emphasising its role in alleviating labour shortages or
moderating inflationary pressures. Only the global financial crisis shifted attention toward the
role of migration in absorbing recessionary shocks. In this context, studies such as Blanchflower
and Lawton (2010) and Ahearne et al. (2009) examine the experience of the United Kingdom
(UK) and other EU15 economies during the downturn. The framework developed here pro-
vides a broader account of how temporary migration shapes macroeconomic adjustment over

the business cycle.

The remainder of the paper is structured as follows. Section 2 presents the structure of
the model. Section 3 describes the calibration strategy. Section 4 analyses the steady-state
solution of the model and relates it to existing evidence on the long-run effects of migration.
This section also clarifies the difference between a migration-preference shock in the model with
endogenous temporary migration and a population shock. The following section presents the
dynamic responses of the economies to productivity shocks under both open- and closed-border

regimes. Section 6 reports robustness checks. The final section concludes.

2 Model

The population of the two economies is normalized to one. A fraction ¢ of individuals are born
in the home country (denoted by H), and 1 — ¢ in the foreign country (denoted by F'). For
brevity, the model description is presented primarily from the perspective of the home country

H; the full set of equations is provided in Annex A.

Individuals may work or search for employment in either economy, but only in one location at

H

a time. At the beginning of each period there are u’ unemployed natives and «/ unemployed

immigrants in country H. These workers respond to job offers posted by local firms, and a
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fraction of them find employment during the period. Those who fail to obtain a job, @/’ and @’
respectively, may remain in the local labour market and continue their search in the next period,
or relocate to country F' and search for work there. Symmetrically, unemployed workers in F'
face the same options. At the end of each period, a fraction of existing jobs is destroyed, and

workers who lose their jobs enter the pool of unemployed workers in their country of residence.

2.1 Workers

The instantaneous utility of worker j depends on consumption c;, labour supply, and the lo-
cation of residence. Workers compare their consumption to the average consumption of their
compatriots ¢. Consequently, temporary migrants evaluate their consumption relative to stayers
rather than relative to residents of the host country, consistent with the framework proposed by

Stark and Taylor (1991).

Labour supply is inelastic: workers either work or remain unemployed. The disutility asso-
ciated with working is normalized to x > 0 for natives of country H and x* > 0 for natives of
country F'. In addition, workers experience a welfare loss when residing abroad. The disutility
of living abroad in a given period is denoted by v > 0 for workers born in H and v* > 0 for

workers born in F. The disutility evolves according to:

vr = (1= hy)v + hove—1 + €pyt (1)

where €, is an i.i.d. shock to migration preferences with standard deviation ¢“, and h,, governs
the persistence of these shocks. The home-attachment term captures the social and potentially
financial costs associated with separation from family and friends or with difficulties in integrat-
ing into a new cultural environment. This assumption is important because it limits the scale

of labour migration even when income differentials between countries are substantial.

The utility of worker j is therefore given by

(cjp —he 1)

1—0

Uje = = x(njy +ni) — v iy + wjl) (2)

where o > 1 is the inverse of the intertemporal elasticity of substitution and h denotes the
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degree of external habit formation.

The variables nf, nf’* and @!’* are indicator functions that take the value one if a worker
g J

born in H is employed at home, employed abroad, or unemployed abroad, respectively. If the

worker is employed, then nJH + nJH* = 1, and the worker experiences the disutility of labour

x regardless of the job location. Similarly, if a worker resides abroad - either employed or
Hx*

unemployed - then n;™ + ﬂf * =1, and the worker incurs the disutility v.

Worker j maximizes expected lifetime utility:

oo
H _Hx —H —H _
Vjﬂf = E ﬁtU(Cjiv gt nj,t*v st uj,t*|0’ X Uts Ct—l) (3)
t=0

where f is the individual discount factor.

The utility function for a worker born in country F' is analogous. The only difference is that
the consumption basket ¢* may differ from ¢, whereas the intertemporal elasticity of substitution

and the discount factor are assumed to be identical across workers from the two countries.

Workers pool their income with other members of their native household,'? Together with the
separability of consumption, labour effort, and home attachment in the utility function, income
pooling implies that all members of a household share the same marginal utility of wealth and

therefore choose identical consumption levels, regardless of their employment status.

Importantly, workers are assumed to enter this insurance arrangement with members of
their native household rather than with workers residing in the host country. This assumption
introduces remittances into the model. In this framework, remittances reflect the constrained

altruism motive described by Stark (1995).

Emigrants reside and supply labour abroad but invest and consume only in their home coun-

try. The resulting home bias in investment is attributed to the temporary nature of migration.!?

This assumption is consistent with empirical evidence of a home bias in the asset holdings of

12This corresponds to the existence of state-contingent securities that insure workers against fluctuations in
individual income. It is a common assumption in models with labour market frictions, e.g. Merz (1995), and
simplifies the aggregation of individual decisions.

13Binyamini and Razin (2008) and Engler (2009) similarly assume that emigrants transfer all their earnings
to their home country. By contrast, Canova and Ravn (1998), and later Chortareas et al. (2008), assume that
immigrants spend their earnings in the host economy but, being liquidity constrained, do not invest.
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temporary migrants (Dustmann and Mestres, 2010).

The assumption that migrants purchase consumption goods exclusively in their home country

is a modelling simplification, which is relaxed in the robustness analysis.

The representative household in country H owns capital k and rents it to domestic firms,
earning the return . The household also owns domestic firms and receives their profits. In
addition, it holds domestic government bonds that yield a nominal return . These bonds are

risk-free: they are paid at the beginning of period ¢, while their yield is known at time ¢ — 1.

The per capita budget constraint of the representative household in country H is given by:

) b W, by © T, X Xr
citirt — < rF k(U r)—p Zy rlt
Pt bt bt bt Pt Dt by

(4)

where ¢ denotes per capita consumption, ¢ per capita investment, b per capita holdings of
government bonds, and k the per capita capital stock. © denotes per capita firm profits, e is
the real exchange rate, p the consumer price level in country H, and p* the consumer price level
in country F'. The variables ¢ and t* represent the labour income tax rates in countries H and
F, respectively, while 7 denotes the per capita lump-sum tax levied on domestic households by

the government.!®

The variable X represents the per capita cost of migration incurred by workers born in H
when moving between regions. These costs are assumed to be transferred to foreign households.!
Similarly, X* denotes the total migration costs incurred by workers born in country F', which are
transferred to households in H. Finally, the representative household is subject to a standard

non-Ponzi constraint on its bond holdings.

Employed workers born in H earn the wage w? when working in their home country and w!*

when employed in country F'. Unemployed workers born in H receive unemployment benefits

M This simplification may overstate the supply-side effects of immigration relative to its impact on aggregate
demand, shift part of the home-bias effect from trade flows to remittances (while leaving the current account
broadly unchanged), and imply that migration decisions are independent of price level differences between host
and home economies.

15The labour income tax should be interpreted as the total tax wedge, including both taxes and social security
contributions paid by employers and employees. This tax is included to allow increases in labour supply to raise
government revenues in a setting where lump-sum taxes are paid only by natives.

16This transfer can approximate the presence of foreign ownership in sectors providing services to migrants,
such as recruitment agencies, housing intermediaries, or transportation companies.
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Hx

equal to v when searching for work in the domestic labour market and v** when searching

abroad. The labour income of the representative household in country H is therefore given by:

W, ,wH ,wH* VH VH*
— =1 —t)—Enfl +ef(1—t)—Lnf* + afl e L -uf (5)
Dt Dt p bt Dy

Migration in the model is defined as the presence of natives of one country in the labour
market of another country. It can be measured either by the emigration rate in the source
country or by the immigration rate in the host country. The emigration rate in country H is

defined as the share of temporary emigrants from H in the total population of that country:

n{{*—l—u{{*
nf! +ufl +nf* +uff*

(6)

The immigration rate in country H is defined as the ratio of temporary immigrants to the

total number of residents in that country:

nf" +af
nfl +afl +nf" +af

(7)

When migration occurs, income transfers arise between the two economies. These transfers
are interpreted as remittances and are defined as:
Hx y > F F

w w v
T, =el(1 —t")—L—nf* 4 er gl — (1 —t)—Lnl + L@l 8
t( ) p: t t pz( t ( )pt t P t ( )

2.2 International Financial Markets

Households in the home and foreign economies trade a complete set of state-contingent securities
that deliver one unit of the home or foreign currency in each state of nature. Under this market
structure, the marginal utility of consumption of households from country H is proportional
to that of households from country F' in every state of nature and at every point in time.
The proportionality factor includes a wedge € reflecting differences in the initial distribution of

wealth.

Under perfect risk sharing, the real exchange rate e” is therefore given by
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*

-\
ey = 5)\4; (9)

where )\; denotes the shadow value of consumption for households from H (the Lagrange multi-
plier associated with the household budget constraint (4)) and Af is the corresponding shadow

value for households from F.17

2.3 The Cost of Adjusting Capital

The law of motion for the capital stock owned by the representative household in country H is

given by:

bt = (1= ke + (1 =5G22 (10)

where 6 denotes the depreciation rate of capital. The function S(-) describes the technology

through which current and past investment are transformed into installed capital.

The function S(-) captures capital adjustment costs and takes the form:

Sy =S gy (1)

111 20

When S > 0, this specification satisfies the conditions proposed by Christiano et al. (2005),
namely S(1) = S’(1) =0 and S”(1) > 0.

2.4 Production Sector
2.4.1 Final Goods Firms

The final good Y is produced by perfectly competitive firms that aggregate intermediate goods

produced domestically, ¥, and imported goods, y*", according to:

Perfect risk sharing guarantees the stationarity of the real exchange rate and simplifies the solution of the
bargaining problem between firms and immigrant workers. Schmitt-Grohe and Uribe (2003) show that models with
perfect risk sharing display business-cycle properties similar to those obtained under alternative mechanisms such
as foreign-debt elastic risk premia, discount factors that depend on consumption, or convex portfolio adjustment
costs.
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Vo= (@ )T+ (- ) ) e (12)

Domestic and imported goods are imperfect substitutes with elasticity of substitution ¢. When

a > 0.5, consumer preferences exhibit home bias toward domestically produced goods.

The final good is used for private consumption ¢, investment ¢, and government consump-
tion g:
Yi=a+ict+g (13)

Cost minimization by final goods producers implies the following demand functions for do-

mestic and imported goods. Demand for domestic goods is given by:

pl
a(=-)"%, (14)
bt
while demand for foreign goods is:
oF
(1—a)(2) 7Y, (15)
bt

Intermediate goods consist of differentiated varieties produced by monopolistically compet-

itive firms. The composite domestic and foreign intermediate goods are defined as:

m_ (N[ gy e
W= () [ Wi a (16)

1 [t [ I
o = (()* [ )T ) (1)

The number of monopolistically competitive firms is normalized to ¢ in country H and 1 —¢
in country F'. The parameter € denotes the elasticity of substitution between varieties produced
in H, while €* denotes the elasticity of substitution between varieties produced in F'. Following
Corsetti et al. (2008), it is assumed that ¢ is relatively low and, in particular, smaller than

the elasticity of substitution between varieties produced within each country. This assumption
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captures the product specialization observed across economies.

The price of the domestic intermediate goods bundle in country H, denoted by p¥, is defined

as the minimum expenditure required to purchase one unit of the composite good y*:

pi = ((1)/;(]97{{%)1_6612') e

Similarly, the price index for imported intermediate goods in H, denoted by pf', is:

1
1—1¢

1 1
pra— / (b1 di) e (19)

Finally, the price of the final consumption good produced in country H is given by:

1

pe = (alpy)' ™+ (L= a)(p{)' %) =2 (20)

2.4.2 Intermediate Goods Producing Firms

Intermediate good firm ¢ employs labour and rents capital to produce a differentiated good

according to the production function:

yit = Ak (21)

2

The aggregate total factor productivity index evolves according to:

At =haAi 1+ (1 —ha)A+eay (22)

where A denotes the steady-state level of total factor productivity and e4; is an exogenous

productivity shock with standard deviation o*.

Firms may employ either native or immigrant workers. As argued by Ottaviano and Peri
(2006), immigrant and native workers may differ due to the selectivity of migration processes,

which may result in differences in skills, motivations, or occupational choices. These differences
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may arise from culture-specific traits or from sorting across labour market segments. To capture
this possibility, natives and immigrants are assumed to be close but imperfect substitutes in
production. The elasticity of substitution between them is therefore assumed to be large but
finite, with p < 400 representing the inverse of the elasticity. Aggregate labour input is defined

as:

—p 1
Nt = ((nfﬁ)l_” +W(n5t)1 p)lf” (23)

)

where w captures potential productivity differences between immigrants and native workers
performing similar tasks. In particular, w < 1 may reflect incomplete transferability of country-
specific skills and work experience (Chiswick, 1978), as well as the lower incentives of temporary
migrants to invest in host-country-specific human capital when their expected duration of stay

is limited (Dustmann, 1993; 2000).

Each firm produces a differentiated variety and operates in a monopolistically competitive
market, implying a downward-sloping demand curve for its product. Firms set prices taking
local demand conditions into account, which results in pricing-to-market behaviour. Demand

for variety 4 in the domestic market is given by:

1. pf
H ity—e, H
Yit = (*)(T{) Y (24)
L py
while export demand is:
Hx
1 Piv _
Hx 2 Hx
Yix = (1 — L)(pfl*) Yy (25)

where ylH denotes domestic sales, yZH * exports, and total production satisfies y; ; = y{{: + yﬂ*.

Firms face quadratic costs of adjusting prices, following the formulation proposed by Rotem-
berg (1982).18 Steady-state inflation is assumed to be zero in both economies. The price ad-

justment costs are given by:

18Using the Rotemberg (1982) specification instead of Calvo (1983) eliminates price dispersion across firms and
simplifies aggregation when wage and price setting occur within the same firm.
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wli= 50 -1 (26)
R i
Heo T (55— 1) (27)

The parameter 1) governs the degree of price rigidity in country H, while ¢* governs price
rigidity in country F'. These adjustment costs apply equally to domestically and foreign-owned

firms; hence nominal rigidities are country-specific rather than firm-specific.

2.5 The Cost of Adjusting Employment

In each period, m® new jobs for natives and m new jobs for immigrants are created. Newly
hired workers begin participating in production within the same period in which they are em-

ployed, as in Blanchard and Gali (2008) and Gertler et al. (2008).1

At the end of each period, jobs are exogenously destroyed at rate s. The number of jobs

held by native workers at firm ¢ evolves according to:

nﬁ =(1- s)nﬂ,l + mfft (28)

and an analogous law of motion holds for immigrant workers:

2.6 Profits

Let Rﬁ = pﬂylHt denote the revenues of firm ¢ from sales in the domestic market, and Rﬁ* =

Pt
t pf

Hx
Ri,t .

Hx, H : _ pH
et +Pi+ Yiy~ the revenues from exports. Total firm revenues are therefore given by R;; = R;3 +

19 Assuming instantaneous employment adjustment - either as specified here or through endogenous job de-
struction as in Krause and Lubik (2007) - helps reconcile search-and-matching labour market dynamics with
observed price stickiness. Moreover, Walque et al. (2009) argue that representing employment as a jump variable
is appropriate in models calibrated at lower frequencies, such as quarterly frequency.
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To recruit workers, firms post vacancies at a cost proportional to revenues, expressed as a

fraction & of total revenues. The instantaneous profit function of firm ¢ is therefore:

H F H Hx
it Riy Wiy g wiy pogBhy g B Ry p K} 30
o= m o M~ T i~ Vi — Ve o — RVt — T R (30)
Dy Dy Dy 2 b Py Py 2

The firm chooses pfi, ¢, p*i, t, nfi, t,n%i,t, V;.¢, ki ¢ to maximize expected discounted profits:

(31)

Y
By Y Ao p;}t

subject to the demand constraints (24) - (25), the technological constraints (21) - (23), and the

employment dynamics (28) - (29).

The firm’s stochastic discount factor is given by:

. _snpfl ope pi pr
Apg = B 2L (ZLy=1 = A, L (EEy—1 32
ts =B X pg(ps) t’spgf(ps) (32)

2.7 Labour market
2.7.1 Matching Technology

Firms post vacancies without knowing whether they will be matched with native or immigrant
workers. Consequently, the probability that a worker is matched with a job depends only on
the total number of unemployed workers and the number of vacancies in the economy, and not

on worker nationality.
The matching process is described by a constant-returns-to-scale matching function:
m(ug,vy) = musv; (33)

Let labour market tightness be defined as 6; = % Firms meet unemployed workers at rate:

g(6,) = ™) (34)

Ut
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while unemployed workers find employment with probability 6;q(6;).2°

2.7.2 Labour Demand and Vacancies

Firms learn the nationality of a worker only during wage bargaining. The expected profit from a
newly created job therefore depends on both worker productivity and wages, the latter reflecting

the worker’s outside option.

The first-order conditions determining labour demand for native and immigrant workers at

firm 7 are:

H
it

. n; w ~
TH = ame; 2t (Ziye _ WL By (Reyaa(1 - 5)JH) (35)
i Ny Dy
Yit Mt U’Ft =
i, 7, 7,
Jzﬂ = awmci——( = )P — = + B (At+1,t(1 — S)JZ-};H) (36)
Mg Ny Dy

where mc is the Lagrange multiplier associated with the production constraints (21) - (23), J
denotes the multiplier on the employment law of motion for natives (28), and J* the multiplier

associated with immigrant employment (29).

Firms observe the composition of unemployment in the labour market. Let 1 denote the
share of unemployed natives among all unemployed workers searching in the labour market of
country H:

H
Uy

—_— 37

U

Firms post vacancies until the expected value of a filled vacancy equals the cost of posting

it. The vacancy posting condition is therefore:

=B (1) I (38)

where k;; = /751;}2; and the left-hand side represents the expected cost of filling a vacancy. The
t

20The assumption that firms cannot distinguish between natives and immigrants also implies equal employment
H uF
t

F F
ny +uy

and unemployment rates for both groups, i.e. n:f‘fut = nHu—;f-u
g t t
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right-hand side captures the expected value of a match.

The dependence of labour demand on the expected value of jobs filled by natives and im-
migrants introduces an additional externality in the model. If immigrant workers have weaker
outside options relative to their productivity, the net surplus from employing them may be
higher. In such a case, an inflow of immigrants raises the expected value of a vacancy and may

increase the demand for both types of labour following an immigration wave.

2.7.3 Labour Supply

The value function of a household member employed by local firm ¢ in country H is given by:

wih
Wit =(1—1)— - IVl
Dt ¢ (39)

Ey (At+1,t((1 — )W+ sl = Or1q(00) VA + S‘9t+1Q(9t+1)Wtﬁ1)>

where V' denotes the value function of an unemployed household member searching for work in

the domestic labour market. The value function of a worker born in H and employed abroad has

an analogous form, but includes the additional disutility term —K—i reflecting home attachment:
Hx
w; [¥)
WH* —er(1— ) —t - X Yty
’ Dy At At (40)

By (Avsra (1= WAL + 571 = 0000 )V + 510700(07,) W)

The value function of an unemployed worker searching for a job at home is:

H H
Vi Ly

Vi = P + Ei (At+1,t (Oer1q(0e) W, = V) + th—il)) (41)

where 2/ denotes the marginal nominal cost of moving from F to H for a worker born in H,
0X
outl "

The value function of a worker born in H and searching for work abroad is:
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Hx Hx

H v g T H H H
Vi = :;7; N ;t + By (At+1,t (0F19(05) (Wit — Vidt) + Vt+f)) (42)
where z/* is the marginal nominal cost of emigration for a worker from H.

2.7.4 'Wages

Workers and firms bargain over wages and split the match surplus along with the Nash bargaining

scheme:

H
max(WH — m)ﬂ(%J{{)l—ﬂ (43)

where i denotes the worker’s share of the surplus from a job match. The parameter u is country-
specific, so natives and immigrants receive the same share of the match surplus within a given

country.
The Nash bargaining solution implies:
H M i’ H
Wi —Vi=(—)(—J; 44
S-vi= (A (44)

The negotiated real wage, denoted by a tilde, is given by:

oH H H
w; v T
o1 - g -T2y
bt bt At Pt (45)
pf! Yit Mty A H
i (meiga—== (=) + 0+1q(01+1) (1 — 8) Ee(Arr1,6i51))
bt Mgt Mgy

where i = pu((1 — p)(1 —t) + p)~!. The negotiated wage is increasing in worker productivity,
the disutility of labour, and the outside option of the unemployed worker. The latter depends
not only on the level of unemployment benefits v, but also on the probability of finding a new

job, i.e. on labour market tightness 6.

Equation (45) also highlights the sources of wage differences between natives and immigrants.

First, the two groups may differ in their entitlement to unemployment benefits. Second, if
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immigrants originate from a poorer country, their marginal utility of consumption A may be

higher than that of natives, increasing their willingness to work at a given wage.

To generate sufficient volatility in employment and vacancies, the model incorporates a simple
form of wage rigidity (Hall, 2005; Shimer, 2005; Costain and Reiter, 2008). As in Blanchard
and Gali (2007) and Duval and Vogel (2012), persistence in real wages is introduced in an ad
hoc manner. That is, wage inertia is assumed to arise from ex post distortions rather than
from the underlying structure of preferences or technology, and therefore does not enter the
dynamic optimization problems of households or firms. The actual wage of a worker born in H
and employed in H is a weighted average of the Nash-bargained wage and the previous period’s

wage:?!

H H ~H
wW; Wy w;

e Lt Y | W) 24 (46)
Pt Pt—1 Pt

2.7.5 Migration Flows

After the worker-job matching process, there remain (1 — ¢(#))u” unemployed natives and
(1 — 0q(0))ur unemployed immigrants in country H. Similarly, in country F there remain
(1—6*q(6*))u!™ unemployed natives and (1 —6*q(6*))u’"* unemployed foreigners. At this stage,
unemployed workers decide whether to remain in their current country of residence or move

abroad. The following equilibrium conditions therefore hold:

il +ai" = (1 6q(00)uy’ + (1= 67q(07))ui™ (47)

a = (1= 0q(0F)u; + (1= Orq(0) uy’ (48)

Workers move across regions in order to maximize expected income. International migration
therefore arises in equilibrium when V7 = V,I* or VI* = V;F'. If both V;/ > V,* and V,}* > V,I'

hold, there is no labour migration. In the two corner cases, V,I < V,H* or V;* < V;F'| all workers

born in H migrate to F, or all workers born in F' migrate to H, respectively.

An important implication is that when either arbitrage condition, VI = V,* or VI* = V,I',

21 A similar form of wage dynamics can arise from microfoundations such as staggered real wage setting (Bodart
et al., 2005) or from the interaction of price and nominal wage stickiness (Erceg et al., 2000; Knell, 2013).
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is binding, emigration flows and wages in the source country are positively correlated. Workers
emigrate when the expected income abroad is sufficiently high. This raises the reservation wage

of unemployed stayers and may, in turn, feed through into higher wages in the source economy.

Cross-border migration entails costs, such as those associated with finding accommodation

22

abroad, travel, or the recognition and translation of documents certifying education and work
experience. These relocation costs are specified analogously to capital adjustment costs and

(49)

increase with the number of workers attempting to move at a given point in time:
t

2 Tw* j — * * * * 2 T‘w*
(1 —QtQ(Qt))Uf> etp—f = 5(“? - (1 _etqwt))uz{{ ) € *f
t t

—=3

X
t T (ﬂ fl _
Dt
Therefore, the marginal migration costs entering the value functions (41) and (42) are given

by:
:CH xH* w*
L= = a3 (af’ — (1 0,q(0n)ufl)ef — (50)
Dt Dt t

2.8 Monetary and Government Policy

2.8.1 The Monetary Authority
The monetary authority in country in H targets zero steady-state inflation and follows a Taylor

(51)

rule:
Ty = hﬂ“t_l + (]. — hr)(r + hﬂ-ﬂ't)

The parameter h, governs the degree of interest rate smoothing, h, captures the responsiveness

of monetary policy to deviations of inflation from target, and r denotes the steady-state nominal

interest rate.
22Introducing these costs smooths the dynamic response of temporary migration to shocks.

24
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2.8.2 The Government

The government purchases final goods, transfers unemployment benefits to households, issues
bonds, and levies income and lump-sum taxes. Government bonds are in zero net supply in the

domestic economy. The government’s period-by-period budget constraint is given by:

H F H F
1% v bi_ T, b w w
gt—l-L’L_LtH—i—iﬂf—Ftil(l—F’rt):*t—l-*t—l-t(itn,{{—l-itnf) (52)
Dt Dt Dbt bt Pt bt Dbt

Government consumption is assumed to be proportional to aggregate demand, with g de-

noting the ratio of government consumption to private absorption:

gt = hggi—1+ (1 — hg)g(ce + i) (53)

where h, governs the degree of inertia in government spending. The fiscal feedback rule for

lump-sum (non-distortionary) taxes ensures the government’s intertemporal solvency:

Tt Ti—1 T bi—1
— =hy—+ (1 = he)(= + hp— 4
Dbt Pt—1 ( )(P ’ bt ) ( )

where h. introduces persistence in fiscal adjustment and h; determines the extent to which the

government stabilizes the debt-to-output ratio around its zero target level.

Finally, unemployment benefits are assumed to be proportional to the average wage in the

economy, w:

The effective replacement rates, v, are allowed to differ between natives and immigrants. This
captures potential differences in demographic characteristics, limited knowledge of the welfare
system among temporary migrants, shorter contributory histories, or explicit restrictions on
non-natives’ access to certain benefits, for example when immigrants become eligible for some

transfers only after a minimum period of residence.
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2.9 Aggregate Equilibrium

In equilibrium, capital markets clear:

ky = / ki odli
0

Aggregate employment of natives and immigrants is given by:

L L
nf{:/ nftdi nf:/ nfjtdi
0 0

The total number of vacancies equals:

L
Ut:/ Ui’td’L'
0

while that of newly created jobs:

L L
H __ H ;. F _ F ;-
my —/ m;ydi my —/ m; di
0 0

The aggregate employment dynamics follow:

nf:(l—s)nﬁl—i-mf{

n{ = (1= s)ni_y+mi

(56)

(57)

(59)

(60)
(61)

Workers who were unmatched in the previous period, together with workers whose jobs are

destroyed in the current period, enter the unemployment pool:

H_ -H H
Uy = Up_g + SNy

F_ -F F
up = Upg SNy

In addition, the following equilibrium condition holds:
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all +alt* = —nlf —nl*

Aggregate firm profits are given by:

o' [0
Dbt bt Jo pfl

di

Market clearing in the final goods sector implies:

pH “m " H.H ' H
a(pL)—‘bY; :/ yi’tdi—/ '(/)i,tyi,tdi_/ KtY; Vit di
t
1—a* pz{{* 7¢>*Y*_ *d H*d ‘ H
( a®)( p*) t = yzt O 1/) yzt U /‘ity
t

pF* . 1
a* (=5 )Y :/ i,t*dl / i,t*dZ / ’%yzt Fopdi
by 1—¢ 11— 1—¢

pF ! F ! F ! F
(1- a)(—t)_(z’Yt = / Y di — / Yipdi — / Rt*yi7tvz-*7tdi
Dt 1— 1— 1—

2.10 Symmetric Equilibrium

(64)

In a symmetric equilibrium, all firms charge identical prices and produce the same quantity of

output. Consequently,

H _ . H
Pit = Py
H H
Py Dy
i =g =T +1
Pir 1 P
H _ . H
Yiy = Uy
H -1, H
Yig =L Yy

Firms therefore employ identical quantities of labour and capital,
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and post the same number of vacancies,

Vit = oy (76)

The cost of posting a vacancy becomes:

1/, H pH* H
Kig = ke = e (y)! + e ptH i) (77)
t

Under symmetry, the goods market clearing conditions (66)-(69) simplify to:

. _
Py = . _
o) et i 1) = off = P ! (73)
pf{* * H 7/_’* Hx\2, H 1,  H
(1—a") (== )"+ i+ gr) =y *_7(7% )yt — R vy (79)
t
* pf* —¢* (1 * % *\ _ , Fx w* Fx\2, Fx =5(1 -1, %, Fx S0
(=) "7 (cf +if +9f) =y _?(ﬂ't)yt — R (1 =) vy (80)
?

pF F
(1- a)(pi)_qb(ct ‘i +g) =y —
t

3 Model Calibration

The model is calibrated for the NMS12 as the home country and the EU15 as the foreign country.
Depending on parameter values, the model can be solved for a steady state either with or without

temporary migration. Table 1 summarizes the calibration of the model parameters.

The calibration strategy proceeds from the closed-border to the open-border version of the
model. First, the parameters governing emigration preferences are set sufficiently high to elimi-
nate labour migration in the steady state. Next, I use macroeconomic data, existing empirical

estimates, and standard parameter values from the literature complete the calibration of the
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closed-economy version of the model. Parameters affecting only the short-run dynamics are
calibrated accordingly. Third, the value of the home-attachment parameter in the NMS12 is re-
duced, while keeping all other parameters unchanged, so that the steady-state solution matches

523

an immigration rate of 1.5% in the EU15° and zero immigration in the NMS12. By construction,

therefore, the two model versions differ only in the parameters governing emigration preferences.

The share of NMS12 workers in the total EU population is set at 21%, based on Labour
Force Survey (LFS) data on the working-age population in EU Member States averaged over
the period 2000-2004.2* Consequently, an immigration rate of 1.5% in the EU15 corresponds to

a steady-state temporary emigration rate of 5.7% in the NMS12.

3.1 Household Preferences

A model period corresponds to one quarter and the discount factor S is set equal to 0.99. The
intertemporal elasticity of substitution is set to 1.1. The home-bias parameters are calibrated

to match the import content of domestic demand.

Taking into account both the direct and indirect use of imports from the NMS12, the share
of such imports in EU15 domestic demand is approximately 1%. The corresponding share of

EU15 imports in NMS12 domestic demand is approximately 10%.%°

The habit formation parameter for the EU15 is set to 0.65, corresponding to the average

estimate for the euro area.?6 The habit formation parameter for the NMS12 is set to 0.7,

23 According to Labour Force Survey (LFS) data, between 2005 and 2008 the share of NMS12 citizens in the
EU15 population increased from 0.7% to 1.2%. Comparable data for earlier years are not available for all “old”
Member States. However, in some EU15 countries the increase in NMS12 immigration was much larger; for
example, in the UK the share rose from 0.6% in 2005 to 1.7% in 2008.

24 Immigrants from outside the EU to both the EU15 and the NMS12 are treated as part of the native popula-
tions.

ZInformation on the import content of domestic demand is obtained from Eurostat input-output tables. The
statistics are collected for: France, Germany, Denmark and Finland for 2002-2005; Italy, Spain, Austria, Portugal,
Sweden, Ireland, the Czech Republic, Estonia, Hungary and Slovenia for 2005; Romania for 2003-2006; and the
Netherlands for 2002. The resulting 33 observations are pooled and regressed on time-varying import-to-GDP
ratios. The regression explains 63% of the variation in import intensities and is used to approximate the import
content of domestic demand for EU Member States and years where input-output tables are unavailable. The
estimated import intensity of domestic demand equals roughly 10% for the EU15 and 14% for the NMS12. These
figures are then multiplied by the share of imports from the NMS12 in EU15 imports and the share of imports
from the EU15 in NMS12 imports.

26References to euro-area estimates throughout the text refer to the Bayesian estimates reported by Smets and
Wouters (2003), Smets and Wouters (2005), Pytlarczyk (2005), Adolfson et al. (2007), and Kolasa (2009).

ECB Working Paper Series No 3226 29



reflecting higher estimates obtained for Poland and Hungary relative to the euro area.?”

The disutility of labour parameters, x* and x, are chosen to match steady-state unemploy-
ment rates of 7.9% in the EU15 and 12.1% in the NMS12 (in the version of the model without
labour migration). The implied probability of filling a vacancy is 57% in the EU15 and 77% in
the NMS12, while the probability of finding a job is 30% and 20%, respectively.

The standard deviation of emigration preference shocks is set such that the steady-state

response implies a one-percentage-point change in the emigration rate in the NMS12.

The elasticity of output with respect to labour in the Cobb-Douglas production function is
set equal to the empirical labour income share in GDP. Total factor productivity in the NMS12
is normalized to one, while productivity in the EU15 is calibrated to match the average EU15-
to-NMS12 labour productivity ratio observed during 1997-2008. The persistence and standard
deviation of productivity shocks in the EU15 follow the average estimates obtained from euro-
area DSGE models, while the corresponding parameters for the NMS12 are calibrated using

estimates for Poland and Hungary.

3.2 Production

The elasticity of output with respect to labour in the Cobb-Douglas production function is set
equal to the empirical labour income share in GDP. Total factor productivity in the NMS12 is
normalized to one, while productivity in the EU15 is calibrated to match the average EU15-
to-NMS12 labour productivity ratio observed during 1997-2008. The persistence and standard
deviation of productivity shocks in the EU15 follow the average estimates obtained from euro-
area DSGE models, while the corresponding parameters for the NMS12 are calibrated using

estimates for Poland and Hungary.

Ottaviano and Peri (2008) and D’Amuri et al. (2010) estimate the elasticity of substitution

between immigrants and natives to be around 20 for the U.S. and Germany, respectively.?8

7 Calibration of NMS12 parameters relies on Bayesian estimates reported by Jakab and Vildgi (2008) and Jakab
and Konya (2016) for Hungary and by Kolasa (2009) for Poland.

28The estimates reported by Ottaviano and Peri (2008) refer to substitutability within education-experience
groups and remain robust to the methodological critique by Borjas et al. (2006). Other studies report lower
estimates; for example, Manacorda et al. (2012) find elasticities in the range of 5-10 for the UK. By contrast,
Borjas et al. (2006), Borjas et al. (2008), and Aydemir and Borjas (2006) assume perfect substitutability between
natives and immigrants within narrowly defined skill groups.
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In these empirical approaches, a lower estimated elasticity typically corresponds to a smaller
negative impact of immigration on native wages, because labour demand externalities are not
explicitly modeled. To account for such externalities in the present model while remaining
broadly consistent with the empirical evidence, the elasticity of substitution is set to a higher

value of 30.

The value of w is calibrated jointly with the location preference parameters y and x* so that
the following conditions are satisfied in the open-border version of the model:?* the immigration
rate equals 1.5% in the EU15 and zero in the NMS12; immigrant wages in the EU15 are approx-
imately 26% lower than those of natives; and the nominal wages of emigrants from the NMS12
are roughly twice as high as those of stayers. The 26% wage gap between NMS immigrants
and natives corresponds to estimates reported by Briicker et al. (2009) for immigration waves
to the UK before 2004. It is also close to the estimates of Barrett and McCarthy (2007b) and
Barrett and McCarthy (2007a) for Ireland (around 31%), although smaller than the estimate
reported by Briicker et al. (2009) for post-2004 immigration waves to the UK (42.5%).3 The
assumption that emigrants earn roughly twice as much as stayers is also consistent with the

findings of Budnik (2009) for Polish migrants to the UK.

3.3 Market Structure

Markups in the two economies are assumed to be 20%, in line with Rotemberg and Woodford
(1992) and consistent with the evidence on manufacturing markups in OECD countries reported
by Martins et al. (1996). The elasticity of substitution between goods produced within a country,
€* and ¢, is set to 6. Following Benigno and Thoenissen (2008), the elasticity of substitution

between domestically and foreign-produced goods is set at a lower value, namely 2.

The price stickiness parameters ¥* and % are set to 20. This assumption implies a Phillips

curve slope of 0.30, which is consistent with survey evidence on price stickiness in European

29The parameter w* is set equal to w, although it does not play an active role in the simulations considered.

39The wage gap between immigrants and natives documented by Briicker et al. (2009) largely reflects differences
in returns to skills and the unequal distribution of workers across sectors and occupations. Approximately 20
percentage points of the wage gap can be explained by the overrepresentation of immigrants in low-paid jobs.
Occupational sorting of recent NMS12 immigrants in the UK is also discussed by Dustmann et al. (2013) and
Drinkwater et al. (2009). Barrett and McCarthy (2007b) and Barrett and McCarthy (2007a) emphasize the role
of lower returns to foreign education and work experience in explaining the immigrant-native wage gap in Ireland.
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countries summarized by Druant et al. (2009).3! The chosen value also lies within the confidence

interval of the estimate reported by Ireland (2001) for the UK.32

Euro-area studies report a broad range of estimates for investment adjustment costs, cor-
responding to values of S* between 5 and 9.33 However, these studies are relatively consistent
in terms of the ratio of the investment response to the output response following a TFP shock,
which typically lies between 1 and 1.6. Accordingly, S* is set to 10, implying a ratio of the
investment response to the output response of 1.5 after a TFP shock. The value of S is set
analogously, at 1.3, to replicate the relative magnitude of investment and output responses in

models estimated on Polish and Hungarian data.

3.4 Labour Markets

The elasticity of new matches with respect to unemployment in the EU15 is set to 0.5, i.e.
the midpoint of the range of estimates for European economies surveyed by Petrongolo and
Pissarides (2001).3* The worker’s share in the job surplus is then set equal to this elasticity.3
For the NMS12, both parameters are set to 0.4. The lower bargaining parameter in the NMS12
is intended to reflect, on average, more flexible employment protection legislation in the larger
NMS economies, such as the Czech Republic, Hungary, Poland, and Slovakia (Poeck et al.,
2007).

Recruitment costs in both regions are set to 1% of output, slightly below the value of 1.5%
used by Pissarides (2009). The job destruction rate in the EU15, 2.4%, is calibrated using

3'Druant et al. (2009) focus on average price duration. Their findings suggest that average price duration is
similar across the groups of EU15 and NMS12 countries included in their sample and, under the Calvo (1983)
pricing scheme, would correspond to the Phillips curve slope reported here. In using this evidence to benchmark
the model calibration, I rely on the property that the dynamic behaviour of models with Rotemberg and Calvo
pricing is equivalent.

32The estimates in Ireland (2001) are in fact highly imprecise, with a mean of 77 and a standard error of 84.6.

33Estimated investment adjustment costs may differ across models depending on the set of rigidities included.
Christiano et al. (2005) show that models without habit formation in consumption require lower investment
adjustment costs to generate empirically plausible impulse responses for the U.S. Gertler et al. (2008), in turn,
suggest that greater wage rigidity requires higher investment adjustment costs to match U.S. data. The euro-area
models used here as benchmarks assume habit formation and no wage rigidity.

34The range of estimates reported by the authors is 0.3 to 0.7. A value of 0.5 corresponds to the lower end of
the estimates obtained from regressions of unemployment outflows and to the upper end of those based on total
hires.

3%Hosios (1990) shows that in the basic search-and-matching model this equality is necessary and sufficient for
the private value of a match to equal its social value. Here, the assumption is maintained for comparability with
standard calibrations.
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information on average job duration from LFS data. Although the same data imply a similar
average job duration in the NMS12, the job destruction rate there is set slightly higher, at
2.5%. This choice is consistent with evidence from Bassanini and Marianna (2009), who find
that job destruction is more frequent, after controlling for industry structure, in Poland than in

the largest EU15 economies, Germany and France.

The reference steady-state levels of labour market tightness in the EU15 and the NMS12 are
calculated using data on job vacancy rates and LFS data.30 Average labour market tightness in
the EU15 over 2003-2007 equals 0.51. The weighted average for the Czech Republic, Hungary,
and Poland in 2007 is 0.31. This value is scaled down to 0.26 to better approximate a medium-
run benchmark, given the strong labour market recovery in the region in the reference year, and
is assumed to apply to the NMS12 as a whole. Matching efficiency is then calibrated so that the
implied steady-state unemployment rates match average LFS unemployment over 2003-2007,
conditional on the assumed job destruction rates, the elasticity of new matches with respect
to unemployment, and steady-state labour market tightness. The resulting matching efficiency

parameters are 0.41 for the EU15 and 0.45 for the NMS12.

In line with microsurvey evidence for a group of EU countries summarized by Knell (2013),
no systematic differences in real wage rigidity are assumed between the EU15 and the NMS12.
Accordingly, the autoregressive parameter in real wages is set to 0.7 in both economies. This
degree of wage rigidity is consistent with the upper theoretical estimates implied by Taylor
wage contracts in Knell (2013), and is slightly lower than the empirical estimates based on
macroeconomic data for EU countries reported by Arpaia and Pichelmann (2007) and used, for

example, by Duval and Vogel (2012), as well as those by Abbritti and Weber (2008).37

One-off migration costs are set so that a temporary shock to migration preferences implies a
temporary shift in the emigration rate of a similar magnitude as the corresponding permanent
shock would render in the steady-state emigration. Under this calibration, the marginal cost of

movement for a single worker amounts to 10%-15% of the foreign real quarterly wage whenever

36More precisely, labour market tightness is measured as § = %. The number of vacancies, VAC, is

approximated using annual enterprise survey data on job vacancy rates from Eurostat. The average number of
new jobs created, NJ, is derived from LFS data on workers employed for less than six months, conditional on the
calibrated quarterly job destruction rates. UNEM P denotes the number of unemployed workers in the LF'S.

37 As argued by Blanchard and Gali (2007), empirical estimates of wage rigidity based on macro data are likely
to be upward biased.
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the total change in the emigration rate is 1 percentage point.3®

3.5 Taxes and Transfers

Income tax rates are calibrated using the average tax wedge for low-wage employed workers over
1997-2008, based on Eurostat data. Country-specific tax wedges are weighted by each country’s
share in total employment in the EU15 and the NMS12, respectively. The unemployment benefit
replacement rates for natives in the two economies are calibrated on the basis of net replacement
rates for 2004 reported by the OECD.?? To obtain gross replacement rates, the net rates are
adjusted using the previously calibrated income tax rates. The resulting country-level gross
replacement rates are then weighted by each country’s share in total regional unemployment.
For the NMS12, the calibrated value corresponds to the average for the Czech Republic, Hungary,
Poland, and Slovakia. The resulting gross replacement rate for natives is 42% in the EU15 and

38% in the NMS12.

It is assumed that immigrants receive only 50% of the benefits that natives in comparable
circumstances would claim. The relatively disadvantaged position of immigrants with respect
to welfare payments is documented by Boeri and Monti (2009), who find that the probability of
receiving contributory benefits in the EU15 is 4 percentage points lower for immigrants from the
EU25 than for natives, and 2.5 percentage points lower for non-contributory benefits (weighted
by country shares of non-participants). Dustmann et al. (2010a) estimate that immigrants from
the NMS (excluding Bulgaria, Romania, Malta and Cyprus) to the UK were 13 percentage points
less likely to receive benefits and 28 percentage points less likely to live in social housing than
natives. Additionally, the European Survey on Income and Living Conditions (EU-SILC) data
used by Boeri and Monti (2009) indicate that immigrants receive lower benefits on average than
natives. This calibration is also reasonably close to the corresponding estimate of 40% reported
by Dustmann et al. (2010a) for NMS immigrants in the UK. The 50% ratio of unemployment

benefits received by immigrants relative to natives conveniently implies equality between the real

38 Available estimates of migration costs, for example Bayer and Juessen (2012) for migration across U.S. states,
are generally much higher. However, such estimates typically refer to total migration costs, including relocation
costs, utility losses related to location preferences, and expected wage premia due to imperfect skill transferability;
these components are modeled separately here.

39These replacement rates include all benefits received by the non-employed and are computed for six family
types, separately for the initial phase of unemployment and for long-term unemployment. The replacement rates
used here are averages across the twelve resulting categories.
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unemployment benefit of unemployed immigrants in the EU15 and that of unemployed stayers

in the NMS12.

Overall, the calibration of the model, both in the closed-border and open-border versions,
ensures that wage income -a djusted for the monetary value of the disutility associated with
work - is significantly higher than the instantaneous income of the unemployed in the same
labour market. Consequently, as long as a worker remains in the same labour market, the value

of employment exceeds the value of unemployment.“°

Furthermore, in the open-border version of the model, the immigrant wage in the EU15
- adjusted for both the disutility of work and the disutility of residing abroad - exceeds the
unemployment benefit received by natives in the NMS12. Finally, the value of employment for
an immigrant in the EU15 is slightly higher than the value of employment for a stayer in the
NMS12.

3.6 Other Policy Parameters

The ratio of government expenditures to private demand is calibrated to match the average
share of intermediate general government consumption in GDP during 2002-2006. This share
equals 6.3% in the EU15 and 6.4% in the NMS12. The persistence of government spending is set
to 0.95 in both regions, consistent with the generally high estimates of this parameter reported

for the euro area, Poland, and Hungary.

There is no standard calibration for fiscal policy rules. In practice, fiscal rule parameters
are typically chosen to ensure the stability of the model’s long-run solution and are fine-tuned
using judgment-based criteria - for example, that the government debt-to-GDP ratio returns to
its target level within a typical simulation horizon and that the responses to standard shocks
remain smooth ((Mitchell et al., 2000; Johnson, 2001; Perez and Hiebert, 2004). In the present
calibration, the inertia of lump-sum taxation is set to 0.8 and the parameter governing the speed
of fiscal adjustment toward the target debt level is set to 0.4. The implied reaction of taxes to
outstanding public debt is close to that assumed by Duarte and Wolman (2008) for Germany

and France.

40That is, unemployment benefits are not “excessively high”, and the model is therefore robust to the critique
of search-and-matching models put forward by Mortensen and Nagypal (2007) in response to Hagedorn and
Manovskii (2008).
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Available estimates of interest rate smoothing in the euro area are relatively high; accord-
ingly, the corresponding parameter in the EU15 is set to 0.9. Estimates for Poland and Hungary
are somewhat lower, so the autoregressive parameter in the NMS12 Taylor rule is set to 0.8.
The elasticity of interest rates with respect to inflation is set to 2.5 in the EU15 and 2.3 in the
NMS12. These values are higher than those typically estimated for the euro area, Hungary, and
Poland, but the empirical estimates usually come from models in which the output gap enters
the monetary policy rule. The present calibration therefore follows the observation of Henderson
and McKibbin (1993) that when the output gap is omitted from the Taylor rule, the coefficient

on inflation must be increased to generate similar model dynamics.

3.7 Structural Shocks

The persistence and standard deviation of productivity shocks in the EU15 are set to the aver-
age values estimated for the euro area in Smets and Wouters (2003; 2005), Pytlarczyk (2005),
Adolfson et al. (2007), and Kolasa (2009). For the NMS12, the persistence is assumed to be
similar to that in the EU15, while the standard deviation is set at a higher level, consistent with
estimates for the Polish and Hungarian economies reported by Jakab and Vilagi (2008), Kolasa
(2009), and Jakab and Konya (2016).

The persistence of the migration preference shock is set to 0.9, while its standard deviation
is calibrated such that a one-standard-deviation innovation changes the emigration rate by one

percentage point.

4 Temporary Migration in the Model

Before turning to the evaluation of the business-cycle properties of the model, I first discuss the
long-run implications of an open-border immigration policy. Following Scheve and Slaughter
(2001) and Coleman and Rowthorn (2004), the analysis focuses on three dimensions: the im-
pact of immigrants on labour market outcomes for natives, the implications of immigration for
public finances in the host country, and the overall macroeconomic gains - measured in terms of

consumption and output - from free labour mobility for both host and source countries.

I also discuss the difference between a temporary population shock in the closed-border
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version of the model and a shock to emigration preferences in the open-border version. This
comparison helps build intuition about the extent to which the model captures a qualitatively
different phenomenon than an exogenous population shock in a framework without endogenous

labour mobility.

4.1 The Steady-State with and without Migration

Table 2 reports the steady-state solutions of the model under two scenarios: one without migra-
tion and one with an immigration rate of 1.5% in the EU15. The outcomes for the host economy

are presented in columns 1-3, while those for the sending economy appear in columns 4-6.

When the immigration rate in the recipient economy increases from 0% to 1.5%, the average
wage declines by 0.6%. However, the corresponding reduction in the wage of natives is negligible
- only 0.1%. This small and statistically insignificant response of native wages is consistent with
the majority of empirical findings surveyed by Friedberg and Hunt (1995), Blanchflower et al.
(2007), and Longhi et al. (2008). At the same time, the employment prospects of natives improve:

the unemployment rate falls by 0.6 percentage points following the immigration wave.

In the sending country, the emigration rate increases from 0% to 5.7%, raising the average
wage by 1.5%. This implies a wage elasticity with respect to emigration of 0.26. The moderate
increase in wages is again consistent with empirical evidence on the impact of emigration on
wages in Mexico reported by Aydemir and Borjas (2006) and Mishra (2007), as well as with evi-
dence for Poland provided by Budnik (2008). Following the emigration wave, the unemployment

rate in the NMS12 declines by 2.6 percentage points.

The net contribution of temporary immigrants to public finances in the EU15 is calculated as
the difference between their income tax payments and the unemployment benefits they receive.

This contribution is strictly positive and amounts to 0.23% of the receiving country’s output.

Overall, free labour mobility is welfare-improving for both the receiving and the sending
economies. The average consumption level increases by approximately 1% for both EU15 and
NMS12 citizens. Moreover, labour migration facilitates wage convergence between the two

regions, although differences in GDP and capital stocks widen.*!

4ITFP convergence - abstracted from in the model but likely to occur in reality - would also contribute to
narrowing wage differentials while simultaneously reducing the gaps in output and capital stocks. If TFP con-
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4.2 An Emigration Preference Shock

The solid lines in Figure 1 depict the effects of a temporary reduction in the disutility of emigra-
tion for NMS12 citizens, which generates a 1 percentage point increase in the emigration rate
(shown in the lower-right panel of the figure). The black lines represent the behaviour of the

recipient economy (EU15), while the red lines correspond to the sending economy (NMS12).

The inflow of immigrants increases labour supply in the EU15. As labour becomes more
abundant and immigrants have relatively low wage expectations, firms respond by posting more
vacancies. The resulting increase in labour demand limits the decline in wages. The average real
wage (shown by the black line in the upper-right panel) decreases slightly, whereas the wage of

natives (shown by the blue line in the same panel) remains almost unchanged.

The expansion of employment supports output growth. Investment rises in response to
higher returns to capital, which stem from the increased availability of labour. Initially, however,
employment expands faster than output, which temporarily raises marginal production costs and
leads to higher inflation. This pro-inflationary effect is soon offset by the cost-reducing impact of
capital accumulation. Through this channel, the immigration wave generates a highly persistent

positive effect on economic activity.

To illustrate that the effects of endogenous temporary migration cannot easily be replicated
by a population shock, I introduce such a shock in the closed-border version of the model. The
black dotted lines in Figure 1 show the response of the EU15 economy to a temporary exogenous
increase in population. The size of the population shock is calibrated to match the inflow of
workers from the NMS12 to the EU15 implied by the emigration preference shock. Since the
timing of migration responses differs between the two model versions, the population shock is
assumed to be highly autocorrelated (with a persistence parameter of 0.95) to facilitate graphical

comparison.

Workers entering the EU15 as a result of the population shock behave identically to EU15
natives. They therefore resemble permanent rather than temporary immigrants. In particular,
they share the same productivity and wage aspirations as natives. Consequently, permanent

immigration does not generate an additional positive effect on labour demand. Following the

vergence were incorporated into the model, migration would accelerate the reduction of wage differentials before
TFP convergence is completed, but its role would diminish afterwards.
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shock, employment gains are smaller, unemployment initially increases, and native wages decline
more strongly than in the case of temporary immigration. Accordingly, output and consumption
in the EU15 expand only moderately, while investment remains broadly unchanged. In short,
a positive population shock in a closed-border economy leads to less favourable macroeconomic

outcomes than a temporary immigration shock of comparable magnitude.

In the NMS12, the increase in emigration reduces the unemployment rate. Firms face greater
difficulty filling vacancies, and the improved outside options of workersa€”who can now seek
employment either domestically or abroada€”strengthen their bargaining position. As a result,
real wages increase. The higher wage costs dampen labour demand, which partly offsets the

decline in unemployment.

Rising wages increase production costs and push prices upward. Output and investment
decline, although higher wages and increased remittance inflows from emigrants help sustain the

consumption of NMS12 households. Imports increase sharply and the trade balance deteriorates.

In contrast, a negative population shock in the NMS12 reduces both employment and unem-
ployment on the domestic labour market roughly proportionally, as illustrated by the dotted red
lines in Figure 1. This contrasts with the endogenous migration case, where unemployment falls
significantly more than employment. As a result, the unemployment rate declines less follow-
ing a population shock. The bargaining position of remaining workers improves only modestly,
leading to smaller increases in real wages. Moreover, when the population shock occurs, the

decline in output is accompanied by a comparable reduction in consumption.

The price level in the NMS12 and the exchange rate respond very differently to a population
shock and to an emigration preference shock. Following a negative population shock, the reduced
supply of goods produced in the NMS12 leads to an appreciation of the domestic currency, as
scarcer goods command higher prices. Although the relative scarcity of goods following an
emigration preference shock also creates appreciation pressure, this effect is more than offset by

the counteracting impact of higher import demand.
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5 Total Factor Productivity Shocks

The effects of a temporary and unexpected increase in total factor productivity (TFP) in the
EU15 are illustrated in Figure 2, while Figure 3 presents the effects of a similar shock in the

NMS12. The dotted lines show the responses in the closed-border version of the model.

In the absence of labour mobility, the responses of the two economies to a temporary TFP
increase are largely symmetric. Firms’ production capacities expand, reducing marginal pro-
duction costs. Due to price stickiness, the resulting adjustment of prices occurs gradually. The
higher supply of domestically produced tradable goods leads to a real depreciation of the local

currency and a deterioration of the country’s terms of trade.

The increase in TFP initially induces firms to reduce employment, reflecting higher pro-
ductivity per worker. However, stronger domestic demand soon reverses this effect, and both
employment and real wages may subsequently increase. Higher expected returns on installed

capital stimulate investment, while increased profits and wages support higher consumption.

5.1 A Total Factor Productivity Shock in the Recipient Region

The solid lines in Figure 2 show the response of key macroeconomic variables to a positive TFP
shock in the EU15 under the open-border regime, i.e. when temporary migration is allowed in
equilibrium. Following the shock, improved labour market conditions in the EU15 encourage
additional workers from the NMS12 to migrate. The resulting immigration wave enables firms
to expand output further. Rising profits and a strong recovery in labour market conditions
stimulate domestic demand. Because the effects of the favourable TFP shock are amplified, the
depreciation of the EU15 currency is also more pronounced. Although the weaker exchange rate
somewhat reduces the incentives for NMS12 workers to emigrate, it does not fully offset the

positive incentives associated with the labour market expansion.

The average wage in the EU15 remains below the level that would prevail in the closed-
border regime. This reflects the increase in the share of relatively low-paid immigrants in total
employment. At the same time, real wages of natives are slightly higher when immigration

restrictions are relaxed.
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Columns 1 and 2 in Table 3 report the standard deviations of key macroeconomic variables
following the TFP shock in the open-border and closed-border versions of the model, respectively,
while column 3 presents the ratio between the two. Endogenous immigration increases the
volatility of employment in the recipient country by nearly 50% and that of output by about
20%. At the same time, the volatility of real wages, marginal costs, and inflation declines by

more than 10%.

Columns 1 - 3 in Table 4 report the absolute and relative persistence of macroeconomic
variables following the TFP shock in the EU15. Finally, columns 14€“3 in Table 5 present
the correlations between key macroeconomic aggregates and output. The most notable dif-
ference between the models with and without temporary migration concerns the persistence
and procyclicality of employment and vacancies. Both become significantly stronger under the

open-border regime, reflecting the positive impact of post-shock immigration on labour demand.

Temporary migration also breaks the positive co-movement of output, investment, and em-
ployment between the EU15 and the NMS12 following an asymmetric TFP shock in the EU15.
This can be seen in columns 1 - 3 of Table 6. Although the economic expansion in the EU15
still benefits NMS12 households through higher consumption, it otherwise dampens economic

activity in the sending economy.

5.2 A Total Factor Productivity Shock in the Sending Region

When a positive temporary TFP shock affects the NMS12, the resulting depreciation of the
regional currency encourages more workers to seek employment abroad. The solid lines in Figure
3 show the responses of the NMS12 and EU15 economies to this shock under the open-border

regime.

Despite the improvement in domestic labour market conditions, emigration increases. The
outflow of labour leads to a sharper decline in unemployment and a stronger increase in wages
compared with the closed-border scenario. Higher emigration also raises the inflow of remittances
which, together with increased labour income, supports private consumption. Nevertheless, the
rise in labour costs associated with emigration dampens production, so that output increases by

less than in the presence of migration restrictions.
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Columns 1 - 3 in Table 7 indicate that, following a TFP shock, the volatility of employment
in the NMS12 falls by about 30% and that of output by about 20% when borders within the EU
are open. The co-movement of employment and real wages also becomes significantly weaker,

while the volatility of real wages increases by roughly 10%.

Temporary migration therefore affects the adjustment to productivity shocks differently de-
pending on whether the sending or the receiving economy is hit. An asymmetric positive pro-
ductivity shock increases emigration from the NMS12 to the EU15 regardless of which region
experiences the shock. Temporary migration amplifies the volatility of output and investment
in the EU15 while dampening it in the NMS12. By contrast, the introduction of an open-border

regime has a smaller impact on the volatility of private consumption.

The liberalization of immigration policies in the EU also strengthens the positive co-movement
of output, investment, and employment between the two regions following an asymmetric TFP
shock in the NMS12 (see columns 1 - 3 in Table 10). Output and consumption in the EU15
respond much more strongly to favourable productivity shocks in the sending economy. Finally,
under a regime of free labour mobility, the variability of trade balances and current account

balances over the business cycle becomes higher than under stricter immigration restrictions.

6 Robustness of the Results

The magnitude of one-off migration costs plays an important role in determining the scale of
migration flows triggered by shocks and, consequently, the overall dynamics of the model with
migration. In general, higher migration costs reduce the differences between the open-border
and closed-border solutions. Conversely, lower migration costs strengthen the patterns described

in the previous section.

For illustrative purposes, Figure 4 presents impulse response functions of macroeconomic
variables to a positive TFP shock in the EU15, while Figure 5 reports responses to an anal-
ogous shock in the NMS12, under the assumption that migration costs are either 50% higher
or 50% lower than in the benchmark calibration. Columns 4 and 5 in Tables 3 - 10 report the

corresponding descriptive statistics.

Next, I examine the extent to which the differences in the dynamics of the two economies
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under alternative immigration regimes depend on specific modelling assumptions. First, the
pricing-to-market assumption is replaced with the law of one price.*? Under this alternative
specification, the price of an intermediate good expressed in a given currency is identical in both

regions.*3

Firms’ pricing strategies primarily affect the behaviour of the real exchange rate - whose
volatility declines under the law-of-one-price assumption - as well as the terms of trade and
their co-movement with the exchange rate. However, columns 6 in Tables 3 - 10 indicate that
the responses of real macroeconomic variables to productivity shocks remain largely unchanged
across immigration regimes.** Hence, the key results reported in the previous section remain

robust.

Next, I consider a version of the model in which temporary immigrants consume in the host
country rather than exclusively in their country of origin. Unlike the benchmark specification,
this alternative setup captures the effect of home bias in consumption on the current account
and trade balances of sending and receiving economies. When temporary immigrants consume
in the country of residence, the household decision to send members abroad depends on relative

consumer price levels between the destination and origin countries.*>

Figure 6 illustrates the responses of EU15 macroeconomic variables to a positive domes-
tic TFP shock under the two alternative assumptions regarding immigrants’ consumption be-

haviour. Columns 7 in Tables 3 - 6 provide the corresponding descriptive statistics.

When NMS12 immigrants purchase consumption goods in the EU15, the open-border regime
amplifies the macroeconomic effects of a domestic productivity shock more strongly than in the
benchmark case where immigrants consume only in their home country. In the benchmark
specification, the depreciation of the EU15 currency following a positive asymmetric TFP shock
reduces the purchasing power of emigrants’ expected earnings, thereby discouraging emigration
from the NMS12. This occurs because migrants’ wages are denominated in EU15 currency, while

their consumption is priced in the home currency.

42Details of the alternative model specifications discussed in this section are provided in Appendix B.

43Purchasing power parity does not hold, however, due to the assumed home bias in consumption preferences.

44 This result is consistent with Kollmann (2001), who shows that export pricing strategies significantly affect
real variables only in economies with sufficiently large trade shares.

45Tf the law of one price holds, only the dynamics of the current account differ between models where temporary
migrants consume abroad or only in their home country. The dynamics of all other variables remain unchanged,
and in particular the steady-state equilibrium is unaffected.
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By contrast, when immigrants consume in the EU15, the negative effect of the currency
depreciation on the purchasing power of expected earnings is mitigated by the concurrent decline
in EU15 consumer prices. As a result, immigration to the EU15 increases more strongly, leading

to a larger expansion of regional labour supply and output.

If emigrants consume in the host country, the emigration wave following a positive produc-
tivity shock in the NMS12 is smaller than in the benchmark model. Because migrants purchase
goods in the EU15, the depreciation of the NMS12 currency after the shock has a less favourable
effect on the purchasing power of their earnings abroad. As shown in Figure 7, the emigration

rate initially declines before recovering over time.

Columns 7 in Tables 7 - 10 compare the impulse responses of NMS12 macroeconomic variables
under this alternative specification. Consistent with the weaker response of migration flows,
the dynamics of output, employment, and wages in the sending economy are less sensitive to

immigration policy under the assumption that migrants consume abroad.

7 Conclusions

Labour mobility remains an important element that is still largely absent from the macroeco-
nomic models currently used to support policymaking in European countries. This paper con-
tributes to narrowing this gap by modelling temporary migration as an endogenous adjustment
mechanism in a two-country framework. The two-region model of the EU, carefully calibrated
to capture the economic size and institutional differences between the “new” and “old” Member

States, highlights the interactions between migration and macroeconomic activity.

Migration rates exhibit substantial volatility at the business-cycle frequency. Under a rea-
sonable calibration of capital adjustment costs and migration costs, labour migration typically
emerges in the aftermath of shocks, before the capital stock has fully adjusted. The difference
in the response of an economy to shocks under open- and closed-border regimes depends largely
on the magnitude of temporary migration triggered by the shock. This magnitude is determined
by the interaction of two forces: exchange rate movements and developments in local labour
markets. These forces may act in opposite directions and partly offset one another, as in the

case of a positive TFP shock, when currency depreciation discourages emigration while improved
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labour market conditions encourage it.

Temporary migration can alter the volatility, persistence, and cross-correlation of macroe-
conomic variables in both sending and receiving economies following asymmetric productivity
shocks. In general, migration smooths the adjustment of output in the sending country while

amplifying the volatility of output and domestic demand in the receiving economy.

In the open-border regime, adjustment to productivity shocks in the EU15 occurs to a greater
extent through changes in employment and less through real wages. As a result, host labour
markets appear more flexible over the business cycle. The opposite pattern emerges in sending
countries, where labour markets may appear more rigid because adjustment takes place more

strongly through wages than through employment.

Even when migration flows are relatively small compared with national populations, tem-
porary migration substantially strengthens economic interdependence between regions. Shocks
and policies in one economy therefore have a greater potential to influence developments in
another. When borders are open, the NMS12 economies can be particularly affected by pro-
ductivity shocks in the EU15: the correlation of output between the two regions may become

significantly negative, whereas it would remain positive under a closed-border regime.

The global financial crisis provided an interesting empirical context for evaluating the model’s
implications. The turbulence in financial markets that began in 2007 had a disproportionately
strong negative impact on many of the “old” Member States relative to most accession countries.
The effects of the crisis were particularly pronounced in the UK and Ireland - both major
destinations for migrants from Central Europe - as well as in Spain, which, alongside Italy and

France, has traditionally received significant migration flows from Romania and Bulgaria.

This raises the question of how the earlier liberalization of immigration policies may have
influenced the responses of European economies to the crisis. The model suggests that a neg-
ative productivity shock - within the model framework also capturing the effects of financial
disruptions - would lead to a stronger decline in output, employment, and domestic demand in
economies that had previously experienced inflows of temporary immigrants. A slowdown in
growth in host economies would strengthen incentives for return migration, which in turn could
worsen supply-side conditions and deepen the downturn. Conversely, recessions in sending coun-

tries may be mitigated by these migration dynamics.
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The recession was indeed severe in several major receiving economies, whereas Poland main-
tained positive GDP growth while experiencing a moderation in real wage growth. It would
therefore be worthwhile to examine these developments more systematically in order to identify
the role played by cross-border labour mobility in shaping the economic adjustment of European

economies following the crisis.

The macroeconomic consequences of migration could also be explored in alternative mod-
elling environments. A natural extension would be to introduce richer exchange rate dynamics,
for example by modelling economies with both tradable and non-tradable sectors. In such a
framework, a productivity shock in the non-tradable sector could lead to currency appreciation,
in contrast with the depreciation observed in the present model where all goods are tradable. A
two-sector framework would also allow for analysis of situations in which temporary immigrants

are disproportionately concentrated in particular sectors.

Another promising avenue for future research would be to incorporate on-the-job search,
given that a significant share of emigrants originate from the employed population. Finally, the
framework could be extended to derive more precise implications for monetary and fiscal policy

in economies characterized by substantial cross-border labour mobility.
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Tables and Graphs

Table 1: Model parameters

Parameter Home Foreign
L Population share 0.21 0.79
B Discount factor 0.99 0.99
o Intertemporal elasticity of substitution 1.1 1.1
X Disutility of labour 0.612 0.395
v Disutility of emigration 0.290 0.189
he Degree of external habit formation 0.70 0.65
a Home bias 0.904 0.986
€ Elasticity of substitution between intermediate 6 6

goods
10} Elasticity of substitution between domestic and im- 2 2
ported goods
« Output elasticity with respect to labour 0.67 0.69
A Relative productivity level in F’ 1 1.63
P Inverse elasticity of substitution between native and  0.03 0.03
immigrant labour
w Relative productivity of immigrants 0.625 0.625
1) Depreciation rate 0.025 0.025
s Job destruction rate 0.025 0.024
I Workersa€™ bargaining power 0.4 0.5
9 Elasticity of matches with respect to unemployment 0.4 0.5
m Matching elasticity 0.45 0.41
K Vacancy posting cost 0.01 0.01
g Government consumption-to-private demand ratio 0.068 0.067
v /pF*  Unemployment benefit replacement rate (natives) 0.536  0.588
v /pF Unemployment benefit replacement rate (immi- 0.268 0.294
grants)
t Income tax rate 0.41 0.405
S Capital adjustment cost parameter 12 10
0 Degree of real wage rigidity 0.70 0.70
0 Price adjustment cost 20 20
T Migration cost (in terms of real wage abroad) 5 —
h, Interest rate smoothing parameter 0.80 0.90
hr Interest rate response to inflation 2.3 2.5
hr Persistence of lump-sum taxation 0.80 0.80
hy Immediate adjustment of lump-sum taxes to public  0.40 0.40
debt
hg Persistence of government spending 0.95 0.95
ha Persistence of total factor productivity shocks 0.9 0.9
o4 Standard deviation of total factor productivity 1.2% 0.6%
shocks
hy Persistence of emigration preference shocks 0.9 —
oV Standard deviation of emigration preference shocks 2.8% —
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Figure 1: Impulse responses to a positive migration-preference shock in the NMS12
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Black lines denote responses of EU15 variables, while red lines denote responses of NMS12 variables. Solid
lines correspond to the open-border regime, whereas dotted lines represent the closed labour market regime.
In the final panel, the black solid line shows the temporary immigration rate in the EU15, while the red
solid line shows the temporary emigration rate of NMS12 workers. Blue lines distinguish the responses of
variables for EU15 natives.
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Figure 2: Impulse responses to a TFP shock in the EU15 (foreign country)
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Black lines denote responses of EU15 variables, while red lines denote responses of NMS12 variables. Solid
lines correspond to the open-border regime, whereas dotted lines represent the closed labour market regime.
In the final panel, the black solid line shows the temporary immigration rate in the EU15, while the red
solid line shows the temporary emigration rate of NMS12 workers. Blue lines distinguish the responses of
variables for EU15 natives.
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1.40%

Figure 3: Impulse responses to a TFP shock in the NMS12 (home country)
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Black lines denote responses of EU15 variables, while red lines denote responses of NMS12 variables. Solid
lines correspond to the open-border regime, whereas dotted lines represent the closed labour market regime.
In the final panel, the black solid line shows the temporary immigration rate in the EU15, while the red
solid line shows the temporary emigration rate of NMS12 workers. Blue lines distinguish the responses of
variables for EU15 natives.
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Figure 4: Positive TFP shock in the EU15 under alternative migration cost calibrations

(a) Product

1.00%

0.80%

0.60%

0.40%

0.20%

0.00%

-0.20%

(d) Trade gap to product

0.10%

0.08%

0.06% -

0.04% A

0.02% -

0.00%

-0.02%

-0.04%

(g) Consumer prices inflation

0.10%

0.00% Z .

=)
=
1)

20 30
-0.10% -

-0.20% 4
-0.30% -
-0.40% -

-0.50% 4

-0.60%

(j) Employment

1.00%

0.80% -

0.60% -

0.40% -

0.20% -

0.00%

o]
-0.20% -

-0.40% -

-0.60%

(b) Consumption

(¢) Investment

0.90% 2.00%
0.80% -
0.70% - 1.50%
0.60% -
0.50% - 1.00%
0.40% -
0.30% 0.50%
0.20% -
0.10% - 0.00%
0.00% T T T T
0 10 20 30 40 -0.50%
(e) C/A balance to product (f) Real exchange rate
0.10% 1.20%
0.08% 1.00% { A
0.06% - 0.80% -
0.04% - 0.60% 1
0.02% -
0.40% -
0.00% R —
o/ 10 20 30 4 0.20% 7
0.02% /7
: 0.00%
-0.04%
(h) Nominal interest rate (i) Real wage rate
0.00% T — T T T 0.30%
0.02% P g 0.25%
-0.04% 4 0.20%
0.15%
-0.06% -
0.10%
-0.08% -
0.05%
-0.10% -
0.00%
-0.12% 1 -0.05%
-0.14% - -0.10%
-0.16% -0.15%
(k) Unemployment rate (1) Migration rates
0.60% 0.30%
0.40% - 0.25% -
0.20% - 0.20% A
0.00% T T T 0.15% A
20 30 4
-0.20% - 0.10% A
-0.40% | 0.05% "
-0.60% - 0.00%
-0.80% -0.05%

Black lines show the responses of EU15 variables under the open-border regime. Solid lines corresponds
to the benchmark calibration of migration costs, dotted lines to migration costs 50% lower than in the
benchmark, and dashed lines to migration costs 50% higher. Solid grey line shows the impulse responses

under a closed labour market.
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Figure 5: ositive TFP shock in the NMS12 under alternative migration cost calibrations

(a) Product (b) Consumption (¢) Investment
1.40% 1.20% 2.00%
1.20% 1.00%
1.50%
1.00%
0.80%
0.80% 1.00%
0.60% 0.60%
0.40% 0.40% 0.50%
0.20%
0.20% 0.00%
0.00% — &
0.00% S
-0.20% 1 11 21 31 41 -0.50%
(e) C/A balance to product (f) Real exchange rate
0.10% 0.20% 2.50%
0.00% 0.10%
o 2.00% .
-0.10% 4 0.00% e
o 30 4
-0.20% - -0.10% - 1.50% A
-0.30% - -0.20% -
1.00% A
-0.40% -0.30% -
-0.50% - -0.40% - 0.50% -
-0.60% 4 -0.50% - T T ———
0.00% T T T T
-0.70% -0.60% 0 10 20 30 40
(g) Consumer prices inflation (h) Nominal interest rate (i) Real wage rate
0.10% 0.00% 0.70%
1
0.00% T -0.05% 0.60% -
" i 11 21 31 4
-0.10% 1 -0.10% 1 0.50%
-0.20% -
-0.15% 0.40% -
-0.30%
-0.20% - 0.30% -
-0.40% -
-0.25% - 0.20% -
-0.50% -
-0.60% 4 -0.30% - 0.10% -
0.70% - -0.35% 1 0.00%
i 11 21 31 4
-0.80% -0.40% -0.10%
(j) Employment (k) Unemployment rate (1) Migration rates
0.80% 1.20% 0.70%
0.60% 4
) 0.80% 4 0.60%
0.40% 0.50% -
0.20% /\ 0.40% - 0.40% - |
0.00% —— . . | [ — oo |
-0.20% o 1 A S 0.00% “ - ‘21 :‘31 ‘4 . /
i 0.20% A
-0.40% -0.40% -
060% / 0.10%
0.80% 080%- 0.00% : :
.0.10% 71 31 4
-1.00% 120% .
-1.20% -0.20%

Rred lines show the responses of NMS12 variables under the open-border regime. Solid lines corresponds
to the benchmark calibration of migration costs, dotted lines to migration costs 50% lower than in the
benchmark, and dashed lines to migration costs 50% higher. Solid grey line shows the impulse responses
under a closed labour market.
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Figure 6: Positive TFP shock in the EU15: alternative modelling of home bias
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Black lines show the responses of EU15 variables under the open-border regime. Solid line represents the
benchmark model, while dotted lines assumes that temporary migrants consume in their country of residence.
Solid grey line shows the impulse responses under a closed labour market.
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Red lines show the responses of NMS12 variables under the open-border regime.

Solid line represents

the benchmark model, while dotted lines assumes that temporary migrants consume in their country of
residence. Solid grey line shows the impulse responses under a closed labour market.
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A Annex - Symmetric equilibrium

The shadow price of consumption:
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AL =((ef = hici_1)/(L=1))77

Household discount factor:
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Capital adjustment costs:
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The Tobin-Q:

The value of installed capital:

Investment demand:

Q(1-s:")
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Production function:

Employment composite:

The real cost of capital:

Profits:

ECB Working Paper Series No 3226

ny =((nf™)' 7" Wt fl) ) T

S(—— —1)==(— —1)2
(ZH ) 2(ZH )
i 5
(Z*t )_7(Z*t - )2
t—1 t—1
)\K
Q=
. /\K*
Qt = )t\;

Qt =Eli1 e (rfiy + (1= 6)Qis1)
QF =EiAj (rtli*l +(1— 5*)Q;+1)

— 8 () ) =1 _Et(AtJrl,tQtJrlSI(il)(
-1 -1 t
(W N N W
P ) P~ ) =1-E (At+1,tQt,t+1S (
b1 Y1 v

Yt :Atn?ktl_o‘

yi =A ) (k)

m=((nf!)' 7 4 w(nf) ) T

1

mey— =-—
Tt
ky ;
* *
* ' _pt Kx
(1-« )mctﬁ— =T
t t

(11)

(A.10)

(A.11)

(A.12)

(A.15)

(A.16)

(A.21)

(A.22)

71



O pfl( VY g2 KUy og i i V' g2 RO g
- =t 1777‘, v Jre’l" It 777‘_* _ y*f
D pt( 2(t) )yt tt*(pt)( 2(t) L)t
F
HW FW Pt K
CoF M T kt—l)
t by t
o _pn” v F R*vf apl i
It 1— 2 *\2 t *\, Fx r\=12t (It 11_7 FN\2
o= (= G = el @7 ()T (1 )
F*wf*_ H*wf[*_ Py Kxpx )
t Fx t Fx Fr t Vt—1
t by t
Vacancy costs:
Hx H
re = (gl + ef (Po) (P M)
t Pt
Fx F

Firm discount factor:

The value of a job:

X Pfl1 Pt+1
EMNv1t=E N1y + ( )71

pil " py

pF*1 D1
* _ * t+ t+1\—1
EtAt-q—l,t - EtAt+1,t ( )

pf* " pf

H Yt , Ny p wtfl A H
J =mea==(—)" — —7 + Ee (A1, (1 — S)Jt+1)
ng ny by
F
y;7 n w e
JE =wmeia ™ (—5)P — —t + By (A (1 — 3)J5r1>
ny Ny D
Fx * *y;:t n: p* ’U}f* A *x *\ 7F*
Jir =mefar o ()0 = e E(A (1= s )Jt+1)
ny Ny b
*ogk . U)H* -
I =wrmepar (S - St By(Ry (1 - 5
nt nt pt
Job creation condition:
Rt H F
:ntJ + 1— Mt J
q(ot) t ( ) t
’%? *x 7F% * Hx
9(05) =n;Jy "+ (1 - 77t)Jt

Producer price inflation:

ECB Working Paper Series No 3226

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)

(A.29)
(A.30)
(A.31)

(A.32)

(A.33)

(A.34)

72



H Dy F Py
mo= g — 1 ;=7 —1
b1 b
Hx* pfl* Fx pf*
T = “Hx 1 Ty = Fx 1
2ty Pi—1

Pricing:

((1 - 5)(1 — %(7‘(’{{)2 - Rflvt) + emct> -1+ ﬂ'fI)ﬂ'HJr

. y
ENy (14 ng)ﬂgﬂ ;1;1 =0
t

((1—6)(1—w—*(ﬂt )2 — Rl )—&—emct(egp;: Ii;)_l) P*(1 + w4

H
er
Eyhy gy S Py Pt+1)_1(Pt* ) 1P Py (1 + 7wy f*yt;*l —0
et pt+1 Pt+1 Dt Pt Yt

((l—e*)(l—g( *)2 —R*(l—b)flvf)—ke*mcf) — (1 4+ 7 *) a4

* Y. *1
EtAt (1 + 7"t+1) tF-:l yt;* =0
i

(L= = L rF == 0 107) + emere P P8 — (1 + mf )t +
2 Py D
€; pt+1 71pt+1 pt pt 1 F F yt+1
EA; L)~ Y1+ ) =0
tag ( or )~ (pt+1 s BF (pt) ( 1)1 o
Product markets clearing:
pH H ) H\2, H H
a(?i)_¢(ct+it+gt) =Y — 5(7& )2yt _Rb_lvt?/t
Pﬁ* * H 1/;* H+\2, H
(1= a) (B e 7+ g0) = ult* = ) — e
t
Pf* F 7/_’* Fx\2, F 1, % F
ot () 0 e i ) = = G - R ) g
t

pf . Y . _
(1—a)(g) (ct+zt+gt)=yf—§(ﬂf)2yf—ff (1—0) rofyf

Consumer price index:

pe =(a(pf) = + (1 - a)(pf)'=*)™°

P =) (L) pf ) ) T

Consumer price inflation:

ECB Working Paper Series No 3226

(A.35)

(A.36)

(A.37)

(A.38)

(A.39)

(A.40)

73



Ty = -1
Pt—1
*
;= ljt -1
Di—1
Labour market tightness:
v
0, = —
Ut
vi
0r o

The probability of finding a worker:

The aggregate unemployment level at beginning of a period :
Uyt *utH + uf
uy *ut "+ ut
The unemployment level at the beginning of a period:
up! =ugl )+ snfl

F_-F F
Uy =Usp_y + SNy

Fx * F'x
Uy _ut ST e
Hx * Hx*
U _ut st
The share of natives in unemployment:
ug!
m =
Uy + uy
. Uf -
N =
*+uf*

The evolution of employment:

nfl =1 — s)nft | + 6,46, ul’

ny =(1—s)n;_, +6tQ(9t)uf
ng * =1 = s")ni + 07 q" (07 uf
ng* =(1— s )n{ + 07" (07 Juy!

Labour market equilibrium:

ECB Working Paper Series No 3226

(A.42)

(A.43)

(A.44)

(A.45)

74



— Hx* H Hx*

ut +uy " =t —ng —ny
—Fx F Fx
ut +uy " =l—1—ny —ny

Migration flows:
a4+ af™ =uff (1= 0,q(0:)) + uf™ (1 - 0;¢(67))
al* +al =ul* (1= 67q(67)) + ul (1 - 6:9(6,))

Migration cost:

% g( (1 - th(ﬂt)) Uy >2€t

ﬁ i(aF*
py 2

W

Pi

(1 010l ) (e

Y4

The marginal cost of migration:

H Hx *
T T _ w
-t = g(al (1 — th(Gt)) )et —f
Dt Dt Dy
Fx F
Ty Ty —*(—F* * * Fx r—1Wt
=——=I"(a, " — (1 —6;q(0)))u )(e) —
vr P et (L= 0iaD)u ) (e pe
Migration condition:
H H
Vi Ly H b X H
-+ Or+19(Or41 7EtAt Lidin =
e P 1— L + ( + ) + t+1
Hx Hx * Fx
t UV Ty H r Pt H
t N m + - ——— 0719071 )e; i EtAfH S
Fx Fx * Fx
Vi Ty * Dy A x Fx
— 0 q(07, ) ——EA J
o or 1_ t+19\Vt 41 o t+1,67t+1
F * F H
Vv v T 4D ~
(ef) ™2t — L -2ty “Metﬂq(em)(ez) Bl
- t

The Nash bargained wage:

ECB Working Paper Series No 3226

(49)

(A.59)

(50)

(A.60)

(A.61)

(A.62)

75



~H I/H X l’H
=1-p)(l—-t" 1+ +& -+
p (1—p)(1—1) (pt y pt)

,ptH Yt 1 \p 1 H
== (mesa™(—5 )P + 0419(0r11) (1 = 56) Er(Apr,0Ji31))
Y43 ny ny

oF vl X" UF aF
CE == p(1 =) O ey — et = )
t t t
H
it T %
T (wmctoéy L () 4 01q(O1) (1 — 50) B (Mg o Jf70)
Pt Nit Ty 4
~ F'x Fx * Fx
w _ _ X T
pt* =(1—-p*)(1—1) 1(;* LbvEe ;* )+
t t t t
,*ptF* * *y; n; p* o* o* NE A* JF*
A (mcta **( F*) + t+1‘J( t+1)(1_st) t( t+1,t t+1))
by gy Ny
~ H* Hx Hx
Wy — % 1Y r—1 X ry—1 Ut r—1T¢
=(1- 1-1¢ + (e = — (e — — (e +
=== 7 e ) T D)

D Y. n * ~
w ;* (wrmetar ()" +009(070) (1= s) Br(Afyy, iy
t

Wages:
H ~H ~H
Wy _ﬁwit +(1— ﬁ)wi
Pt Pt
wy’ _ ﬁ +(1- 19)“2
bt 27
bt bt p
LA L S
bt bt p
The average wage:
o 1w
n{{ + nf
g bl
t Fx Hx
ny = +ny

Monetary policy:

ry =hpri—1 + (L — h)(r + hemy)
ri =hyri_y + (1 = h3)(r" + himy)

Government policy:

ECB Working Paper Series No 3226

))

(A.63)

(A.64)

(A.68)
(A.69)
(A.70)

(A.71)

(A.72)

(A.73)

76



v vl by F b wll wl’
g+ ——ufl + ~uf + == (14 r) ==+ — + (' + —En)) (52)
Pt 2 bt bt Dt bt Pt
Z/F* Z/H* *_ T* b* wF* wH*
gi + —ul "+ ™ R (L) =L L (en - —enfT) (A.75)
t bt bt D by bt
Budget adjustment rule:
Tt Tt—1 T bt—1
T h, T (1= h)(E 55
bt Pt—1 ( )(P bt ) (55)
Tt* * Tt*—l * T * bf—1
— =hZ +A-h)(—+h ) (A.76)
pi TP o
Government spending:
gt =(1 = hg)g(ee +it) + hggi—1 (53)
g9i =(1 = hg)g*(ci +17) + hagi (A.77)
Unemployment benefits:
v = ot vl = ot w, (55)
v = vt vi* = pHf (A.78)
Total factor productivity:
Ay =hali 1+ (1 —ha)A+eay (22)
Af =Ry AT+ (1= hy)A" + €, (A.79)
Migration preference shocks:
v = (1 — hy)v+ hove—1 + €y (1)
v = (1= hy)v* +hivy 1 + e, (A.80)

ECB Working Paper Series No 3226 77



B Annex - Variations of the Model

B.1 Law-of-one-price

Under the law-of-one-price the price of a variety is equal on the two markets when expressed in
the same currency:

pit =ewpit (B.1)
ply =ewl; (B.2)

The pricing conditions take a form:
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B.2 Implemented home-bias

Let ¢ be a share of stayers in the population of H, namely ¢; = (nf! + @1).=!. The members
of the domestic household are assumed to pool their income before choosing their per capita
consumption and investments, but consumption goods of temporary emigrants are purchased
abroad.

B.2.1 Production sector

In each economy there are two types of final goods produced to serve different needs of natives

and temporary immigrants. In H that is Y (defined as in the benchmark model) and Y. The
latter equals:

*—1

Y= (@) ()7

Therefore, the composite Y is similar to Y* but involves the inputs of goods traded in H. In

F' the consumption good purchased by immigrants is denoted by Y*. The price of goods for
immigrants are:

+ (1= a")F (yf) o Yo (B.5)

Br=(a" ()% + (1 - a*)(pl) o) (B.6)

B = (alpy™) =7+ (L= a)(p{") ' =)0 (B.7)

The demand for home produced goods equals:
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and for foreign produced goods:
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B.2.2 Household Decisions

Choosing their per capita consumption level household members take into account the following
budget constraint:
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Transfers of earnings between economies (interpreted as remittances) are now of the form:
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The value function of a H-born employed in H is:
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(B.12)
The value function of a H-born unemployed worker in H:
H H
v x ov
Vi =L — S0 e+ Be(Agaa(Oepaq(0) (W = VL) + V) (B.13)
2 Dt aut
The value function of a H-born who looks for a work abroad:
v xH* ov
Vi = ep o - LT et Ey(A (070007 ) (W = VD + I (B14)
Py At bt (9
As gg’;} c = g‘Plg ¢; and 88\12* c = 8%'1,’{’5* ¢; the wage bargaining conditions remain as in the bench-
t t

mark model. The migration conditions are, however, modified to take account of a change in the
average costs of a consumption good when a household member changes her place of residence:

v afl _ ow pi A H
T o : e + ﬂQtQt+1(9t+1) S BN T =

(B.15)

* Fx ~
* Hx
T v "+ Se— 05 1qr01 (07, 1)er % N E AT i
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ovy o, — Lil(l o 6Tp~;).

auH — T aafl tp;

where

In the model version with transplanted home bias monetary and fiscal policies remain as in the
benchmark model. Yet, the replacement of the inflation rate in the Tylor rule by the weighted
average of (native and immigrant) consumption baskets prices does not significantly affect the
results. A change in the government expenditures generating rule so that they stay proportional
to the total private domestic demand affects in turn the steady-state solution of the model,
which would complicate the comparison of the short-term dynamics of the model versions.
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