Macroeconomic Effects of Immigration in a New Keynesian Model

George Chortareas Kostas Katirtzidis John Tsoukalas
University of Athens* University of Athens] University of Nottingham
and

University of Essex,

March 2008

Abstract

This paper analyses the impact of immigration inflows on the macroeconomic variables of a devel-
oped economy under a standard New Keynesian framework. We highlight four important results. First,
immigration inflows destabilize the host economy from its long run equilibrium. In the short-run an
inflow of immigrants may create a positive output effect, but in the long-run the final outcome depends
on the “deep” parameters of the model, and on whether immigration alters the composition of total
workforce permanently. Second, the model confirms existing results on the re-distributional effects of
immigration. Immigration inflows seem to be welfare improving for domestic agents as long as domes-
tic consumption and labor market outcomes for natives are positively affected by immigration shocks.
Newcomers compete with existing immigrants for job opportunities and affect negatively only the labor
market of foreign-born agents. Third, potential shocks on immigrants” preference behavior (remittances
shock) cause both an increase of total output and a decline of inflation rate, partly explaining why immi-
gration could be considered a disinflationary force of the host country. Finally, our results demonstrate
that in the short-run the demand side effect of immigration dominates any supply side effect and hence
raise inflation, but in the long-run immigration can be proved a disinflation force in case newcomers are

more productive than native agents.
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1 Introduction

The consequences of international migration on the macroeconomic position of the host countries have
constituted an issue of major concern for monetary policy makers, since official data suggest an enlarge-
ment of labor force movements from developing and poor countries to developed nations, such as the US,
European Union members, even Japan, a traditionally closed country. In a globalized world where there
is free movement of goods and production factors, immigration appears to follow an upward trend. Each
year around a million of people migrate legally to the US, while European Union accepts approximately
2.8 million of foreigners. Immigration can be further decomposed to legal and illegal components.

In general, immigration is classified according to three criteria: first, the type of workers; second, the
duration of residence of foreigners in the host country; third, immigrants” political status (Ethier, 1986).
According to the first criterion, there are immigration flows of either high-skilled or low-skilled workers.
The second criterion separates immigrants between workers of permanent and temporary residence. Usu-
ally, immigrants who intend to live permanently in the host country are high-skilled laborers, who migrate
in order to find a job that matches their capabilities. In contrast, immigrants of temporary residence are
low-skilled workers who migrate either because of poor living perspectives in their home countries or be-
cause of the seasonal demand for unskilled labor existing in developed economies. The political status
of foreigners distinguishes immigration between legal and illegal. Illegal immigration mainly concerns
unskilled workers from poor countries, who find crossing the borders as the only way to improve their
lives.

Although potential combinations of the above categories give numerous types of immigration flows,
recent studies (Dench et al. 2006, Blanchflower et al. 2007) suggest that in UK, a representative devel-
oped country of Europe, labor force inflows usually concern unskilled, low-paid workers, who enter either
legally or illegally, but for short-run employment residence of one or two years. The welfare gap between
developed and developing countries tends to support the low educational attainment or skill abilities of
immigrants. Indeed, the lack of knowledge of native language puts a barrier between natives and foreign-
ers. Other studies (Saleheen and Shadforth, 2006) find that immigrants tend to be more educated than
native workers. However, due to their special characteristics, such as the limited information set and the
low knowledge of domestic language, immigrants are mainly employed in low or semi-skilled, low-paid
jobs. In addition, immigrants face a lower probability to find a job that matches their abilities in compar-
ison with natives, and, thus, they hesitate to search continuously for better employment opportunities.
Literature on European immigration concludes that foreigners, independently of their educational level or
skill potentials, are employed in low-skilled positions.

Also, it is observed that Europeans tend to prefer high-skilled, high-paid jobs that reduces the supply
of domestic unskilled labor. Employers in order to satisfy demand for unskilled workers look forward to
unskilled immigration inflows from poor countries. As a result, in the host country a significant portion of
low-skilled workforce is composed by seasonally employed immigrants.

In contrast, for the US economy there is no general agreement about the skill composition of immigra-
tion inflows. On the one hand, Card (2005) adopts empirical data that show concentration of immigrants

in occupations that require low educational level, but, on the other, Peri (2006a,b) shows employment con-



centration of immigrants on both skilled and unskilled jobs.

In any case, immigration alters the magnitude and the skill composition of host countries” total work-
force permanently or temporarily. Both the time varying magnitude and heterogeneity of total population,
caused by immigration inflows, poses the issue of whether immigration creates policy implications for
policymakers. Furthermore, central banks” contention that immigration is placed among the disinflation
forces of the developed economies motivated us to integrate immigration inflows into a standard New
Keynesian model that is widely being used by these institutions.

On the one hand, immigration may be desirable by central banks, as long as they expect immigrants
to fill existing gaps in domestic labor markets. On the other hand, immigration inflows may be unex-
pected disturbances that hit host economies, causing them to deviate from their long-run equilibrium time
paths. In the second case, policymakers should undertake measures to re-stabilize the economy back to
its equilibrium. Apart from affecting the aggregate demand and supply, the different economic behavior
of immigrants from that of natives may affect the traditional channels through which monetary policy-
makers ease exogenous shocks” consequences. Foreigners, who enter the country for one or two years of
residence, neither import in the host country capital holdings nor have the optimizing behavior of natives.
The temporary living in the host country prevents immigrants from obtaining the full information set that
domestic agents possess. The limited information set, a potentially illegal status, as well as the narrow
financial abilities prevent immigrants from participating in contingent nominal asset markets or from in-
vesting in capital holdings. We predict that this heterogeneity of total population may change the efficiency
of central banks’ policy.

While there is extensive literature on immigration which is concerned about the impact of immigration
on domestic labor market outcomes (wages and employment opportunities of natives) !, there is almost
no research on the macroeconomic impacts of immigration flows in a business cycle framework. Barwell
(2007) tackles the issue of immigration out of the limited context of labor market and offers a coherent and
detailed report on the consequences of international migration to the macroeconomic position of a devel-
oped economy, that monetary police committee should be aware of. Briefly, Barwell suggests that an inflow
of immigrants boost both aggregate demand and supply, as long as immigrants are consumers and work-
ers, respectively. From a supply side perspective, an inflow of immigrants is expected to increase the total
population and workforce of the host economy, boosting in this sense the aggregate labor supply. Espe-
cially, immigrants’ job search behavior, such as the willingness to work more hours than natives, their low
working age as well as their intensive search for employment opportunities, boost even farther the labor
supply, and may positively affect supply capacity. Capital stock is expected to be more valuable, trigger-
ing in turn investment spending. From a demand side perspective, immigration not only affects domestic

investment positively, due to the decrease of the capital-labor ratio, but also boosts total consumption. Im-

A traditional debate in the context of labor market concerns the consequences of immigration inflows on domestic wages,
and on employment opportunities of natives (displacement effects). There is extensive literature that examines the impact of
immigration on domestic labor market, giving special attention to the degree of substitutability between natives and foreigners.
There are three strands of the relevant literature: first, immigration inflows reduce the wages of native born workers, as long as
immigration increases the aggregate labor supply relatively to total demand. Second, there is no strong evidence that immigration
affects negatively the outcomes of domestic labor markets. Third, immigration expands the employment opportunities and wage
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migrants” consumption adds to domestic consumption spending, raising in that way aggregate demand.
Barwell (2007:54) points out that the key issue for monetary policymakers, who are interested in control-
ling inflationary pressures, is found on how net immigration flows affect the balance between aggregate
demand and supply.

Taking into account Barwell’s directions, we believe that the limited participation of immigrants to
contingent asset markets, as well as their restricted or even forbidden access to credit markets, under the
same terms that hold for domestic households, should also be considered by monetary policy committees.
The temporary residence of immigrants in the host country is equivalent to a limited information set or an
unwillingness to participate in domestic, real or nominal asset markets. Such immigrants ignore interest
rate movements caused by the policy makers. Monetary policy committees, that use the interest rate as a
policy tool, should reconsider policy effectiveness in stabilizing the economy to various exogenous shocks,
given that a portion of aggregate demand becomes irrelevant to interest rate movements and thus may
remain uncontrolled.

Theoretically, the model of Canova-Ravn (2000), which examines immigration effects on the host coun-
try, constitutes a starting point for future research on immigration at the macro-economy, in a business
cycle framework. Among other things, immigration inflows should not be ignored by the policy makers
as a potential source of economic fluctuations for the host country. Canova-Ravn focused on low-skilled
immigration, examining the implications of different degrees of substitutability between native and for-
eign workers. Under a real business cycle context, Canova-Ravn observed that immigration shocks create
welfare redistribution in favor of natives, but recessionary short-term effects on the macro-economy.

The present paper complements the work of Canova-Ravn (2000), by investigating the macroeconomic
consequences of immigration inflows in a rather more realistic framework with monopolistic competition
and nominal price rigidities. We develop a standard New Keynesian model with no transaction frictions
(cashless economy), but with nominal and real asset holdings (bonds and capital). We decompose the de-
mand side of the host country between native-born and foreign-born households, which are composed by
skilled and unskilled workers. Domestic households are optimizing agents who participate in nominal as-
set and real capital markets, but foreign-born households are rule-of-thumb immigrants who are unable to
save in terms of bond holdings or in capital stock. Their behavior is justified by their restricted information
set or their unwillingness to save in domestic assets due to their short-run residence. In this sense, both
capital and asset markets of the host country are considered segmented.

We also adopt the recent attitude of immigration literature that immigrants and natives are imperfect
substitutes, because they differ in educational attainment, skill levels, and language proficiency. Even
in case natives and foreigners have the same educational level, immigrants” professional experience, cul-
tural origin, characteristics and motivation, distinguish them from the native-born workers (Peri 2006a,b).
Hence, we incorporate in the present analysis a simplified production function used by Ottaviano-Peri
(2005, 2006), in which skilled and unskilled labor are composed by imperfectly substitutable natives and
immigrants.

Central bank exercises monetary policy by using as a policy instrument the nominal interest rate, fol-
lowing a modified Taylor (1993) rule. For simplicity purposes there are no transaction frictions and, thus,

no money balances in the host country. Finally, as long as there is no government sector, there are no bor-
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der enforcement policies that could control and limit immigration inflows. Hence, immigration inflows are
considered as exogenous shocks that hit the host economy unexpectedly.

By investigating the impact of immigration inflows on the optimal paths of host countries” macroe-
conomic magnitudes, we derive three basic results: First, an immigration shock constitutes by itself a
destabilizing force for the host economy, with potentially permanent effects on its macroeconomic po-
sition. Under the context of nominal price rigidities, immigration inflows may create a positive output
effect in the short-run. In the long-run, economy may return back to steady-state equilibrium or deviate
permanently. Long-run effects depend on the “deep” parameters of the model, as well as on whether im-
migration alters the composition of total workforce permanently. Nominal variables such as inflation and
interest rate are only temporarily affected showing a hump-shaped behavior. Second, the model verifies
the re-distributional effects of immigration in favor of domestic households, identified by existing studies
(Canova-Ravn, 2000). In fact, with respect to disaggregated variables, domestic consumption and labor
market outcomes for natives are positively affected by immigration shocks, as long as newcomers compete
with existing immigrants for job opportunities and affect negatively only the labor market of foreign-born
agents. Third, the analysis suggests that even though the standard New Keynesian model does not verify
the deflationary effect of immigration, potential shocks on immigrants” preference behavior, called them
remittances shocks, create a positive response of total output and a downward movement of inflation rate.
The industrious behavior of immigrants, pointed out by immigration literature, may justify the bottom line
adopted by central banks that immigration may be placed among the disinflation forces in host economies.

The remainder of the paper develops as follows. Section 2 describes a standard New Keynesian model
with two types of agents, natives and immigrants, and analyzes the equilibrium conditions. Section 3
provides the baseline calibration analysis, and section 4 presents the main results of the paper, that may
offer useful insights for central banks. Specifically, under the context of impulse response analysis, section
4 describes how immigration inflows destabilize the host country, as well as how shocks on immigrants’
preference behavior may be considered as positive supply disturbances that create deflationary pressures.

Finally, section 5 concludes and offers directions for further research.

2 The Model

2.1 The demand side

The demand side of the economy is composed by two types of agents; natives and immigrants. Natives are
considered optimizing households, who smooth intertemporally their consumption spending, by allocating
their savings both in terms of nominal assets (bonds) and capital holdings (real assets). On the contrary,
immigrants are considered rule-of-thumb consumers who participate neither to real nor to nominal contin-
gent asset market of the host country. Because of their temporary residence, immigrants have restricted
information set about the available saving opportunities offered by domestic asset markets. Alternatively,
immigrants may be unwilling to invest in nominal assets or capital holdings of the host country as long
as they intend to return back to their home countries. In conformity with immigration literature, there are

both skilled and unskilled natives and immigrants, but the latter do not compete directly with natives for



the same employment opportunities. Natives receive skilled and unskilled wages from their employment,
an interest from bond assets, dividends from firm ownership, and rents from capital holdings. On the
contrary, immigrants receive only labor income. The participation constraint of immigrants in a complete
contingent nominal or real asset market constitutes the main characteristic of the present framework. Be-
cause of migrants’ inability or unwillingness to invest in domestic capital stock or nominal assets, domestic

asset and capital markets are considered segmented.

2.1.1 Domestic Households

Domestic households derive utility from consumption Cy, and disutility from labor supply H,;. Natives
own the total capital stock of the host country, make investment decisions and participate in a perfect
market of contingent securities B;. During every period, the representative domestic household chooses
consumption Cy;, labor H;;, bond holdings By, and investment spending X, in order to maximize the
expected, discounted, present value of its lifetime utility subject to a sequence of flow budget constraints

and the capital accumulation equation. Lifetime utility is given by

Eo ) B agen(Cay) +In (1 — Hyy)]
t=0

where E denotes the rational expectations operator using information up to time t = 0, 5¢(0, 1) is the sub-
jective discount factor, 1 — H;; represents leisure time. The momentary utility function is log-separable in
its arguments to make the model consistent with the balanced growth properties. The aggregate domestic
labor index is assumed to take the form
Hgy = {(Hs,t)%ﬂ + (Hé‘t)%ﬂ] -

where 0 > 0 and H it’ H Zf,t denote the total skilled and unskilled labor offered in the production sector
by natives. The above labor index implies that domestic household offers labor in every sector even if
skilled and unskilled wages are not equal. In other words, we have a composite household with a portion
of its members offering skilled labor while the rest one being unskilled. In case of 0 — oo, skilled and
unskilled labor would be perfect substitutes and the household would devote all labor to the sector paying
the highest wage. The term a4, is an exogenous preference weight on consumption that follows a first

order autoregressive process of the form

In(aq) = (1 = pay) In(@a) + pa, In(agr) +€ay
with 0 < p,, < 1,and €,,, be a normally distributed error with standard deviation o, > 0. The preference
shock g affects the marginal rate of substitution between consumption and leisure, and, in general, has
been proved a source of business cycle dynamics (Ireland, 2004). The period budget constraint takes the
form

B W W By,
Cat+ Xags+ =2t < (=28 HE, 4+ (=25 ) HY, + rF K+ (1+40) | 2221 ) + Dy,
’ ’ P, P, ’ P, ’ ’ P, ’




where Cq+, Xat, Bat/P:, Kat, and Dy, represent consumption, investment, bond holdings, capital, and
profits in real terms, respectively. Also, rf and 7; denote the rental price of capital and the nominal in-
terest rate. The budget constraint shows that, during each period, total wealth of domestic household
is composed by labor income, rents of capital, dividends from firm ownership, and interests from bond
holdings. Notice that there are no money balances in the optimization problem, since by assumption there
are no transaction frictions in the present framework. Also, for simplicity purposes we have ignored any
quadratic cost of capital adjustment, which is only expected to make the final results more persistent. The

capital accumulation equation takes the benchmark form

Kipr=(1—0)Kaqs + Xay

where 0 < § < 1 gives the capital depreciation rate. We transform the above problem, in per capita terms,
by dividing each variable with the total number of native agents in the host country, given by N;;. The

problem becomes as follows:

oo
max . - E() Z ﬂt [ad,t ln(cd7t) + In (1 — hd,t)]
{caehy b ok}, 1=0

subject to

1. the sequence of period t budget constraints:

bast
P,

. bai—1\ 1
Cdt + Tar + < wgpthg, + wé‘,t(l - ¢t)h3,t + Tfkd,t + (1 +i¢-1) < : ) E +day

2. the capital accumulation equation:

gd ki1 =1 —=0)kas +xas

where, Cdt = Cd,t/Nd,t/ hay = Hd,t/Nd,t/ hz,t = Hit/Nitr h?j,t = H(Zt/NZlft, bat = Bd,t/Nd,t/ wfi,t = Wj,t/Pt,
wg, = Wi, /P, kay = Kat/Nat, ot = Xat/Nat, dar = Dai/Nat give the corresponding per capita
variables, and ¢; = N i /Nat, gl = Nat+1/Ngy give the fraction of skilled domestic agents on native -
born population and the growth rate of domestic population, respectively. As long as we are interested in
immigration inflows, both the ratio ¢; and the growth rate of domestic population are assumed constant
(pr = ¢, g = g%). In addition, the aggregate domestic labor index in per capita terms takes the form

o+1 o+1 UL-Q»I
’ ]

hay = [(thhz,t)T +{(1 = de)hs }

where hj ,, hg , give the number of labor hours offered by skilled and unskilled domestic workers, respec-

(2.1)

tively.

Solving the above optimization problem we derive the following first order conditions:

gy 6] . g i1 < Py ﬂ
== | (1+9)E | —— [ —— 2.2
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Cd,t g Cd,t+1

1
1 ¢th2t>g (Cvdt>
: = =) w? 24
(1 - hdﬂf) < hat Cd,t at @4
(1 - e0ht,\
1 L—=o)hg, \° (adt>

: = = wY 2.5
<1 - hd,t) ( hat ) Cdt dt @5)

) by i— 1
= wj,dehly, +wi, (1 — ¢, +rikay + (L+i—1) < d]’% 1) e + day (2.6)

ba ¢
P,

Cdt + Tt +

gd . kd7t+1 = (1 — 6>kd,t + $d7t (27)

Condition (2.2) gives the Euler equation of bond holdings which shows that the marginal cost of spend-
ing one unit of consumption on bond holdings should be equal with the expected discounted present value
of the gross nominal return of bonds in terms of marginal utility units. Accordingly, condition (2.3) gives
the Euler equation of capital holdings which states that the marginal cost of spending one unit of con-
sumption on capital stock should be equal with the expected discounted present value of the return of
investment (the gross rate of return on capital net of depreciations) in terms of marginal utility units. A
combination of the above Euler equations gives the relationship between the real interest rate and the gross

nominal interest rate. In log-linearized form this relationship is given by

Ey (Rt+1> = fy — Bt (f41)
where R, is the gross real interest rate (R; = rf + 1 —9), 7 the gross nominal interest rate, and 7; the gross
inflation rate in log-linearized terms. The latter condition reflects the arbitrage opportunities between cap-
ital ad bond holdings (real versus nominal assets) offered to domestic households.

Conditions (2.4) and (2.5) determine the optimal skilled and unskilled labor supply of domestic house-
holds as they equate the marginal rate of substitution between skilled - unskilled labor and consumption
with the ratio of their prices, namely the real skilled and unskilled wage, respectively. Finally, conditions
(2.6) and (2.7) give the time period budget constraint and the capital accumulation equation, which are
necessary for deriving the market clearing condition in good and capital markets. Note that in a symmetric
equilibrium where bond market clears (%’5 = bd}%l = 0), domestic agents do not hold any nominal asset,

and thus bond holdings are dropped out from (2.6).

2.1.2 Immigrants

There are two strands on immigration literature about the skill composition of foreign-born population: on
the one hand, it is supported that immigration inflows do not alter the skill composition of domestic work-
force, and thus skill composition of immigrants resembles that of natives (Peri 2006a,b, Dustmann et al.
2005); on the other hand, empirical studies adopt data that evidence low average schooling of immigrants,

which is translated to unskilled immigration inflows (Borjas 2003, Card 2005).
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We generalize the present analysis by considering both skilled and unskilled immigration shocks and
assuming that foreign-born households are composed by both skilled and unskilled immigrants. Immi-
grants are imperfect substitutes of domestic workers, even within the same educational or skill group, and
thus do not compete with natives for the same job opportunities.

As long as we study mainly short-run immigration inflows, by assumption, immigrants neither invest
in capital stock nor save in terms of domestic asset holdings. Their rule-of-thumb behavior may be justified
by immigrants” limited financial abilities, lack of full information set that natives possess, or potentially
illegal political status 2. In addition, the central motive of immigrants to send a large fraction of their in-
come back to their families, living in their home country, may explain their unwillingness to invest in real
or nominal assets in the host-country. For these reasons, we consider immigrants as rule-of-thumb agents
who consume all of their labor income in the current period. Although immigrants” behavior differs from
that of natives, we assume that both representative households have identical preferences. Immigrants
derive utility from consumption spending, but disutility from labor supply. In order to ensure a compat-
ible steady-state equilibrium (King et al., 1988), momentary utility function is log-separable in both of its

arguments. Immigrants” optimization problem is formulated as follows:

o
max Ey Z gt (it In(Cim ) +1In (1 — Hipy t)]
t=0

subject to a series of time period budget constraints

W, w
Cons = (~ ) Hima + (=) i

The aggregate labor index of immigrants is identical to that of natives and is given by

o1 o+l 557
Hime = [(H3) ™+ (Hing) " |
where o > 0, and H;,, ,, Hj;, , denote the total skilled and unskilled labor of immigrants, offered in the

production sector. Clearly, the above labor index implies that foreign-born households offer labor in both
sectors even in case skilled and unskilled wages are not equal. In other words, we consider a composite
foreign-born representative household with a portion of immigrants supplying skilled labor and the rest
one being employed in low-skilled jobs. In the extreme case of o — o0, skilled and unskilled labor would
be perfectly substitutable, and immigrants would have devoted all labor to the sector paying the highest
wage.

We transform the above problem in per capita terms, by dividing each variable with the measure of total
immigrants in the host country given by N, ;. The optimization problem of a representative foreign-born

household is written as

o
max Ey Z gt [Qimnt In(Cimt) +1n (1 — him )]
{cim,tvhfm’tvh;ﬁm,t} t=0

%An analogous assumption was taken by Hazari and Sgro (2003) where wages paid to illegal immigrants were equal to immi-

grants’ consumption spending.



subject to

Cim,t < wfm,tAthfm,t + w?m,t(l - )‘t)h?m,t (28)

. —_ (. . s — WS u — W s _ 7S s u _ gu u
where Cim,t = sz,t/sz,t/ Wimt = im7t/Pt/ Wimt = im,t/Pt/ himﬂf - Him,t/NimJ’ h’im,t - Him,t/Nim,t’
_ NS
)\t = Nim,t/Nim,t and

2.9)

o+1 a+1] ULH
[eg

hima = |l e) ™+ {1 = M)At}

We treat immigrants’ preference weight over consumption «;,,; as an exogenous stochastic variable

that follows a stationary first order autoregressive process of the form

1n(aim7t) = (1 - pazm) ]‘n(alm) + paim hl(aimﬂf) + gaimvt

with 0 < p,,,, < 1, and &,,,, + be a normally distributed error disturbance term with standard deviation
Caim > 0.

The first order conditions of the representative foreign-born household are the following;:

1

1 )\thfmt>" <Oéz'mt>
d = ws d 2.10
<1 - him,t) ( him,t ot Cim,t ( )

1
1 (1= A)hi,  \ ™ it
: =w} : 2.11
<1 - him,t) < him,t > wzm,t < Cim,t > ( )

and the above budget constraint holding as a strict equality, during every period t = 0,1,2,...3

2.2 Population Dynamics

The total population of the host country is composed by native-born and foreign-born agents: domestic
households and immigrants. A fraction (¢;) of domestic households and (\:) of immigrants is composed
by skilled workers, while the rest one by unskilled agents (1 — ¢, and 1 — ), respectively). As we work out
the model in per capita terms, it is necessary to develop the population dynamic conditions.

By definition, the share of domestic households in total population (;) is given by the ratio of their

total measure Ny, to the total number of agents of the host country /V;; namely:

_ Nag
Yt 7Nt

which gives

3Numerous studies, for example Djaji¢ (1987), Jahn and Straubhaar (1998), Rivera-Batiz (1999), Hazari and Sgro (2003), Moy
and Yip (2005), underline and adopt the “wage discrimination” against immigrants, which is mainly observed in wage earnings of
unskilled, illegal immigrants; namely, w;;, ; = 5; w;y, ¢, with discrimination coefficient given by 0 < 8;” < 1. We incorporated in
the present analysis the “wage exploitation” of unskilled immigrants, by considering the exploitation measure, givenby 1 > 7, =
1— " > 0, as a stochastic variable that follows a white noise process. The impulse responses showed a negative but infinitesimal

response of inflation rate.
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g
Ve = <tT> V-1 (2.12)

9t
By assumption the gross growth rate of native-born workers (g¢ = Nat/Nqt—1) is constant over time,
that is gf = ¢%and equals unity (Ng; = Ng¢—1). The term gl = Ny/N;_1 determines the gross growth rate
of the total population. Using the definition of aggregate population, which is the sum of the measure of

each class of agents, that is

Ny = Ngt + Nimt

we derive a relationship between the gross growth rate of aggregate population and the growth rates of

the corresponding classes of agents, as follows: 4

g = g1+ g™ (1 — 1) (2.13)

Equivalently, foreign-born population is composed by skilled and unskilled workers. That is,

Nimg = Nipy + N2

7 wm,t

which gives the definition of growth rate of immigrants” population in the host country:

9" = Gima A1+ Gim g (1= A1) (2.14)
The fraction of skilled immigrants on foreign - born population (\;) is defined as

sz,t
A= —-
Nim,t

which may be rewritten as follows:

A = (g"yjj) A (2.15)
9t

221 Temporary immigration shock

We assume that immigration shock involves an influx of immigrants, either skilled (N, ;) or unskilled
(N, 1) By considering the number of native agents constant in the short-run (Ng; = Ny), the number

of agents in the total population is written as V; = N4+ Nimt, and thus the fraction of natives on total

population becomes
N,
== (2.16)
Ng+ Nipm.t
Accordingly, by definition, the fraction of skilled workers on foreign-born population is given by
A _ HNimp (2.17)
" N+ N |

4 _ ) Ny _ Nat Ngi—a Nim,t Nim,t—1 T _ d im d__ d
Nt = Na,t + Nim,t = 5,5 = Navt Moot ¥ Nimid Moy 9t = 9evi-1t Gt (1 —7-1)and gi = g“.
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with Nyt = Nj, ;+Nj, , determining the number of immigrants on the host country, composed by skilled
(N;.0) and unskilled (N}, ;) workers.

m,t

Skilled immigrants influx We examine an influx of skilled immigrants separately from unskilled immi-
gration inflows in order to identify any potential difference between these two kinds of temporary shocks
on the macroeconomic magnitudes of the host country. We assume that in the short-run the number of un-
skilled immigrants remains fixed, while skilled immigrants (IV;,, ;) enter the country unexpectedly. There-

fore, we model

im im,t

N¢ ,=N;, and N; NG, (2.18)

where the exogenous variable 1i; follows a stationary first-order autoregressive process of the form

In(pe) = ppIn(pe—1) + €p

with 0 < p, <1, and ¢,,; be a normally distributed error disturbance term with standard deviation o, > 0.

Unskilled immigrants influx Equivalently, in order to examine an unexpected influx of unskilled immi-
grants only, we assume that, in the short-run, the number of skilled immigrants remains constant and

unskilled foreigners (NN, ;) enter the country. That is,

s _ 37S
im,t N’Lm

and N Ny, (2.19)

im,t

where the exogenous variable ji; follows the stationary first-order autoregressive process described above.

2.2.2 Permanent immigration shock

Permanent immigration shocks alter both the skill composition of the foreign-born population in the long-
run, and the ratio of natives on total population of the host country. In each case, permanent immigration
inflows are introduced by considering as a stochastic variable the growth rate of each foreign-born popu-

lation rather than the number of the corresponding foreign-born agents.

Skilled immigration shock We introduce in the host country a skilled immigration shock by assuming

that the gross growth rate of skilled immigrants g;,, , is given by

Gimt = it * 1t (2.20)

and the gross growth rate of unskilled immigrants constant

gium,t = gium (221)

The term 1, is an exogenous variable that follows a stationary first order autoregressive process of the form

In(pe) = ppIn(pe—1) + epe
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with 0 < p, <1, and ¢, ; be a normally distributed error disturbance term with standard deviation o,, > 0.

Unskilled immigration shock Alternatively, we insert an unskilled immigration shock by assuming that

the gross growth rate of unskilled immigrants g;;, ; is given by

Gimt = Gimt * Mt (2.22)

and the gross growth rate of skilled immigrants is constant

gism,t = gfm (2.23)

with the exogenous term i; described above.

2.3 The supply side

The supply side of the economy is composed by je[0, 1] intermediate goods firms, each one producing
a differentiated product in monopolistically competitive markets. The representative intermediate goods
firm hires total labor, and rents capital from natives. Total labor is a CES aggregate of skilled and unskilled
one, offered by natives and immigrants. Also, there is a representative final good-producing firm, operating
in a perfectly competitive market, that uses the intermediate goods je[0, 1] as inputs so as to produce the

final homogeneous good Y;.

2.3.1 Final good-producing firm

The finished good-producing firm uses Y;(j) units of each intermediate good je[0, 1] as inputs, purchased
at price P;(j), to produce and sell Y; units of the homogeneous final good. The constant returns to scale

production technology of the finished good Y; is of Dixit-Stiglitz (1977) form, given by

1 e—1 ﬁ
Unmeﬂ >,
0

In per capita terms, the above production function becomes

1 . E_]‘ . ETSjL
[/O ye(j) = dj] >y

where y; = Y;/N; denotes per capita output, and € > 1 represents the elasticity of substitution among

the intermediate goods je[0, 1]. The higher value ¢ takes, the more competitive the market of intermediate
goods becomes.
The final good-producing firm minimizes the total production cost subject to the above constant returns

to scale technology. Specifically, the optimization problem is written as

1
{;Itl(lj%} /0 [P (5)ye(5)] dj

subject to
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1 LE—1 €i1
[/0 ye(j) = dy] >y

In aggregate terms, the first order condition is given by

P(j)]°°
Yi(j) = [ ;ﬁj )] Y (2.24)
and in per capita terms by
, P(j)]°
w) = |22 .29

for all je[0,1] and ¢ = 0,1, 2,... The latter conditions define the demand for the intermediate good je[0, 1]
by the finished good-producing firm, satisfied during every period by the intermediate good-producing

firm. Finally, the perfectly competitive nature of the final good market implies a zero profit condition,

by = (/01 Pt(j)l_adJ')lig

where P, is the aggregate price level, and P;(j) is the price of each intermediate good j¢[0, 1].

which yields

2.3.2 Intermediate good-producing firm

In standard New Keynesian models there is a continuum of intermediate good firms, indexed in the unit
interval je[0, 1], each one producing a differentiated productj. Every firm j uses labor and capital as inputs
of production, and charges a price P;(j) for its product in a staggered fashion. The monopolistic nature
of intermediate good sector allows each firm to charge a price P;(j) without loosing a significant fraction
of sales. Staggered price setting can be inserted either by assuming a quadratic cost of nominal price
adjustment that every intermediate good firm faces, as Rotemberg (1982) described, or by assuming that
each firm je[0, 1] resets its price whenever receives a random exogenous signal with probability 1 — §, as
Calvo (1983) described.

Cost minimization problem First, intermediate good-producing firms determine the optimal quantity
of production inputs, labor and capital, in order to define their optimal production cost. Note that there
are so many intermediate firms so that each one is unable to affect the wages of labor and the price of
capital. Hence, real wages and the rental price of capital are taken as given by each firm je[0,1]. For
simplicity purposes, the index je[0, 1] is ignored by the following specific problem that each representative

firm je[0, 1] faces. Firm minimizes the total real cost of production

: s s u u s s u u k
min { wa Hyy +wg Hyy + wip, 1 Hipy  + Wiy o Hipy y + 10 Ky }

subject to the production technology
Yi= 2 [CHYY + Hyg?| 7 K
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where K, denotes the aggregate capital stock, ae(0, 1) is the share of efficient labor Hf on total output,
¢ > 1 reflects the productivity difference between skilled and unskilled labor, and p > 0 is the inverse of
the elasticity of substitution between skilled and unskilled labor. We distinguish labor between skilled and
unskilled one, as long as immigrants are concentrated on skilled or unskilled jobs (Peri 2006a, b). Obvi-
ously, the production function of intermediate good-producing firm je[0, 1] is a Cobb-Douglas function of
constant returns to scale, with two inputs of production: efficient labor (Hy) and capital (K;). Thus, we

may write:

Yi(j) = Z [Hf]" K,
1
where Hf = [C H 81;’) +H i;p "7 defines aggregate labor in efficiency units. In the production function, the
term Z, reflects a stochastic aggregate productivity disturbance that follows by assumption an exogenous,
stationary, first order autoregressive process

In(Z) =(1—p.)In(Z) + p, In(Z4—1) + €21
with 0 < p, < 1and ¢, be a normally distributed disturbance term with standard deviation o, > 0.
According to Peri (2006a), immigrants and native workers are imperfect substitutes, because they differ
in educational attainment, skill levels, and language proficiency. Even in case natives and foreigners have
the same educational level and skill abilities, immigrants” experience, cultural origin, characteristics and
motivation, distinguish them from the native-born workers. As a result, we use a simplified version of
Ottaviano - Peri (2005, 2006) production function, in which skilled (H;) and unskilled (H, ;) labor are

considered as a CES aggregate of natives and immigrants; that is

1

Hiyy = [ws (H3,)' ™" + (M) 7]

and

Hus = [ (H3)' ™ 4 (118, ] 7

The parameter p; > 0 determines the elasticity of substitution between native-born and foreign-born
skilled workers, and p, > 0 determines the substitutability between unskilled natives and unskilled immi-
grants. The alternative viewpoint that natives and immigrants are perfect substitutes (Card, 2005) can also
be adopted by setting p; = 0, and po = 0. In this case, skilled and unskilled labor become linear functions.

Also, parameters w; > 0, and w,, > 0 reflect productivity differences between natives and immigrants,
for skilled and unskilled population, respectively. Ottaviano - Peri (2005) adopt the hypothesis that there
is no productivity difference between natives and immigrants within each skill-educational group, which
impliesws = w, = 1. Nevertheless, a range of values for the coefficients of productivity differences between
native-born and foreign-born workers can be examined in order to implement a comparative static analysis.

By writing the above problem in per capita terms we have:

: S S
min w hy,+
(h Bt RS R R { d,t¢t% d,t

d,t""d,t" im0 im,

+w3,t(1 - ¢t)7th3,t + wfm,t)‘t(l - %)hfm,t + wym,t(l — ) (1 — ’Yt)h?m,t + Tfkt }
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subject to

ye = Zy [hg]" ky
where

1

B = [chie? + | (2.26)
_1
P = [ws {mauhiz } ™" + {1 = 3)Ahi )0 (2.27)
1
e = @ {1 = oAl } ™7+ {(1 =)0 = Akl } 77| (228)

give the per capita efficient labor, the total skilled and unskilled hours, respectively. The first order condi-

tions of the above cost minimization problem are summarized by the following:

w? 1—y)N\hs 17
sd,t = w, ( fyt) z im,t (2.29)
Wi Yedehy
wfi Ws - - - s 71— U
T’t = <> hg,lt phﬁ,tpz%pz 7 [¢thd,t] n [(1 - ¢t)hd,t] P (2.30)
wy, Wy,
w? o _
ud7t = Qwshg,lt phﬁ,tm [’Yt(bthcsi,t] o [(1 =) (1 — At)h?m,t] - (2.31)
im,t
wit a o p— _ s 1-
Tf = Cws <1 — a> (ht)p 1 k‘thg’lt P [7t¢thd,t] P (232)
and the production function
ye = Zy [h§)" kO (2.33)

Pricing decision problem One may now turn to the pricing decision problem of the representative inter-
mediate good-producing firm je[0, 1] which gives the time pattern of aggregate price level in a symmetric
equilibrium. Due to monopolistically competitive markets, each firm is able to choose a unique price P;(j)
for its product in order to maximize the expected discounted value of its profits. Nominal price rigidities
are introduced in the present framework by assuming 4 la Calvo (1983) staggered price setting.

According to Calvo (1983), each firm resets the price P;(j) whenever receives a random signal with
probability 1 — 6, which is independent from the time elapsed since the last adjustment and the pricing
decisions of other firms. As a result, during every period t, a fraction 1 — 6 of intermediate firms receives
the random signal and resets its price, while the remaining fraction of firms 0e(0, 1) charges a price equal
to the general price index of the previous period, that is P;(j) = mP,—; (static indexation formulation). The
representative intermediate good firm chooses a price P;(j) for its product so as to maximize the expected
sum of its future profits, discounted by the pricing kernel and the probability that its optimal price will

remain fixed in the future. Thus,
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max F. 911\ ZD 7 ]
e, t; t+i [Diri(7)]

where

Di(i) = Dasti) = | 762 vith) - ey 1

determines real profits of period t, in aggregate terms. As long as natives are the exclusive owners of

domestic firms, in effect, real profits are earned only by natives, and as a consequence the subjective dis-
count factor of real profits, given by the term A;;, is the marginal utility value to representative domestic

household of an additional unit of profits. Thus, the pricing kernel is given by

i [ Qdt+i
Ay =03 < )
Od,t—i—i

In per capita terms, representative firm je[0, 1] maximizes

s B0 () s (= ) [ (B2 Yot - €t

d t-+i Nd,tJrz

or

s 2o (2] (50 [(52) et - metsmest

Cd,t+i Vt+i

subject to the demand for product je[0, 1] by the final good firm, given by condition (2.25). The first order

condition of the above problem

0o i 1 Py \© -1
Py € B> 2006 [O‘d,tﬂcd,mmctﬂ (w%) yt+i%+i}
e—1

?t B . P e—1 (2~34)
B2 005 |:ad7t+ic(;,%+i (Wf}i) yt+i7t_+11':|
along with the condition of aggregate price level dynamics
Pl =0(nP_y) 4+ (1—-0) (P F (2.35)

determine the equilibrium conditions of the supply side of the economy.

In case there were no nominal price rigidities, the above pricing decision condition would have reduced

Pt(j):mc* €
P, t\le—1

which states that the price P;(j) of an individual firm je[0, 1] relatively to the aggregate price index F;

to

is a mark-up (m; = ¢/(¢ — 1) > 1) on its marginal cost of production. This comes as a consequence of
the monopolistically competitive nature of the intermediate goods markets. The elasticity of substitution
among intermediate goods (¢ > 1) determines negatively the mark-up, which means that the higher the

elasticity € becomes, the lower value the mark-up of prices on marginal cost takes.
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2.4 Aggregation

Given that total population is composed by native-born and foreign-born households, each per capita
aggregate variable is a weighted average of the corresponding disaggregated magnitudes. For example,

total consumption is the sum of natives and immigrants’ one,

Ciy = Cat + Cimp

which in per capita terms is given by

ct = car + (1 —Ye)Cimye

Taking into account that immigrants do not invest in capital holdings, aggregate per capita capital stock

(k¢) and investment (z;) are defined as follows:

ke =~ kar + (1 — ) kime = ke =y - kay  since ki =0

= Tag + (1= V) Timye = T4 = Ve - Tay  Since  Xyp ¢ =0

In addition, aggregate profits of intermediate good-producing firms are distributed only among domes-
tic households. In other words, there is no portion of total profits that goes to immigrants; thus, D, ; = 0.

Therefore, we may write

Dy =Dyt + Dimy = Di=Dgy

which in per capita terms becomes

D; N, D 1
2 - u(2)-a
Ny Nd,t Nd,t Ve

where d; defines the dividend share in case all agents had access to profits allocation, and dg ; determines
the dividend share earned by each native agent.
Accordingly, given that immigrants do not have access to contingent nominal asset markets, total bonds

in the host country equal bond holdings of domestic households. Thus,
By = By, or bt = Ytba t

2.5 Monetary policy

We consider an independent central banker who conducts monetary policy by simply following a modified

Taylor rule of the form

Pt = prie—1 + (1 — pr)oae + (1 — pr) by + v (2.36)
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where the exogenous variable v; = &, is a white noise with ¢, ; ~ iid(0, o2), which represents the unex-
pected increase of gross nominal interest rate by the central bank (unexpected monetary policy). Coeffi-
cients ¢ > 0and ¢, > 0 satisfy the Taylor principle, and an interest rate smoothing component (0 < p, < 1)
is included. Following Rabanal (2007) we take p, = 0.8, ¢ = 1.5, and ¢, = 0.1. Note that for the calibrated
values of the above Taylor rule coefficients, the existence of a unique equilibrium for the present rational

expectations model is guaranteed (Gali et al. 2004).

2.6 Market Clearing conditions

In a symmetric equilibrium, all agents take identical decisions and all markets clear. As a result, h3,(j) =
B W) = Wy B, () = Wy hE,G) = B RSG) =BG, k() =k me() = me,
yt(]) = Y, dd,t(j) :dd,t/ Pt(]) :Pt/ for a11j€[07 1] andt:071727"’

Clearing in bond market requires B; = B;_1 = 0 or accordingly bq; = bg:—1(1/ g% = 0. Taking into

account the above, the market clearing condition (aggregate resource constraint) becomes

Yt = Yecde + (1 — 7¢)Cimyt + VTt

3 Solving the model

3.1 Symmetric equilibrium

In a symmetric equilibrium all markets clear and all agents take identical decisions. Thus, the equilibrium
conditions of the model are summarized as follows:

Domestic Households:

Cat + Tap = wfl,t¢hfl,t + wéﬂt(l - (b)hg,t + Tfkd,t + day (3.1)
9% kg = (1= 6)kay + zay 3.2)
1 P,
Qdt = (i) TtEt |:OW <):| with Tt4+1 = tl and e = 1+ it (33)
Cdt g Cdt+1 \Tt+1 Py
Qqt B [(ad t+1> ] . k
- ==K —— | R with Ry =7r{+1-9 3.4
car g t cain t+1 -+ t+1 (3.4)

1
1 ¢h¢81t>" (adt>
: = =) wh 3.5
(1 - hd,t) ( hat Cd t ot (3:5)
(- o), \?
1 L=9)hg,\° (@dt>

: = =) wY 3.6
(1 - hd,t) ( ha.t Cdt at (3.6)

o+1

hae=[(6-03) 7 + {1 -y} ] (37)
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Immigrants:

) .8 s u
Cim,t = wim,tAthim,t + Wi, t( )‘t)hzmt

1 )‘thzmt % S Qim,t
1-— him,t hzm,t ot Cim,t
l
1 (1 - )‘t)hgmt u Qi t
1- him,t him,t st Cim,t

U+1] U+1

him,t = [(Athzmt) U: +{ 1 - )‘t zmt}i

Tt = <gd> V-1
9t

9 = g%-1+ g™ (1 — vi-1)

Population Dynamics:

9" = G a—1 + Gim .y (1= Ae21)

Supply Side:

= Qs R i) 7 (L= ) (L= M), ]

im,t

w3 a enp— _ s 71—
k’t = (s (1 ) (h§)P ™" kb [vehly, ]
7t —a

e = Zy [h)" k7
1
1= [orkee + ]

1
hsy = [ws {Vtgbhfl,t}l_pl + {(1 . 'Vt))‘thfm,t}l_pl} T—p1
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(3.9)

(3.10)

(3.11)

(3.12)

(3.13)

(3.14)

(3.15)

(3.16)

(3.17)

(3.18)

(3.19)

(3.20)

(3.21)

(3.22)



Pt = |wa {201 = O} + {1 =) (1 = M)ht, | (3.23)

P ( c > By 2,06 [ad,t—i-iC;jJrimCtJri (%) yt+i'7t+1i} (324)
Py e—1 o0 i -1 Py el -1 .
Ey Ei:g 03 Qdt+iCq v \ 7ip, Yt+iV e
Pl =0(xP )+ (1 —0) ()" (3.25)
k

mey = ————— 3.26
T l-aw (3.26)

1
das = — [yr — mcs - yi (3.27)

Tt

Taylor Rule:

ft = prie—1+ (1 — pr)dnfie + (1 — Pr)%@t +ert (3.28)

Since the model cannot be solved for analytically, we log-linearize the above system of equilibrium
conditions around the steady-state, and, then, we solve it according to the complex generalized Schur

decomposition method presented by Klein (2000).

3.2 Baseline Calibration

We calibrate the model to a quarterly frequency by setting reasonable values for the “deep” parameters.
With regard to preference parameters, we set the subjective discount factor 3 equal to 0.99, which implies
a value of the steady-state annual real interest rate equal to 4%.

With respect to labor market, we assume that each type of worker spends one third of her total time
endowment to labor activities (Ghez and Becker 1975, Hansen 1985) that is k) = hy = h, . = hy, = 1/3.
We also take o = 1 (Bouakez et al., 2005), the coefficient of productivity difference between skilled and
unskilled labor equal to ¢ = 1.3 (Canova - Ravn, 1997) 5 the coefficients of productivity difference between
native-born and foreign-born skilled and unskilled workers equal to ws = w, = 1. In other words, we
adopt the standard assumption that natives and immigrants within the same skill-educational group have
the same labor efficiency (Ottaviano - Peri, 2005, 2006).

With respect to labor substitutability parameters, we take p = 0.67, which implies an imperfect substi-
tutability between skilled and unskilled labor (the elasticity of substitution between skilled and unskilled
labor is given by o = 1/p) ¢, and also p; = 0.2, po = 0.1. The calibrated values of p; and py denote an

®Canova - Ravn (2000) take ¢ = 2, which is considered a reasonable upper bound for this parameter according to Kydland and
Rios-Rull (Canova-Ravn 2000: 440).
®Ottaviano - Peri (2005) estimate the elasticity of substitution between group of workers which is found on the interval [1.5,

2]. Such values imply an interval [0.5, 0.67] for parameter p. Also, Canova - Ravn (1997) take two alternative values for labor
substitutability: p = 0, where the two types of labor are perfect substitutes, and p = 0.25, where there is a moderate degree of
substitutability. Finally, Canova - Ravn (2000) set either p = 0 or p = 0.5.
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elasticity of substitution between natives and immigrants for skilled and unskilled labor equal to o}, = 5
and o}, = 10, respectively (Ottaviano - Peri, 2005), which means that immigrants within a skill-educational
group are not perfect substitutes of native-born agents, but between the two groups unskilled workers are
more substitutable.

The elasticity of substitution among intermediate goods is set equal to ¢ = 6 which, in a flexible price
equilibrium regime, implies a constant mark-up of prices on marginal cost equal to 20% (m = 1.2)”. Also,
the average duration of optimally charged prices is one year; this is translated to a fraction of firms that
retain constant prices equal to § = 0.75.

About population dynamics, the steady-state fraction of optimizing domestic households on total pop-
ulation is set 7 = 0.75 (Canova-Ravn, 1997), that is 75% of the total population of the host country consists
of optimizing domestic households while the remaining 25% are rule-of-thumb immigrants. The growth
rate of domestic population is considered constant and equal to unity; namely, gf = g¢ = 1 which implies
a stationary domestic population: Ng; = Ng;—1, V t =0,1,2,... The portion of highly skilled natives
on domestic population is assumed 40%, and a half of foreign-born agents are unskilled workers.

Finally, the depreciation rate of capital is set § = 0.025, which means an annual 10% depreciation, and
the share of labor on total output is assumed to be a = 0.64. According to Ireland (2004), the steady-state
values of aggregate productivity and inflation rate leave the dynamics of the model unaffected. Thus, we
may set Z = 1.0048, and 7 = 1.0086 which are the mean values of the corresponding magnitudes, using
quarterly data of the US economy for the period 1948:1 - 2003:1.

For 7 # 0, condition ¥ = (g—;i) 7 yields g7 = g? = 1. Then, substituting g7 = g% = 1 in the definition
g7 = g% + g™ (1 — 7) we take for 7 # 1 that g™ = g¢ = 1. From the ratio of skilled workers on foreign -
born population and for A # 0 we derive g5, = "™ = 1. Accordingly, from the definition of immigrants’
growth rate population we take for A # 1 thatg¥ =g =g =1.

Then, the Euler equation for bonds gives 1 = (37)/(¢%%) and the Euler equation for capital 1 = 3R/g%.
Therefore, we obtain the steady-state values of gross nominal interest rate (7), of the gross rental rate of
capital net of depreciations (R) and of the rental price of capital (7* = R — 1 + 6).

Turning to supply side equations, given that each type of worker spends one third of its total time
endowment to labor activities, we find the hours of total domestic labor (h,), the hours of foreign-born
labor (ki) the hours of total skilled (%), total unskilled (%), and efficient labor (A°).

The optimal pricing decision condition in steady-state defines that marginal cost is equal to the inverse

of the mark-up which depends on the elasticity of intermediate product (¢); that is,

e—1
€

C =

We use the above condition and the definition of real marginal cost so as to derive the steady-state value

of per capita capital (k) and capital per native agent (k). Specifically,

"Both ¢ = 6 and ¢ = 10 are standard calibrated values for this elasticity found in business cycle literature. For example, Dotsey
(1999), Chari - Kehoe - McGrattan (2000) and Wang - Wen (2006) set ¢ = 10, while Yun (1996), Ireland (1997, 2001, 2002, 2004),
Rabanal (2007), Gali-Salido-Vallés (2003, 2004, 2007) take € = 6
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_ 1
k= [ch(i — a)} A" and kg= <1> k
r v

Having found capital per native we directly compute investment spending per native which is given
by T4 = k4. Then, using the production function and the definition of real dividends per native-born
agent we find the steady-state value of per capita output () and of real dividend shares (d;). Skilled

and unskilled real wages for natives (v}, w}) and immigrants (w;

m/

w;. ) are derived from the first order

conditions of the cost minimization problem:
i = ) a2 [ (B¢ (5" [
), = (me)az [ (1) ¢ ()" [ - )
wh = o) aZ [1°] (07 () e [0 - o) R) "

im im

i, = (me)aZ (1] (0) 7 R [ (- X A,

Finally, from each representative agent optimality conditions, we obtain consumption spending and

the preference weight on consumption for each type of agent (natives and immigrants). Specifically,

Cq = gwihy + (1 — ¢)Wlhy + (?’“ - 5) kg +dg

m'“im

Cim = Nl + (1= X) @, By

1 1
G 7o\ 7 Cim Moo\ _ _
g = o @ and @ = = ¢ A,h”” where [, =1—h,;, forj=d,im
— — J J

ldwd hd limwz‘m him

4 Impulse Response Analysis

In the present model, we have introduced five distinct shocks: two preference shocks, each for every type
of representative agent (& and diy,  for natives and immigrants, respectively), a technology shock (Z;), a
policy shock (v; = e,), and finally an immigration shock (i;). As long as preference shocks are included
among the potential sources of business cycle dynamics (Ireland, 2004), and given the difference in op-
timizing behavior between native and foreign-born agents, we distinguish immigrants” preference shock
from that of natives so as to investigate whether this heterogeneity creates different implications. In addi-
tion, we describe both cases of modeling immigration shocks: inflows that alter the composition of total
populations temporarily or permanently. We examine the impulse responses of the model to the afore-

mentioned shocks, by assuming that each exogenous term follows a stationary first order autoregressive
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process with high serial correlation. Thus, we set p,, = 0.9048, p,,,, = 0.9048, p, = 0.94 (Ireland,
2004), and p,, = 0.6 (Canova-Ravn, 1997).

The main purpose of this paper is to examine the potential effects of skilled and unskilled, temporary or
permanent immigration inflows in a host economy, represented by a standard New Keynesian model. For
that purpose, we place special attention to immigration inflows shocks as well as to immigrants’” preference
behavior shock. Regarding the rest of the unexpected disturbances that may hit the theoretical economy,

the present analysis verifies existing results of similar DSGE studies.

4.1 Immigrants’ preference shock

The preference shock on consumption (&, ;) affects the marginal rate of substitution between consump-
tion and leisure; specifically, it causes an increase of the marginal utility of consumption. Rule-of-thumb
immigrants work more hours in order to increase their labor income, and thus their consumption. Both
skilled (s

im.t) and unskilled hours (h¥ ) of work by immigrants show a hump-shaped behavior. Total

im,t
labor supply of foreign-born population (i) follows a similar pattern. The upward movement of im-
migrants” labor supply causes a downward pressure on their skilled and unskilled wage earnings (@;,, ;,
Wy, ). Firms substitute domestic labor and capital with foreign-born labor, which is now cheaper. Demand
for skilled and unskilled domestic labor (ﬁfl’t and Bg,t) declines, and thus wages paid to native workers go
down as well. Nevertheless, due to imperfect substitutability between native-born and foreign-born labor
the negative movement of domestic wages (g ;, 1wy ;) is not as intense as the decline of immigrants’ wages.
Also, impulse responses show that the expanded labor supply of immigrants (%, ;) overcomes the neg-
ative response of domestic labor (iLdﬂg), which means a hump-shaped behavior of total skilled (k ), total
unskilled (iLu,t) and efficient labor (fzf)

Accordingly, in the short-run, the substitution of capital with foreign-born labor lowers the demand
for capital and pushes downwards its rental price; however, as long as firms expand their production
capabilities and, thus, their demand for capital, its rental price starts going upwards.

The positive response of immigrants” labor supply, induced by the preference shock, overcomes the
decline of skilled and unskilled wages, and as a result immigrants’ total labor income and consumption
are positively sloping. On the contrary, consumption of natives shows an inverse hump-shaped behavior.
There are mainly two opposing effects on domestic households: on the one hand, a negative effect, caused
by the decline of skilled and unskilled wage earnings; on the other hand, a positive effect, due to the
upward movement of dividend shares. Real profits go up in the short-run, because wages and the rental
price of capital push downwards the marginal cost. The decline of labor income overcomes the increase of
dividend shares and the final result on domestic consumption is negative but modest.

A preference shock of immigrants operates as a positive supply shock. Labor supply increases in the
short-run, wages decline, and total output expands. Clearing in good market implies that firms shall satisfy
the higher consumption by producing more output. Also, as long as wages and the rental price of capital
go downwards in the short-run, marginal cost is inverse hump-shaped. Since marginal cost is the accurate
determinant of inflation (Gali and Gertler, 1999), inflation rate follows a similar monotone shaped path.

Interestingly, immigrants’ preference shock creates an decrease rather than an increase of inflation rate,
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Figure 1: Immigrants’ preference shock (&im.¢) - Baseline Calibration
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with the latter observed in case of domestic preference shock. Nominal interest rate, being more sensitive
to inflation fluctuations rather than to output behavior, follows an inverse hump-shaped path. Setting
a higher persistence coefficient or standard deviation to immigrants” preference shock, we take a larger
decline of both inflation and interest rate, as well as a stronger increase of total output. However, output
response is sensitive to the price rigidities parameter (the probability 0 < ¢ < 1). The model predicts a
short-run decrease of total output under a more staggered price setting, but still inflation rate and nominal
interest rate are monotone shaped. Overall, immigrants” preference shock seems to be a positive supply
shock for the host country as the responses of aggregate magnitudes show.

Immigrants” preference shock captures successfully the general attitude found on immigration litera-
ture that immigrants work more intensively, and appear to be more industrious than natives. This position
is justified by immigrants” strong motive for succeeding in the host country where they migrated so as
to improve their standards of living. In the present context, immigrants” preference shock models their
willingness to work more intensively so as to increase their labor income. Immigrants” behavior allow do-
mestic firms to extend their production with cheaper labor force; output increases and inflation declines.
The above impulse responses show that immigrants” preference shock may partly justify why immigration

has been considered by the Federal Reserve Bank (FED) as a disinflation force for the host economy:.

4.2 Immigration shock

In population dynamics section above, we considered two kinds of immigration inflows: on the one hand,

we modeled immigration shock as an unexpected influx of foreign-born agents, either skilled or unskilled,
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Figure 2: Natives’ preference shock (éq,+) - Baseline Calibration

output domestic investment skilled labor skilled domestic labor skilled foreign labor
1 5 2 2 0.05
0 b 0 \/ﬁ ! K 1 /\ /\
1 -5 % 20 40 60 0 0
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters _ Quarters
inflation rate annualized domestic consumption ) unskilled labor unskilled domestic labor 0 unskilled foreign labor
0.2 5
01 A/\ of T — 1 K 1 K -0.05 V
0 -5 0 0 -0.1
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters ~ Quarters
nominal interest rate annualized consumption of immigrants efficient labor domestic labor immigrants labor
0.2 0 2 2 0
01 m -02 \\/ 1 [\V 1 K -0.02 \//
0 -0.4 0 0 -0.04
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters . Quarters_ . Quarters ) »Qu;rters
capital of natives marginal cost skillgdWorkers on immigrants skilled domestic wage skilled immigrants wage
0 0.2 2 0 0
-05 0 /\/\ 0 ~_ -02 \_/ -0.2 \\/
-0.4
-1 -0.2 -2 -0.4
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters
annualized rental rate of capital dividends x@ives on total population unskilled domestic wage unskilled immigrants wage
0.2 1 1 0

0.1 0 f\_/ 0 ¥ -0.2 _
-0.4
0 - -1 -0.4

1 .
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters

\
i

that alters the composition of the total population of the host country between natives and immigrants
temporarily; on the other hand, we modeled permanent immigration inflows that change the growth rates
of immigration population, either skilled or unskilled. In the latter case, immigration shocks alter the
fraction of natives to the total population of the host country permanently. We describe below the impulse

responses in both of these cases.

4.2.1 Permanent Immigration

Unskilled immigration inflow First, an immigration shock on the growth rate of low-skilled immigrants
reduces the fraction of skilled immigrants on the foreign-born population (\;) and the ratio of domestic
households to total population (7;).

With imperfect substitutability between skilled and unskilled labor (p = 0.67) and the baseline cali-
brated values for the rest of the model’s parameters, unskilled immigration shock seems to be beneficial
for domestic households, because it creates an income redistribution from immigrants to natives. A perma-
nent immigration shock of unskilled agents increases skilled and unskilled wages paid to natives, because
of the imperfect substitutability between native-born and foreign born population, and because of the
lower fraction of natives on total population. Skilled and unskilled domestic labor follow a hump-shaped
time path, but natives” wage earnings increase permanently.

Accordingly, an immigration inflow reduces the fraction of skilled immigrants and increases the portion
of low-skilled foreigners. Skilled immigrants work in response more hours, but unskilled foreigners tend
to work less. Both skilled and unskilled wages paid to immigrants increase in the short-run but decline

after some quarters below steady-state. Impulse responses verify that newcomers compete with foreign-
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Figure 3: Permanent unskilled immigration shock
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born population for similar job opportunities and affect the wage earnings of pre-existing immigrants

downwards. Immigrants’ consumption mimics the permanent reduction of their wage earnings.

Unskilled immigration shock increases the rental price of capital as long as immigrants” influx reduces

the capital-labor ratio. Unskilled immigrants neither have access to domestic capital markets nor bring with

them from their home-country any capital stock. As a result, the rise of foreign-born population decreases

the total capital stock per capita (k;), and increases the capital holdings per domestic household (kq4,;). The

population.

aggregate capital stock of the host country belongs to domestic households, and thus only to a fraction
of total population. As long as the inflow of immigrants increases the ratio of foreign-born population
and decreases accordingly the fraction of natives on total population, total capital stock corresponds to a
lower portion of population. Domestic households are motivated by the higher price of capital to invest
more in real assets. Domestic investment shows a hump-shaped behavior, capital holdings of natives

increase steadily, but the total capital stock declines sharply in the short-run by the unexpected increase of

The short-term increase of wages and of rental price of capital raise the marginal cost and reduce in
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turn real dividends. Nevertheless, labor income and capital earnings of natives overcome the reduction
of dividend shares, which means that the final result on natives” wealth is positive. It is worth noting

that under this context, immigration inflow creates a second wealth effect in natives’ favor: firms’ profits



are allocated to a smaller fraction of total population, which means in effect that for every domestic agent
dividend shares increase. After some quarters, dividends recover from the short-run decline (caused by
the positive response of marginal cost) and increase above their steady-state value permanently. Domestic
consumption falls in the short-run, because households spend more income in capital investment, but after
some quarters consumption recovers and increases steadily above its steady-state value.

In aggregate terms, unskilled immigration shock seems to push upwards in the short-run both output
and inflation, which return gradually back to steady-state values after some quarters. Thus, the demand
side effect of immigration inflow overcomes the supply side effect, namely the increase of labor supply. For
the central bank, the positive movements of output and inflation cause a hump-shaped response of interest
rate.

Overall, immigration shock can generate in a standard New Keynesian framework a positive “output
effect”. Under monopolistically competitive markets with staggered price setting, an immigration shock
pushes in the short-run total output above steady-state. The inflow of unskilled immigrants increases in
the short-run the total population, boosts total consumption and thus aggregate demand. Market clearing
implies that firms will generate more output to satisfy the excess demand. Total output increases in the
short-run as long as firms cannot re-adjust upwards their prices instantly, but with some time lags. As a
result, in the short-run there is no any positive movement of price mark-ups over marginal costs which
would generate contractionary pressures into aggregate demand. Output increase requires more inputs
of production, both capital and labor; higher demand for labor and capital is translated into an upward
short-term movement of real return on capital, of skilled and unskilled wages. After a short-run period
of constant prices and of increased aggregate activity, firms re-adjust upwards their prices to re-establish
their mark-ups. The rise of price level affects aggregate demand negatively and output declines gradually
reaching its steady-state value in the long-run. Nominal interest rate shows a hump-shaped behavior with
strong persistence. In sum, immigration shock destabilizes the host economy, but it seems to be welfare
improving for natives.

Finally, coefficients of productivity difference between natives and immigrants, either for skilled or
unskilled labor (ws and w,, respectively), determine the total labor in efficiency units and constitute crucial
parameters for the long-run behavior of both inflation and output. Thus, a comparison of the standard
assumption w, = w, = 1 with values that reflect productivity differences between natives and foreigners

would create interesting implications.

Skilled immigration inflow A positive shock on the growth rate of skilled immigrants increases their
fraction to the foreign-born population (\;) and reduces accordingly the ratio of domestic households to
total population ().

Under the same baseline calibration, skilled immigration shock affects the aggregate magnitudes of the
host country as unskilled immigration does. The sudden increase of the growth rate of total population,
caused by immigration, pushes upwards in the short-run both output and inflation, which return gradually
back to steady-state values after some quarters. Thus, even if we model an influx of skilled immigrants,
who by definition are considered more productive than unskilled foreigners, the demand side effect of

immigration inflow overcomes any supply side effect, caused by the expansion of labor supply, and the
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Figure 4: Permanent skilled immigration shock
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inflation cause a hump-shaped response of nominal interest rate, which shows significant persistence.

With respect to disaggregated variables, skilled immigration shock creates similarly an income redis-
tribution from immigrants to natives. Wage earnings of natives are hump-shaped in the short-run, but in-
crease permanently in the long-run. Dividend shares decline during the first quarters, due to the marginal
cost behavior, but in the long-run remain above steady-state as long as the portion of natives on total pop-
ulation has declined. The combination of the increased capital stock per native agent with the upward

movement of the rental price of capital implies that natives’ capital earnings become higher. As a result,

natives’ wealth is positively affected by skilled immigration and domestic households are better off.

Under the present context, the only difference observed between skilled and unskilled immigration is
the opposite change of immigrants” skilled and unskilled working hours. An inflow of skilled immigrants
reduces the fraction of unskilled immigrants who work in turn more hours. Equivalently, skilled immi-
gration increases the portion of skilled foreigners who tend to work less hours. Both skilled and unskilled
wages paid to immigrants increase in the short-run, but decline after some quarters below steady state.
Therefore, impulse responses verify that newcomers compete with foreign-born population for the same

job positions; skilled immigration affects downwards wage earnings of pre-existing foreign-born popula-

tion.
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In sum, the way we have built the present model shows that there is no significant difference in the
results obtained under each kind of immigration shock; the short-run increase of growth rate of the total

population caused by immigration triggers an identical adjustment mechanism.

Figure 5: Immigration shock
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Finally, as long as productivity difference parameters (ws and w,) play a central role in determining
the long-run adjustment of the host country to exogenous shocks, an estimation of their values would be
beneficial. When the hypothesis of similar productivity between natives and immigrants is dropped out
and immigrants are more industrious and productive than natives, then, after a short-run positive demand
effect, immigration seems to operate as a positive supply side shock for the host country. In the long-
run, immigrants” inflows may reduce inflation rate below steady-state and boost simultaneously aggregate

output, as figure 5 depicts.

4.2.2 Temporary immigration shock

If we insert immigration shock in the number of foreigners that enter the host country rather than in the
growth rate of the corresponding population, the fraction of the foreign-born agents to total population
alters temporarily. As described above, the host country reacts identically to skilled or unskilled immigra-

tion shock as long as an influx of immigrants triggers the same adjustment mechanism. Other things equal,
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the difference between skilled and unskilled immigration inflows is still found on the symmetric response
of labor offered by each kind of foreign-born agent: in case of skilled immigration, unskilled foreigners
work more hours, skilled immigrants less hours, and vice versa. Hours of work by immigrants change

temporarily as long as their fraction on total population deviates from its steady-state value.

Figure 6: Temporary unskilled immigration shock

output domestic investment skilled labor skilled domestic labor skilled foreign labor
0.2 1 /L—/ 05 05 0.5
0 \f\ 0 0 A\, 0 f\ﬁ Ob
-0.2 -1 -05 -05 -05
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters
inflation rate annualized domestic consumption unskilled labor unskilled domestic labor unskilled foreign labor
0.1 0.02 02 05 05
0 /\\l—/ 0.01 /\ 0 P of, —mM8 Oh
-0.1 0 -02 -05 -05
20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters
nominal interest rate annualized consumption of immigrants efficient labor domestic labor immigrants labor
0.05 0.5 0.5 05 0.04
0 /\_/d 0 v 0 /\k 0 /\5 0.02 /M
-0.05 -05 -0.5 -0.5 0
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters
capital of natives marginal cost skilled workers on immigrants skilled domestic wage skilled immigrants wage
0.04 05 0 0.1 05
0.02 0 | -02 0 /\/\ 0 —
-04
0 -0.5 -0.1 -05
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters
annualized rental rate of capital dividends natives on total population unskilled domestic wage unskilled immigrants wage
0.2 1 0 0.1 02
0 /L, 0 ﬁ 02 0 /\/\ 0
-0.2 -1 -0.1 -0.2
0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60 0 20 40 60
Quarters Quarters Quarters Quarters Quarters

The supply side of the host economy shows that newcomers compete only with foreign-born residents.
As a result, both skilled and unskilled immigration affect negatively wage earnings of foreigners. Due to
imperfect substitutability, natives obtain higher wages, and simultaneously benefit from the reduction of
capital-labor ratio which in turn increases the rental price of capital. The redistributive effects of each type
of immigration, that benefit domestic households, are reflected on the hump-shaped behavior of domestic
consumption, and on the monotone shaped time path of immigrants” consumption. When immigration
shock changes the growth rate of foreign-born population, redistributive effects become more intensive
and positive effects on domestic consumption are prolonged.

Although, impulse response analysis shows that any kind of immigration shock (permanent or tempo-
rary) causes income redistribution from immigrants to natives, immigration effects on aggregate magni-
tudes are not robust. When immigration alters permanently the composition of total population, output is
positively affected in the short-run. In contrast, a temporary inflow of foreigners gives a monotone shaped

time path for output which can be explained by the sudden decrease of total capital. The unexpected inflow
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of immigrants increases total workforce, and thus total labor in efficiency units, but the latter is unable to
overcome the reduction of capital stock and the downward movement of total output.

We observe that, under this context, a temporary immigration shock acts as a negative supply shock.
Output declines, but inflation increases in the short-run. The marginal cost of production (the driving force
of inflation rate) increases, because the upward movement of the rental price of capital and of domestic

wages overcome the decline of immigrants” wages. Although output responds negatively, nominal interest
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rate is mainly affected by the positive movement of inflation and follows a similar hump-shaped time path.

5 Conclusion

The present theoretical analysis offers a simple description of the potential effects of immigration inflows
on the macroeconomic magnitudes of a large-developed economy. Mainly, we complement Canova-Ravn
(2000) analysis by examining immigration shocks in a rather more realistic New Keynesian framework,
which is widely being used by modern central banks. We adopt a simplified production function described
by Ottaviano-Peri (2005, 2006) which has been used so far for the examination of immigrants” impact on do-
mestic labor market outcomes only. We distinguish total workforce between skilled and unskilled agents,

and within each class of workers we introduce foreign-born population. Following the current trend of
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immigration literature, in every skill-class population, immigrants and natives are considered imperfect
substitutes. Also, the present set up allows one to undertake the alternative assumption of perfect substi-
tutability between natives and immigrants, by assigning appropriate values to the corresponding coeffi-
cients.

We motivated to integrate immigration inflows into a standard New Keynesian model so as to test the
bottom line that immigration can be placed among the factors that prevent or lessen inflationary pressures.
The present study offers useful insights for central banks as long as it shows that immigration could be
responsible for the business cycle behavior of developed countries which are destinations of immigration
flows. The results show that immigration inflows destabilize the host economy temporarily or even per-
manently. In the short-run, an inflow of immigrants may create a positive output effect, but in the long-run
the final result depends on the "deep” parameters of the model. Price stickiness, productivity differences
between natives and immigrants, the degree of substitutability between skilled and unskilled workers or
between natives and immigrants, as well as the Taylor rule coefficients should be of major concern by
central banks in predicting the consequences of unexpected immigration inflows accurately. Nominal vari-
ables, namely inflation and interest rate, show a hump-shaped behavior. Therefore, the standard New
Keynesian model does not verify as a whole that immigration is considered a deflationary force.

The standard New Keynesian model shows that in the short-run the demand side effect caused by
immigration overcomes any supply side effect, and the final result is an upward movement of inflation.
Policymakers should be interested in identifying whether immigration inflows alter the composition of the
total population permanently or temporarily, because, in both cases, demand side pressures on inflation
rate dominate, but permanent immigration shocks create a positive output effect too. We predict that a new
version of New Keynesian model with unemployment rate would succeed in justifying the disinflation
force of immigration. A fraction of immigration literature supports that newcomers do not compete with
natives for the same job opportunities but fill up existing vacancies that native agents are unwilling to
undertake. As a result, we expect that immigrants would reduce any domestic unemployment rate and
increase total output without pushing inflation rate upwards.

Although the standard New Keynesian model predicts an upward movement of inflation in the short-
run, due to demand side effect, there are still some cases that verify the deflationary impact of immigration.
Immigrant’s characteristics may lessen the inflation rate even in an economy that balances in full employ-
ment equilibrium. First, a shock on immigrants” preferences captures successfully the general attitude of
recent immigration literature that foreigners work more intensively and appear to be more industrious
than natives. That immigrants have strong motives to succeed in the host country justifies their behavior
to spend more hours in labor market activities than natives. Indeed, their narrow financial abilities and
their willingness to improve their standards of living establish their hard-working behavior. Immigrants
allow domestic firms to extend their production capabilities with cheaper labor force. These potential
shocks on immigrants’ preferences (remittances shock) cause both an increase of total output and a decline
of inflation rate. There is also the case that immigration may involve more productive agents than natives,
who improve in the long-run the average productivity of the total workforce of the host country and push
output and inflation above and below steady-state, respectively.

In general, the final results on the macro-economy depend on the calibrated parameters of the model
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and on whether immigration alters the composition of total workforce permanently or temporarily. In any
case, however, with respect to disaggregated variables, immigration inflows remain welfare improving for
domestic agents as they cause income redistribution from foreign-born to native-born households. Do-
mestic consumption and labor market outcomes for natives are positively affected by immigration shocks,
as long as newcomers compete with existing immigrants for similar job opportunities and affect the labor
market of foreign-born agents negatively.

Finally, the present model shows that skilled and unskilled immigration influxes cause almost identical
macroeconomic responses, as the adjustment mechanism of the host country remains unchanged between
the two cases. Thus, the idea that policymakers should have preferences regarding the type of workers that
immigration involves seems to collapse under the present context. The productivity difference between
skilled and unskilled immigrants seems to be infinitesimal so as to make any difference in the host macro-

economy.
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A Appendix: The log-linearized equilibrium conditions

Having found steady-state conditions, we write the log-linearized conditions around the symmetric equi-

librium. In general, the term Z; defines the percentage deviation of variable x; around its steady - state

value 7, that is #; = log(z;) — log(Z). The equilibrium conditions of the model are summarized as follows:

Domestic households:

Cag + S1Bay = doly, + G2k, + P3Wh, + d3h, + SRy + dskay + deday

ka1 = drkar + dsiay
<Z59ilfz,t = Qg — Cap + Wy + br0ha
¢9i13,t = Qg — Cat + Wy + br0ha
Car = By (Capt1) — Tt + By (Tteg1) + d11Gay
Car = By (Capq1) — Er (Rt+1> + P16

has = $1ahy, + d1sh,

Immigrants:

~ ~§ s Y “u ~
Cimt = P14W;, ¢ + G140 1 + P15We, 1 + D150 ¢ + P16M
- < ) » .
¢9him,t + goA = Qim,t — Cim,t + Wi, t + ¢17him,t
¢9h?m7t + P18At = OAéim,t - éz’m,t + w?mi + ¢17hz’m,t

himg = G19R5 ¢ + G20l 1 + 21\

Immigration shock:

At = A_1 + dofis

Yt = Yt—1 — P23/l

Supply Side:
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(A1)

(A.2)

(A.3)

(A.4)

(A.5)

(A.6)

(A7)

(A.8)

(A.9)

(A.10)

(A.11)

(A.12)

(A.13)



P24ty — P2aWi s = G251 + Mo + My — hiy
Wy — Wy = dashss + Garhuy + GasV — d20hiyy + dsohl,
W5y — d33Re = d3ah§ + dashsy — daohlyy + kay + b5
G = Zy + bach§ + darkay + darin
h$ = paghst + daohu
hst = paoh, + da1 R s + b e + daoAy
hug = Gashl s + Gaahlh, , + Gashe + dac
micr = 33 Ry + kay + A — G
7ty = BE; (1) + darmicy — é
Cid,t = Ut — pagMmicy — Y

Tt = Ga9Tt—1 + P07t + G519 + V¢

and the stationary processes of the exogenous variables are given by

Adt = PagQdt—1 T Eayt
Qim,t = Py Xim,t—1 T Eaip,t
€t = Pefi—1 + et

7 = ,Ozthl + et
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Wy — Wiy 1 = P26hst + Garhut — Pa0hy s + G30hip, 1 + P31 e — d32¥

(A.14)

(A.15)

(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)

(A.29)



’[)t =E&rt (A30)

it = pufit—1+Ept (A.31)
Clearly, we have 25 equlhbrlum conditions along with 25 state variables: ¢4, Cim,¢, h .t h dtr hd b hlm o

hzm 7 hzm Sty hs Sty hu tr ht/ wd 2t wd St Zm ts wim7t/ kd,t/ wd,t/ Rt/ Tty mct/ 7Tt/ yt/ dd,t/ Ytr )\t~

The coefficients of the above log-linearized equilibrium conditions, which are functions of the calibrated

parameters and the steady-state values of the model’s variables, are the following:

z wih 1 — ¢)Vwthy Rk 7k d
b= gy ey (AW Rk TR da
Cd Cd Cd Cd Cd Cd
1 1 h
¢r=1-19, ¢g = 9, $o = —, b0 =~ + =—2—, d11=1— pay
g g hg—1
o o+l - o+l
o\ 1—dhy\ ° ws \-h, wt (1= Nhe
P12 = ?hy ,  f13= (1= 0)hg ;o b= s = Din(L = Vi
hd hd Cim Cim

$20 = ((1_)‘)}"1m> ; $21 = P19 — <1_>\) $20, P2 =1— A, da3 = (1—7)A

1

1
P2y = —, P25 = ——
P1

7 P26 = p1 — P, p27 = p — pa2, P28 = p2 — p1

*3\‘:3‘

X J—
$20 = p1, $30 = p2, 31 = p2 ( > ¢32 = p1 + p2 (7) ) ¢33 =
A—1 1-7%

hs
¢34 = p— 1, ¢35 =1 — p1, $36 = a, ¢37 =1—a, ¢38=C(he>

- 1— _,=s\ 1=»p _\v TS 1=p
P39 = <h“> p Pa0 = W il 1 P41 = A=A i 1
Ee Y S ES ) Es

_ _ —u\ 1—p2 _ — U 1—p2
b1 = dao + ( i ) bu,  dus = wa (W) e ((1 - v)(;u A)hz-m>
Pa5 = <)\)\1> Pu4, da6 = P43 + < > bua, ba7 = 1-p5- Z)(l —0)
- Y-
~d
os="T0 Gw=p  do=(-plon b =(1-p)d
7 - dd
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B Klein’s method

We solve the model by applying the generalized Schur decomposition described by Klein (2000). So, let s?

be the (25x1) vector of state variables

0 _ |5 ~ 78 Tu 7 78 Tu 7 7 7 7e
S = |:yt717 Cim,tfly hd7t—17 hd7t—1a hd,t—l; him,t—lv h’z’m,t—la him,t*la hs,tfla hu,tfla ht—l?

~ ~ ~ ~ /
ol S ~U ~S AU A A A A ~
kd,t7 xd,t—lv wd,t—l? wd,t—IJ wim7t717 wim7t717 Tt—1, dd,t—17 Yt—1, )\t—la mcg—i, Rt7 cd,t7 Tt

and accordingly v; the (6x1) vector of exogenous stochastic variables

A A ~ ~ A ~ 1/
UVt = [Oéd,u Ay ty €ty 2ty Uty ,ut]

Following Klein (2000) we write the model in a matrix form as follows:

A‘Et(8?+1):B‘S?+C'Ut

where A (25x25), B (25x25), and C (25x6) are the coefficient matrices.
The exogenous processes of preference, mark-up, technology, policy and immigration shock can be

written in matrix form as

up=P-uq1+¢e

with
[ pey O 0 0 ]
0 pa,, 0 0 0 O
b | 0 0 000
0 0 0 p, 0 0
0 0 0 0 O
00 0 0 0 p|
and

/
€t = [5ad,ta 5aim,t756,ta5z,ta5r,ta5u,t]
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