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Abstract: The effects on agents’ welfare of two different policies dealing with
undocumented immigrants, amnesties and deportations, are assessed. I develop
a two-period overlapping generations model which accounts for the ex-ante pro-
duction by undocumented workers and their impact on the government budget.
Additional channels, such as the discrimination on the labor market and a differ-
ent productivity of regularized workers are discussed. The impact of a migration
policy depends on the wage effects of the legalized/deported workers and their
net fiscal contribution. The calibration of the model for the United States in
2014 allows to disentangle the channels at work. Overall, the impact of the two
policies on natives’ welfare is limited (between −0.1% and +0.15%). Retired
agents benefit from an amnesty and are harmed by a deportation. The effect on
workers is ambiguous and depends on the wage and fiscal effects in addition to
the change in the returns on savings.
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1. INTRODUCTION

The focus on the topic of unauthorized immigration has recently increased due to
its importance during the U.S. presidential elections of 2016 and the large inflow
of asylum seekers from Northern Africa and the Middle East into Europe.1 The
management of undocumented immigration is done along two main dimensions,
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which are interdependent. The first aims at preventing undocumented immigrants
from entering the country at all (i.e. by strengthening the control at the borders),
while the second relates to the treatment of undocumented immigrants already
present in the country.2 For the latter, two policies at extreme opposites can be
considered: providing a legal status to immigrants or deporting them.

Several countries have organized a legalization of their undocumented popula-
tion (also referred to as an amnesty or a regularization). The largest, in terms of
applicants, was the one that followed the Immigration Reform and Control Act
(IRCA) of 1986 in the United States [for a list of the most recent amnesties, see
Table 2 in Casarico et al. (2012)].3 An amnesty can be defined as a governmen-
tal pardon for violating regulations related to immigration, which might include
forgiving individuals for using false documentation, such as fake social security
numbers (SSN) or identification cards, in order to remain in the country and/or
gain employment. It confers legal residency status in the host country to those
unauthorized immigrants who respect the criteria for application. In general, an
amnesty is a “one-off” political decision without a fixed institutional framework.
Several political or social reasons may justify a regularization of undocumented
workers. Without being exhaustive, these can include the improvement of undoc-
umented workers’ life conditions or the increase in labor market transparency.
The presence of an important number of undocumented immigrants might also
be seen as undermining the authority of the public institutions who are unable to
fully endorse their laws. Hence, an amnesty can also strengthen the knowledge
and control over unauthorized immigration and increase the perception of safety
among the population. Various application criteria are also recurrent in these pro-
cedures: the attribution of legal status might be based on duration of residence, on
participation in the labor market or on socio-political reasons [Levinson (2005)].

The empirical literature has analyzed the consequences of an amnesty on
the wages of legalized individuals [Borjas and Tienda (1993), Kaushal (2006),
Amuedo-Dorantes et al. (2007), Barcellos (2010), Lozano and Sorensen (2011)]
and their geographical and occupational mobility [Amuedo-Dorantes and Bansak
(2011), Steigleder and Sparber (2017)]. However, its findings depend largely on
the estimation methods and samples used [Borjas and Tienda (1993)]. The impact
of policies targeting undocumented workers is also likely to go beyond wages and
employment prospects of the concerned individuals.4 Gang and Yun (2006) and
Epstein and Weiss (2001) focus on the effects of an amnesty on migrants’ welfare
and the dynamics of immigration.

The precise impact that undocumented workers have on the economy before a
policy is implemented is key to determine the consequences of migration policy
reforms targeted at them. Djajić (1997) develops a two-sector economy model
in which illegal immigration is beneficial for native workers (both skilled and
unskilled) in the long run. A legalization can, in this setting, have no positive
effect on natives’ real income. Magris and Russo (2016) explore the trade-off
faced by governments between increasing the country’s fiscal base and reducing
its immigrant stock by expelling rejected applicants. Edwards and Ortega (2016)
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assess the impact of a migration policy on the U.S. economy using a multi-nest
Constant Elasticity of Substitution (CES) production framework that accounts for
multiple industries and heterogeneous workers in terms of skills, experience, and
productivity. Simulating a deportation of all unauthorized workers, they find that
their annual economic contribution to the U.S. economy is approximately 3% of
private-sector GDP. An amnesty would increase it to 3.6% of private-sector GDP.

The study closest to this one is Benı́tez-Silva et al. (2011) who develop a multi-
period overlapping generations (henceforth OLG) model in order to assess the
impact of an immigration amnesty in the United States. The authors assume that
differences in productivity and in savings behavior between legal and undocu-
mented immigrants are key. They find that legalizing half of the unauthorized
population would reduce natives’ welfare by 0.2% and former legal migrants’
by 0.1%. The substantial improvement of the legalized agents’ welfare would
however more than compensate this loss and lead to an average rise in welfare of
0.34%.

The main objective of this paper is to compare the economic impact of two
different policies aiming to reduce the number of undocumented workers in an
economy, an amnesty and a deportation, on different categories of agents. Contrary
to new immigrants, unauthorized residents already play a role in the host country
and its economy: they might work, pay certain taxes, and benefit from certain
subsidies. The contribution of this paper is to develop a simple and tractable two-
period OLG model which allows to take into account the effects of migration
policies on different agents’ welfare throughout their life-cycle. This allows to
disentangle the policies’ impact on less and highly educated workers and retired
individuals. The model stresses the differences between legal and undocumented
immigrants along different dimensions by accounting for the ex-ante role played
by undocumented immigrants in the economy – an aspect often neglected in the
literature. The two main channels through which the latter affect native workers are
considered: the labor market (i.e. wages) and the social security system (i.e. public
transfers and pensions). Several reasons have been provided in the literature in
order to account for the different labor market outcomes of legal and undocumented
immigrants (i.e. a different inherent productivity, hiring costs due to a risk of
sanctions, status discrimination...). Although quite stylized, the model can be used
to compare the impact of migration policies under these different assumptions.
Finally, the short-run consequences of migration policies are contrasted to the
long-run ones, a subject still debated in the literature. The model is calibrated in
order to analyze the welfare impact of a legalization and of a mass deportation of
undocumented workers in the United States. Several robustness checks allow to
stress the importance of the various channels considered (i.e. impact on wages,
income taxes, and returns on savings).

The model implies that the impact of a migration policy depends mainly on its
effect on the total workforce. An increase in the productive workforce benefits
capital owners (i.e. the retired generation) through higher returns on savings. The
effect on the different wages depends on the substitutability between regularized
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individuals and legal workers. While legalized workers contribute to the sustain-
ability of the pension system in the short run, the net fiscal effect of the migration
policy reform depends on the difference between the additional contributions paid
and transfers perceived by regularized workers. As this is largely unobservable,
the calibration of the model under different assumptions highlights the cases in
which a migration policy can lead to a lower tax burden for natives.

The benchmark simulation considers a liberalization and a deportation of the
entire undocumented workforce (estimated at approximately 7.9 million workers)
and shows that the impact on natives’ welfare lies between −0.1% and +0.15%.
A legalization implies lower income tax rates which do not compensate for the
decrease in the less-educated natives’ wages. Their long-run welfare is there-
fore below the baseline level (i.e. without a policy change). On the other hand,
highly educated natives’ wages increase and their long-run welfare is above the
baseline level. A deportation reduces return rates on retired individuals’ savings
and increases contribution rates to the pension system. The less-educated wage
rates increase, whereas the highly educated wage rates decrease. The loss of the
deported workers’ income is not compensated by the change in the remaining
workers’ wages, such that the income tax rate increases. In the long run, capital
accumulation is therefore slowed down but less-educated natives’ welfare is higher
due to their higher wages. Highly educated natives on the other hand are worse
off.

Several robustness checks are provided on the benchmark calibration. The net
fiscal contribution of undocumented and legalized individuals is a key factor
which is difficult to extract from data. Varying the contribution of undocumented
workers to the government budget and the social security system, and the fraction
of transfers they perceive, shows to what extent the fiscal channel affects the
evaluation of a migration policy reform. The higher is the fiscal compliance of
undocumented workers, the lower is their additional contribution to the budget
once they are legalized. The more public transfers they perceive, the lower is
their additional impact on the budget. This is particularly important when the
social security system is extensive (i.e. a high share of public funds transferred
to individuals). The importance of complementarities between the different types
of workers is analyzed by varying the values of the elasticities of substitution. In
particular, the less native and foreign-born, and legal and undocumented workers
are substitutable, the lower is the negative impact of an amnesty on the average
native’s welfare. Several additional mechanisms are added to the benchmark model
and simulated in order to analyze how they affect the main conclusions. The
first accounts for differential population growth rates. The simulations show that
population dynamics matter mainly when an increase in the number of less-
educated workers allows the negative long-term impact of the amnesty on low-
skill wages to dissipate. The second extension accounts for the discrimination of
undocumented workers on the labor market. When undocumented workers are
paid a wage below their marginal productivity, a rent is extracted on them and
redistributed to legal capital owners. An amnesty and a deportation reduce the
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number of undocumented workers and thereby the size of this rent. This decreases
natives’ welfare through an additional channel not accounted for in the benchmark.
The third extension assumes that regularized individuals are less productive than
legal immigrants. The lower is the regularized workers’ productivity relative to the
legal immigrants’, the lower is the increase in production implied by an amnesty
and the less beneficial it is for native workers.

The remainder of the paper is organized as follows. Section 2 presents the
two-period OLG model used to investigate the consequences of an amnesty and
a deportation in Section 3. Section 4 provides a parameterization of the model to
the United States in 2014 and compares the effects of an amnesty with those of
a deportation. A sensitivity analysis on the calibration of several parameters and
variables is done in Section 5. Section 6 discusses the role of the mechanisms not
included in the benchmark estimations and Section 7 concludes.

2. THEORETICAL FRAMEWORK

In this section, I develop a stylized two-period OLG model that allows to discuss
the effects of migration policies on different types of agents. In the closed economy
considered, one good is produced.5 The perfectly foresighted j-type agents live for
two periods and are differentiated along three dimensions: skill, origin, and legal
status. A high-educated (i.e. at least some tertiary education) worker is denoted by
subscript h and is either a native (h, n) or a legal immigrant (h, m). A low-educated
worker is denoted by subscript l and is either a native (l, n), a legal (l, m), or an
undocumented immigrant (l, i). Hence, undocumented immigrants are all assumed
to be low educated.

2.1. Labor Market Structure

Following the recent immigration literature [see Borjas (2003), Ottaviano and Peri
(2012), Docquier et al. (2013), Edwards and Ortega (2016)], total labor in each
period t is aggregated in a nested CES function. The first nest accounts for im-
perfect substitution between less- and tertiary-educated workers. The second nest,
accounts for imperfect substitution between natives and immigrants. One labor
aggregate is considered for less-educated natives and immigrants, and another for
highly educated natives and immigrants. Hence, the model allows for a different
skill-specific complementarity between natives and foreign-born workers. The
third nest accounts for imperfect substitution between legal and undocumented
low-educated immigrants.

The total labor aggregate (Qt) is a nested CES function of the high- (Qh, t) and
low-educated labor (Ql, t) expressed in efficiency units:

Qt =
[
θhQ

σH −1
σH

h,t + (1 − θh)Q
σH −1
σH

l,t

] σH
σH −1

, (1)
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450 JOËL MACHADO

where θh is the relative productivity of high-educated labor and σ H the elasticity
of substitution between the two education groups.

The high-educated labor aggregate regroups tertiary-educated natives (Nh, t) and
immigrants (Mh, t):

Qh,t =
[
θeN

σE−1
σE

h,t + (1 − θe) M

σE−1
σE

h,t

] σE
σE−1

, (2)

where θ e is the relative productivity of educated native workers and σ E is the
elasticity of substitution between tertiary-educated natives and legal immigrants.
Note that undocumented immigrants are not allowed to work as highly educated
workers and are thus all assumed to be less educated. Orrenius and Zavodny
(2004) argue that, although granting legal status might increase the competition
between legalized and native workers, the latter keep a certain protection due to
their language skills, their higher education level, and their better knowledge of the
labor market institutions. The low-educated labor aggregate, Ql, t, can therefore
account for imperfect substitution between less-educated natives, Nl, t, and the
less-educated foreign workers’ labor aggregate, Qm, t:

Ql,t =
[
θnN

σN −1
σN

l,t + (1 − θn)Q
σN −1
σN

m,t

] σN
σN −1

. (3)

The parameter θn represents the relative labor productivity level of native workers
and σ N is the elasticity of substitution between the native and the foreign-born
workforce. Legal (Ml, t) and undocumented (Il, t) foreign-born workers are also
imperfect substitutes and regrouped in one additional nest:

Qm,t =
[
θmM

σM −1
σM

l,t + (1 − θm)
(
Il,t

) σM −1
σM

] σM
σM −1

. (4)

The complementarity between legal and undocumented immigrant workers allows
to account for a lower productivity of the latter [Chiswick (1988)]. Undocu-
mented workers might moreover be restrained on their mobility due to the lack
of proper documentation, lower information about employment possibilities, or
networks concentrated in certain sectors [Massey (1987)]. Kossoudji and Cobb-
Clark (2002) argue that the IRCA’s amnesty provisions impacted on the wages
of legalized workers mainly by improving their labor mobility, allowing them
to access better-paid jobs. The CES production function can account for these
different explanations.6

2.2. Profit Maximization

The production is represented by a Cobb–Douglas function, using capital Kt and
labor expressed in efficiency units, Qt. Capital is given by the total savings of the
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previous period, such that Kt + 1 = St, and full depreciation is assumed:7

Yt = AKα
t Q1−α

t . (5)

The firm’s problem can be written:

max
Zt ,It

π = AKα
t Q1−α

t − wh,n,tNh,t − wh,m,tMh,t − wl,n,tNl,t

−wl,m,tMl,t − wl,i,t It − RtKt , (6)

where Zt = Nh, t, Mh, t, Nl, t, Ml, t, Kt. The interest factor takes its competitive
equilibrium value:

Rt = αYt

Kt

. (7)

2.3. Utility Maximization

Each agent lives for two periods. Individual subscripts are left out for notational
simplicity and the superscript (t) denotes the period of birth only when a distinction
is necessary. When young, each individual supplies one unit of labor inelastically.
Her income is either consumed or saved. The savings are used to consume when
she becomes old and no bequests are left.8 The lifetime utility of a j-type agent,
born at time t, is given by

Ut
j = ln(cj,t ) + β ln(dj,t+1) − Vj , where j = hn, hm, ln, lm, li . (8)

β is the type-independent discount factor, whereas cj, t and dj, t + 1 represent, for
an agent of type j, the consumption of the single good at time t and t + 1. Vj is
a non-monetary fixed cost that the illegal status imposes on immigrants without
proper documentation. Thus, Vi � 0, whereas Vj = 0 for j = hn, hm, ln, lm.9 This
cost might reflect a variety of restrictions imposed by the illegal status, like the
discomfort due to the irregular situation, the fear to be caught or limitations in
the daily life that the absence of legal status imposes. I assume that this disutility
is so strong that every undocumented immigrant prefers to be legalized and thus
applies for an amnesty.10 Given that she lives for two periods, the lifetime budget
constraint of a j-type agent can be written:

ψt
j = cj,t + dj,t+1

Rt+1
, (9)

where Rt + 1 is the return on savings. The annualized lifetime income of a j-type
worker born in period t, ψt

j , is given by

ψt
j = wj,t (1 − τ b

t − τ
p
t ) + gt + pt+1

Rt+1
for j = hn, hm, lm, ln, (10)

ψt
i = wi,t (1 − τ b

t νb − τ
p
t νp) + 
gt, (11)
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where wj, t is the j-type worker’s wage, gt the constant public transfer provided by
the government to legal workers (i.e. when the individual is young) and pt + 1 the
public pension transfer perceived at retirement. The income tax rate, τ b

t , and the
pension contribution rate, τ

p
t , are used to finance the general government budget

and pensions, respectively. Undocumented workers are assumed to contribute to
the government budget by paying a fraction νb of the income taxes, and a fraction νp

of the pension contributions, paid by legal workers.11 Undocumented workers are
eligible for specific public expenditures (e.g. urgent medical care, public education
for their children). Therefore, they impose a cost on the government budget and
the fraction of the transfers that an undocumented individual receives is denoted
by 
. However, they are not entitled to transfers from the public pension system
when they retire.

Maximizing (8) subject to (9) yields per capita consumption and savings, which
given the logarithmic utility function, are a constant fraction of the disposable
life-cycle income:

cj,t = ψt
j

1 + β
, (12)

sj,t = βψt
j

1 + β
− pt+1

Rt+1
, (13)

dj,t+1 = βψt
j

1 + β
Rt+1. (14)

Denoting the total number of j-type documented workers at time t with Tj, t, the
aggregate disposable income is defined as

�t =
∑
j∈Z

Tj,t

(
wj,t (1 − τ b

t − τ
p
t ) + gt + pt+1

Rt+1

)

+ Il,t

(
wl,i,t (1 − νbτ b

t − νpτ
p
t ) + 
gt

)
, (15)

where Z = hn, hm, ln, lm is used for notational convenience. The corresponding
consumption and savings aggregates become

Ct = �t

1 + β
, St = β�t

1 + β
− 1

Rt+1

∑
j∈Z

Tj,t+1pt+1, Dt = Rt

β

1 + β
�t−1.

(16)

2.4. The Government Budget

Income taxation collected at the rate of τ b
t constitutes the government’s revenue,

whereas the pension contribution rate, τ
p
t , finances the pay-as-you-go pension

system.12 The split between two distinct government budgets, which are assumed
to be balanced at each period t, allows to disentangle different fiscal effects. Public
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expenditures of the government consist of constant structural spending, G, and per
capita transfers, g (which is an intra-generational transfer). The pay-as-you-go
pension system collects contributions from workers and redistributes the funds
in the form of a constant pension, p, to the retired individuals (and therefore
represents an inter-generational transfer). Rearranging the two budget constraints
yields the income tax rate:

τ b
t = g

(
Nh,t + Mh,t + Nl,t + Ml,t + 
Il,t

) + G

Nh,twh,n,t + Mh,twh,m,t + Nl,twl,n,t + Ml,twl,m,t + νbIl,twl,i,t

, (17)

and the pension contribution rate:

τ
p
t = p

(
Nh,t + Mh,t + Nl,t + Ml,t

)
Nh,twh,n,t + Mh,twh,m,t + Nl,twl,n,t + Ml,twl,m,t + νpItwl,i,t

, (18)

that balance the respective budget. The presence of undocumented workers in
the economy is not neutral to the government budget. In the United States,
there is evidence that some employers report and pay taxes on the wages paid
to undocumented workers [either knowingly or unknowingly; see Becerra et al.
(2012) and the Congressional Budget Office (2007) report on the fiscal impact
of undocumented immigrants and the studies reviewed therein]. Using firms’
Unemployment Insurance wage reports for the State of Georgia, Hotchkiss and
Quispe-Agnoli (2008) check the validity of the workers’ SSN and find that 0.39%
of them (or the equivalent of “just over one million workers”) are invalid and used
by undocumented immigrants. Thus, although they do not benefit from the public
pension, undocumented workers partially pay income taxes (at compliance rate
νb) and pension contributions (at compliance rate νp), and are entitled to a fraction
(
) of the public transfer, g. Moreover, they contribute to the structural spending,
G.

2.5. Population Dynamics

Population growth rates may differ among different agent groups. For simplicity,
I assume exogenous population growth and education type. Children born in the
United States have the U.S. citizenship, independent of their parents’ national and
legal status. However, for notational simplicity, I assume here that each group of
agents grows at a specific rate (i.e. immigrant children are implicitly accounted
for in the growth rate of natives, whereas the growth rate of immigrants can be
thought of as the inflow of new immigrants). Thus, high-skilled individuals give
birth to high-skilled children and low-skilled individuals give birth to low-skilled
children. Moreover, population growth rates can differ for legal and undocumented
immigrants. Hence, population dynamics are written:

Nh,t+1 = Nh,tnh,n,t , (19)

Mh,t+1 = Mh,tnh,m,t , (20)
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Nl,t+1 = Nl,tnl,n,t , (21)

Ml,t+1 = Ml,tnl,m,t , (22)

Il,t+1 = Il,tnl,i,t . (23)

In the benchmark, the total population size and structure are assumed to remain
constant (with the skill-origin-status specific population growth rate ne, s, t = 1 �e
= h, l and s = n, m, i). This assumption is relaxed in Section 6.1.

2.6. Definition of the Equilibrium

Definition 1. The temporary equilibrium

Given a capital stock Kt, exogenous population growth rates (ne, s, t�e,
s), exogenous public transfers (g), and pensions (p), expectations about
interest rates (Re

t+1), a temporary equilibrium is a vector {ct , dt , st ,

τ b
t , τ

p
t , Yt , Nh,t ,Mh,t , Nl,t ,Ml,t , Il,t , wh,n,t , wh,m,t , wl,n,t , wl,m,t , wl,i,t , Rt } such

that

• the young worker’s level of consumption (ct) and level of savings (st) are such that
she maximizes her utility;

• the old agent’s level of consumption (dt) is such that she maximizes her utility;
• firms maximize their profit by choosing labor demands (Nh, t, Mh, t, Nl, t, Ml, t, Il, t) and

capital demand (Kt). The combination of these factors defines the level of aggregate
production (Yt);

• the wages (wh, n, t, wh, m, t, wl, n, t, wl, m, t, wl, i, t) are such that the labor markets clear;
• the gross interest rate (Rt) is such that profits are distributed;
• the income tax rate τ b

t and the pension contribution rate τ
p
t are such that the govern-

ment budget and the pension system are balanced.

The inter-temporal equilibrium
Given a level of capital (Kt) an inter-temporal equilibrium with perfect foresight

is characterized by a sequence of temporary equilibria such that

• the capital stock is given by Kt + 1 = St.

3. THE EFFECTS OF AN AMNESTY AND A DEPORTATION

This section focuses on the consequences of a migration policy implemented in
order to reduce the number of undocumented workers in the economy.13 Two
different counterfactual scenarios in which a one-time policy shock occurs (i.e. an
amnesty or a deportation) are compared to the baseline trajectory of the economy.
An amnesty allows undocumented workers, who already play a role in the economy
through the labor market and the government budget, to regularize their illegal
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situation.14 The effects of such a regularization can be contrasted to those of a
deportation, which implies the extradition of undocumented workers.

A general notation for the exogenous change in the foreign-born workforce is
used. The economy is assumed to start at the steady state (denoted s, which under
constant population can also be interpreted as period T − 2).15 The policy shock
occurs at the beginning of period T and changes the structure of the foreign-born
workforce. An amnesty implies a legalization of a fraction η of the undocumented
workers. The fraction of deported individuals is denoted by δ. The workforce
observed after the policy reform changes relative to the initial steady state (i.e. the
baseline scenario) as follows:

Ml,T = Ml,s + ςηIl,s and Il,T = Il,s (1 − η − δ) . (24)

Hence, the CES labor aggregate of the foreign-born workers becomes

Qm,T =
[
θm(Ml,s + ςηIl,s)

σM −1
σM + (1 − θm) (Il,s(1 − η − δ))

σM −1
σM

] σM
σM −1

,

(25)
where η and δ are the fractions of legalized and deported undocumented work-
ers, respectively. Imperfect substitution between undocumented and documented
workers allows to account for an improved mobility of regularized workers. More-
over, legalized immigrants can have a lower productivity, denoted by a fraction
ς � 1, than immigrants who entered the country legally. This allows to account
for a negative selection of undocumented immigrants into the illegal status. In the
benchmark results, legalized workers are perfect substitutes to legal immigrants
(ς = 1). Different assumptions are discussed in Section 6.2.

An amnesty is obtained when a fraction δ = 0 of undocumented workers are
deported and an exogenous fraction 0 < η � 1 of them are legalized.16 With δ > η

= 0, deportation occurs. The extreme case of a deportation of all the undocumented
workers can be obtained with δ = 1 and η = 0. In addition, the model allows to
account for an “attraction effect” of an amnesty e.g. a fraction of undocumented
immigrants is legalized (η > 0), while additional undocumented immigrants enter
the economy (δ < 0). This “attraction effect” might also materialize with a certain
delay as new undocumented workers arrive after having observed an amnesty (i.e.
one period later). The robustness of the results to this additional effect is checked
in Section 6.1.

The impact of a policy shock on the lifetime utility of a representative j-type
agent, born in period T, is given by17

�Uj,T = Uj,T − Uj,s . (26)

This can be rewritten as

�Uj,T = (1 + β) ln

(
1 + �ψj,T

ψj,s

)
+ β ln

(
1 + �RT +1

Rs

)

−�Vj,T where j = hn, hm, ln, lm, li . (27)
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�ψ j, T measures a j-type worker’s net income change, whereas the second term
in equation (27) captures the variation in the interest factor. An amnesty and a
deportation differ in how they impact the population structure. The latter affects
wages, returns to savings, and the net fiscal contribution of all individuals. The
different channels impacting a legal j-type agent’s intertemporal welfare (see
equation (27)) are detailed below. The effects of an amnesty are then discussed in
Section 3.3, whereas the effect of a deportation is analyzed in Section 3.4.

3.1. Short-Run Effects of a Policy Shock

In the short run, the capital stock KT is determined by the agents’ savings of the
previous period. Given the assumptions of the model (i.e. that the pension transfer
amount is constant), the retired agents in period T (born in T − 1) are only affected
by the policy shock through the impact that it has on their return on savings:

�RT = α

(
�QT

KT

)1−α

. (28)

The numerator in equation (28) captures the change in the composition of the
workforce, which depends on the evolution of the foreign-born labor aggregate
�Qm, T = Qm, T − Qm, s:18

�Qm,T > 0 ⇔ (Ml,s + ςηIl,s)
σM −1
σM − M

σM −1
σM

l,s

>
1 − θm

θm

(
I

σM −1
σM

l,s − (Il,s(1 − η − δ))
σM −1
σM

)
.

(29)

Proposition 1. In the case of an amnesty (with η > δ = 0), the sign of �Qm, T

depends on the parameter values. The higher is the legal immigrants’ relative
productivity, the more likely the foreign-born labor aggregate is to increase (i.e. a
higher θm implies a lower value of the right-hand side in equation (29)). This also
applies to the relative productivity of legalized workers (the higher is ς , the higher
is the left-hand side of the expression). Intuitively, regularized workers must at
least provide the same productivity they had as undocumented workers for the
labor aggregate to increase.

In the case of a deportation, it is straightforward to see that the foreign-born
labor aggregate decreases (i.e. �Qm, T < 0 because the left-hand side of equation
(29) is 0; see Appendix B.3).

The fraction η of immigrants whose situation is regularized receives a higher
wage and the same transfers as the legal immigrants (instead of the fraction 
, they
received as undocumented workers). The model implies, by construction, that the
fiscal channel affects workers only and not the retired agents: the workers pay an
income tax and the contribution to the pension system and receive public transfers.
The retired generation benefits from the provision of the constant pension, to which
legalized workers contribute to. Hence, retired agents (i.e. individuals born in
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T − 1) are only affected through the change in their savings’ return. For agents
born in T, the policy impacts their net income when they are young in addition to
the effect on the interest factor when they retire:

�ψj,T = (1 − τ b
T − τ

p

T )�wj,T − wj,T (�τb
T + �τ

p

T ) + p

Rs

�RT +1

RT +1
for j �= i�

�ψ�
i,T = (1 − τ b

T − τ
p

T )�wi,T − wi,s(�τb
T + �τ

p

T + τ b
s (1 − νb)

+ τ
p
s (1 − νp)) + (1 − 
)g + p

RT +1
,

(30)

where �wj, T = wj, T − wj, s represents the change in the j-type agents’ wage rate
implied by a change in the population structure with a fixed capital stock. The
following assumption is made on the values of the elasticities of substitution:

Assumption 1. In line with the existing literature [see Ottaviano and Peri
(2012); Edwards and Ortega (2016)], I assume that σ H < σ N = σ E < σ S.

This ensures that low-educated native workers’ wage rate (wl, n, t) decreases with
the size of the complementary low-educated foreign workforce (Qm, t), whereas
the high-educated native wage rate (wh, n, t) increases (see Appendix B.4):

∂wl,n,t

∂Qm,t

< 0;
∂wh,n,t

∂Qm,t

> 0. (31)

A j-type worker’s net income is therefore affected by the policy’s impact on her
gross wage rate and the net fiscal effect of the migration policy, reflected in the
change of the income tax rate, �τb

T , and the pension contribution rate, �τ
p

T . Using
the general notation, a migration policy affects these two rates as follows:

�τb
T = g(ηIs − (δ + η)
Is) − τ b

T �Wb
T

Ws

, (32)

�τ
p

T = pηIs − τ
p

T �W
p

T

Ws

, (33)

where Wb
s = Nh,swh,n,s + Mh,swh,m,s + Nl,swl,n,s + Ml,swl,m,s + νbIl,swl,i,s is

the steady state taxable income base for the government budget and W
p
s =

Nh,swh,n,s + Mh,swh,m,s + Nl,swl,n,s + Ml,swl,m,s + νpIl,swl,i,s is the steady state
taxable income base for the pension system. The first term in the numerator of
equations (32) and (33) captures the change in the composition of the population
entitled to the public transfer and the pension, respectively. The lower is the access
of undocumented workers to public transfers (i.e. the lower is 
), the higher is the
regularization’s effect on the income tax rates. The second term in the numerator
of equations (32) and (33) accounts for the change in the taxable income base due
to the evolution of the population structure. The taxable income base is affected
by the change in the wage rates of all documented workers and the change in the
taxable income of the undocumented workers (i.e. the second line in equations
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(34) and (35)):

�Wb
T = Nh,s�wh,n,T + Mh,s�wh,m,T + Nl,s�wl,n,T + Ml,s�wl,m,T

+ Il,s(w�,T η + (1 − η − δ)νbwl,i,T − (η + δ)νbwl,i,s)
(34)

and

�W
p

T = Nh,s�wh,n,T + Mh,s�wh,m,T + Nl,s�wl,n,T + Ml,s�wl,m,T

+ Il,s(w�,T η + (1 − η − δ)νpwl,i,T − (η + δ)νpwl,i,s).
(35)

The taxable income of the undocumented workers (i.e. the second line in equations
(34) and (35)) is affected by three elements. The first captures the increase in the
taxable income base due to the legalized workers (who receive wage w�, T). The
second term represents the taxable income of the remaining undocumented work-
ers, whereas the third term captures the loss of taxable income due to an amnesty or
a deportation of undocumented workers. The fiscal impact of a migration policy
results from the effects implied by the change in the population structure on
the taxable income base and the net fiscal contribution of legalized agents (i.e.
whether the additional taxes that they pay compensate for the additional transfers
that they perceive, see equations (32) and (33)). A larger taxable income base
(with �Wx

T >0 for x = b, p) decreases the income tax rate, τ b
T , and the pension

contribution rate, τ
p

T , respectively.

3.2. Long-Run Effects

Each policy considered in this paper is by assumption a one-time shock (i.e. a
“one-shot” policy) and no further changes in the population structure occur after
the shock.19 Under a constant population structure, the long-run effects in any of
the two policy scenarios depend entirely on the capital accumulation dynamics
that it generates. The difference in the inter-temporal welfare of two subsequent
generations (not directly affected by the shock) is therefore exclusively due to
the different capital levels and its implications (on income and taxation). In the
post-shock periods, the disposable income of a legal j-type agent adjusts compared
to the one of the previous generation:

�ψj,T +z = (1 − τ b
T +z − τ

p

T +z)�wj,T +z − (�τb
T +z + �τ

p

T +z)wj,T +z−1

+ p

Rt+z

�RT +z

RT +z

with z ≥ 2. (36)

Under a constant population, the wage rates (the interest factor) increase (de-
creases) with the capital level. A higher capital accumulation implied by a policy
shock thus leads to higher gross wages and a lower interest factor for the following
generations. The tax rates decrease with the taxable income base:

�τx
T +z = −τ x

T +z−1�WT +z

WT +z

with z ≥ 2 and x = b, p. (37)
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The evolution of a j-type agent’s disposable income (given by equation (36)) is
thus linked to the change in the total labor aggregate.

3.3. The Case of an Amnesty

An amnesty implies a change in the regularized workers’ gross wage (which is
likely to increase) and provides them a full access to public transfers. Simultane-
ously, legalized immigrants must comply to the payment of all income taxes and
pension contributions.

The impact of a regularization on the labor aggregate is not clear (see Proposition
1). If the latter increases, the capital–labor ratio decreases in the short run (i.e. at
constant capital stock) which leads to higher returns on the retired individuals’
savings. The less-educated workers earn lower gross wages, whereas the highly
educated workers benefit from higher wages. The fiscal impact of the amnesty
depends on the change in the net contribution of undocumented workers and the
taxable income of the legal workers. Income taxes used for the public transfer
can decrease if the additional taxes levied on the legalized workers compensate
for their additional transfers. Undocumented workers are net contributors to the
pension system (from which they cannot benefit). When the amnesty occurs in T,
the legalized workers contribute to finance the pensions of the retired individuals
and hence τ

p

T is certain to decrease (which benefits legal workers). However,
legalized individuals benefit from a pension when they are old, which weights on
the next generation of workers and impacts the contribution rate that the latter
have to pay (τp

T +1).
The generation born after the period in which the shock occurs, (T + 1) faces

a capital stock which was built up by the previous generation’s savings. These
increase if the additional income received by the legalized and the highly edu-
cated workers compensates the decrease of the less-educated workers’ income.
A higher capital accumulation implies an increase in wages which can partially
counterbalance the impact of the change in the population structure. The net effect
of an amnesty depends on the combination of these different effects.

3.4. The Case of a Deportation

The deportation of a fraction δ of the undocumented workers decreases labor in
efficiency units (see Proposition 1).20 Thus, the capital–labor ratio decreases and
reduces the return on the retired individuals’ savings. The latter are therefore cer-
tain to lose from the deportation of undocumented workers. The lower workforce
implies, under Assumption (1), a decrease (increase) in the high-educated (low-
educated) workers’ wages. The fiscal impact of a deportation depends on the net
contribution of the deported workers and their impact on the taxable income of re-
maining workers. If the deported workers were net contributors to the government
budget, a deportation is likely to increase the income tax rate τ b

T . The contribution
rate to the pension system, τp

T , is certain to increase as undocumented workers are
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net contributors. The deportation of these net contributors is not compensated by
an increase in the taxable income base.

The generation born after the period in which the shock occurs, (T + 1) faces a
capital stock which was built up by the previous generation’s savings. Although
less-educated workers earn higher wages, these cannot compensate the loss of the
undocumented workforce and the lower wages of highly educated workers. The
lower capital accumulation that follows decreases wages in the long run. The net
effect of a deportation depends on the combination of these different effects.

4. SIMULATIONS

In this section, I calibrate the model to the United States, based on data for the year
2014, in order to illustrate the theoretical results presented in Section 3. Section
4.1 presents the benchmark results for an amnesty and Section 4.2 the benchmark
results for a deportation.

One period is assumed to last 30 years. Data on the composition of the work-
force by country of birth is gathered from Passel and Cohn (2016) and the latest
issue of the “Statistical Portrait of the Foreign-Born Population in the United
States” [Brown and Stepler (2016)].21 The workforce is given by the number of
employed workers in 2014 and is composed of 131,310,000 native and 27,200,000
foreign-born workers. Passel and Cohn (2016) estimate that 7,900,000 foreign-
born workers are undocumented, whereas 19,300,000 have a legal status. The
foreign-born undocumented workers therefore represent approximately 5% of the
total, and 30% of all foreign-born workers, respectively.22 In order to obtain the
skill distribution of the workforce, I apply the educational attainment of the resident
population aged 25+ provided in Brown and Stepler (2016) to the labor-force,
excluding the undocumented workers which are all assumed to be low skilled. This
yields 9,186,800 tertiary-educated immigrant workers (i.e. 47.6% of the total legal
foreign-born workforce) and 10,113,200 less-educated legal immigrant workers.
61.7% of natives have at least some tertiary education, which implies 81,018,270
highly educated and 50,291,730 less-educated natives.

GDP data and composition are taken from the Bureau of Economic Analysis
Statistics [BEA (2017b)]. The US GDP was 17,393.1 billion $ in 2014. I multiply
this figure by 30 in order to account for the period’s duration.23 The discount
factor β is fixed to 0.5 in order to approximate the share of resident consumption,
whereas the share of total government expenditures is set to 17.6% of the GDP
in 2014 [BEA (2017a)].24 The public funds are either distributed as transfers or
used for public consumption, which does not directly affect the agents’ income
and utility. A generous transfer system implies a lower public consumption. The
share of consumption expenditures on total current expenditures is 44.1% [BEA
(2017c); approximately 7.8% of the GDP] and hence 55.9% of the public income
is transferred to individuals (i.e 17.6%–7.8% = 9.8% of the GDP). In order to split
these transfers between workers and retired individuals, I divide the total expen-
ditures from the Old-Age, Survivors, and Disability Insurance Trust Fund [Social
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TABLE 1. Data used in the model for the United States

GDP (billion $) 521,793
High-educated native workers 81,018,270
High-educated immigrant workers 9,186,800
Low-educated natives workers 50,291,730
Low-educated foreign-born legal workers 10,113,200
Undocumented immigrant workers 7,900,000
Size of the government tax revenue (% of GDP) 17.6
Social spending (% of GDP) 9.8
Public pensions (% of GDP) 4.9
Income tax rate (in %)a 18.31
Pension contribution rate (in %)a 7.06

Sources: BEA (2017a, 2017b, 2017c), Brown and Stepler (2016), and aauthor’s
own calculations.

TABLE 2. Population Dynamics – different population growth rates

Pop. growth rate Benchmark Pop. Scen. 1 Pop. Scen. 2 Pop. Scen. 3

nat. high 1 1.184 1 1.184
mig. high 1 1.7265 1 1.7265
nat. low 1 1.03 1.03 1
mig. low 1 1.2332 1.2332 1
undoc. low 1 1 1 1

These scenarios are shown in Figure 5c.

Security Administration (2017)] by the total amount of transfers given to agents.
This gives a share of 50.41% of the transfers distributed to retired individuals
as a pension (whereas the remaining 49.59% are distributed to workers). I use a
50%–50% split in the benchmark and test the impact of changing this assumption
in Section 5. The constant per capita transfer and the public pension are

g = φbYt

Nt
h,t + Mt

h,t + Nt
l,t + Mt

l,t + 
It
l,t

, (38)

p = φpYt

Nt−1
h,t + Mt−1

h,t + Nt−1
l,t + Mt−1

l,t

, (39)

where φb = φp = 0.098 · 0.5 = 0.049 denote the share of GDP devoted as a
transfer to the workers and the retirees, respectively, and the superscript (t or t −
1) denotes the agents’ period of birth. Finally, the income tax rate, τ b

t , and the
pension contribution rate, τ

p
t , are set to balance the government budget and the

pension fund. As shown in Table 1, the resulting values are τ b = 18.31% and τ p

= 7.06%, respectively.25
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The access of undocumented workers to public services (i.e. transfers) and their
partial compliance to tax payments are crucial in order to determine the fiscal
impact of migration policies. ITEP (2016) assumes an income tax compliance rate
of 50% in order to evaluate the undocumented immigrants’ contribution to state
and local taxes (see also the references therein). They obtain an effective tax rate of
undocumented workers of 8%. I assume the same compliance rate of 50% (which
is equivalent to assuming that all undocumented workers pay half the income tax
rate of documented workers; νb = 0.5) and obtain an effective tax rate of 9.2%.
The Social Security Administration (2013) estimates the net contribution of un-
documented workers to the Old Age, Survivors and Disability Insurance program
(OASDI) to approximately 12 billion $ in 2010. Assuming a compliance rate of
50% of undocumented workers to the pension contributions, νp = 0.5, implies a
net contribution of 7.9 billion $ in the benchmark calibration of the model. Hence,
income taxes are slightly overestimated, whereas pension contributions are likely
to be underestimated in the benchmark. The compliance to income taxation and
pension contributions is varied in Section 5 as a robustness check. The proportion
of transfers to which an undocumented agent qualifies for is hardly quantifiable
as, by definition, undocumented immigrants are in general not entitled to public
support. Nevertheless, in many developed countries, several exceptions exist, like
urgent medical care provision or children’s school enrollment. However, fear of
being reported by public servants may reduce the application of undocumented
immigrants to benefits they could, at least in theory, benefit from. In order to reflect
the cost imposed by undocumented immigrants on the budget, they are assumed
to receive 30% of the public transfer (i.e. 
 = 0.3) in the benchmark, whereas
Section 5 assesses the impact of varying this value on the results.

The capital’s share of output α is set to 0.3 and the elasticities of substitution are
taken from the literature.26 The estimates for σ H range from 1.3 [Borjas (2003)]
and 1.5 [Katz and Murphy (1992)] to 2 [Angrist (1995)] and 3 [Ottaviano and Peri
(2012)]. The values for σ N, the substitutability between native and foreign-born
agents belonging to the same skill group, range from 6 [Manacorda et al. (2008)]
over 20 [Ottaviano and Peri (2012), Card (2009) for the United States and D’Amuri
et al. (2010) for Germany] to infinity [Borjas et al. (2008)] depending on the
assumptions and data used.27 To the best of my knowledge, no estimator has been
provided for the elasticity of substitution between documented and undocumented
workers in the literature. I follow the strategy in Edwards and Ortega (2016) and
set it to σ M = 1,000. In the benchmark estimation, I follow Ottaviano and Peri
(2012) and Edwards and Ortega (2016) and use σ H = 3, σ E = σ N = 20, and σ M =
1,000. Robustness checks in Section 5.3 highlight the impact that different values
have on the results.

The relative productivity parameter for highly educated agents (θh) is calibrated
in order to match a skill-premium between highly and less-educated native workers
of 80%. This corresponds approximately to the difference in weekly wages of
U.S. natives in the “Professional and business services” sector relative to the
weekly average in the “Agriculture” sector [see Table 3 in Edwards and Ortega
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TABLE 3. Population Dynamics – nb. of undoc. workers

nb of undoc. workers Benchmark Ileg. Scen. 1 Ileg. Scen. 2

Il, T − 1 7,900,000 7,900,000 7,900,000
Il, T 0 3,950,000 0
Il, T + 1 0 0 3,950,000

These scenarios are shown in Figure 5d.

(2016)]. The relative productivity parameter between highly educated natives
and immigrants (θ e) is calibrated such that both types of workers earn the same
wage [as it is the case for the “Professional and business services” sector; see
Table 3 in Edwards and Ortega (2016)]. Given that the model does not consider
skill upgrading by regularized workers (i.e. regularized workers cannot take high-
skill jobs), the labor aggregate of highly educated workers is not affected by the
policy shock and hence this assumption has no impact on the results (as shown in
Appendix D.1). The relative productivity parameter of less-educated natives (θn)
is calibrated in order to match a wage premium of 20% over legal immigrants. This
is roughly the wage premium observed for natives in the “Construction” sector
[see Table 3 in Edwards and Ortega (2016)].28 The financial cost imposed by the
undocumented labor status on workers is still debated in the literature. Kossoudji
and Cobb-Clark (2002) estimate, from panel data on legalized immigrants, a wage
penalty of 14% to 24% for undocumented workers due to their status. Taking into
account national origins, Borjas and Tienda (1993) find that the legal workers earn
up to 30% higher wages in similar positions. I calibrate θm in order to match a
status premium of 60% between documented and undocumented workers, which
is approximately the premium observed in the “Construction” sector [see Table 3
in Edwards and Ortega (2016)]. The values obtained for the relative productivity
parameters are θh = 0.6444, θ e = 0.5272, θn = 0.4456, and θm = 0.6154. I check
the robustness of the results by varying the wage premia in Appendix D.1. Table 1
summarizes the data used for the simulations.

4.1. The Impact of an Amnesty – Benchmark Results

In the benchmark amnesty scenario, it is assumed that 100% of the undocumented
workers are regularized (η = 1, δ = 0). Even though a 100% legalization rate
is never observed in reality [Levinson (2005)], this scenario allows to highlight
the potential upper-bound effects of an amnesty. Figure 1 shows the impact of
a migration policy on the lifetime utility of a low- and high-skilled native, born
in period t, respectively. The average native’s welfare, accounting for the skill
structure of the native population, is also provided. Each curve represents the
deviation of the lifetime utility of an individual born in t relative to the baseline
scenario where no shock occurs, as shown in equation (26). The shock occurs in
period T.
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FIGURE 1. Effects of a migration policy: amnesty and deportation. (a) Amnesty. (b) Depor-
tation. Effect of a migration policy (an amnesty in Figure 1a and a deportation in Figure 1b)
on the lifetime utility of a low-educated, high-educated, and average native individual born
in t (horizontal axis). The policy shock occurs at time T and the reference steady state utility
belongs to the generation born in period T − 2 (i.e. that is not affected by the policy shock).

Figure 1a shows that the impact of a complete amnesty on natives’ lifetime
utility is generally limited, with the change lying between −0.07% and +0.03%.
The retired agents in period T, born in period T − 1, benefit from a higher return on
their savings due to the lower capital–labor ratio implied by the increase in the labor
aggregate [see equation (28)]. This translates into a higher lifetime utility compared
to the baseline scenario (i.e. without an amnesty). The workers born in period T, in
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which the shock occurs, are impacted through several channels. The increase of the
labor aggregate decreases less-educated workers’ wages by 1%. The lower wages
of the less-educated natives are however more than compensated by the higher
wages of the highly educated natives (+0.05%) and the regularized individuals.
The taxable income base therefore increases, which reduces the income tax rate
(−0.054 percentage points). In the period of the shock, legalized individuals
contribute to finance the pension of retired individuals without yet imposing a
cost on the system (as they perceive pensions only one period later). The pension
contribution rate decreases by 0.12 percentage points.

The higher income base implies a higher capital accumulation in the long run.
However, the capital–labor ratio remains below the baseline level which translates
into a higher interest rate and lower wage rates. In addition, under a constant
population structure, the increase in taxable income base leads to a lower income
tax rate, τ b. On the other hand, the fact that legalized individuals in period T
have access to pensions in period T + 1 increases the pension contribution rate
τ p. The combination of these different channels leads to a slight increase in
highly educated natives’ welfare in the long run. The negative impact on wages
dominates the other channels for the less-educated natives, such that their lifetime
utility decreases compared to the baseline scenario.

4.2. The Impact of a Deportation – Benchmark Results

In the benchmark deportation scenario, it is assumed that 100% of the undoc-
umented workers are expelled (η = 0, δ = 1). This rather extreme assumption
allows to compare this policy to a complete amnesty. The change in the total
number of workers (and thereby the labor aggregate) at time T constitutes the
main difference between a deportation and an amnesty. Note that tracking and
expelling undocumented residents is done at no cost such that the impact of a
deportation should be seen as a lower bound.

Figure 1b shows that the impact of a deportation on a native agent’s lifetime
utility ranges between −0.07% and +0.12%. Decreasing the size of the workforce
through a deportation of the whole undocumented workforce decreases the capital–
labor ratio. This decreases the interest factor that retired individuals (in period T)
receive on their savings. Less-educated native and immigrant workers benefit from
an increase of 1.9% and 3.9% in their respective wages. The high-skilled wage
decreases by 0.1%. Even though undocumented workers are net contributors to
the government budget, the income tax rate τ b decreases in the short run (−0.037
percentage points) due to the increase in less-educated workers’ wages. This
decrease is however lower than under an amnesty. The pension contribution rate
increases in period T, as undocumented workers are net contributors to the pension
system.

In the long run, capital accumulates less than under the baseline scenario,
implying a lower (higher) increase (decrease) in less-educated (highly educated)
workers’ wages. The lower capital–labor ratio also implies a slightly higher interest
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factor. The higher wages of less-educated workers are however not enough to
compensate for the loss of the undocumented workers’ fiscal contribution, such
that the income tax rate and the pension contribution rate are higher in the long
run. The combination of these different elements leads to an improvement of
less-educated natives’ welfare in the long run, whereas highly educated natives
experience a welfare loss. The average native’s welfare is also below the baseline
scenario (i.e. without a policy shock).

5. SENSITIVITY ANALYSIS

This section analyzes the robustness of the benchmark amnesty results to a change
in different characteristics of the economy.29 Section 5.1 changes the structure
of the government budget along different dimensions. These include the share of
public consumption, the amount of the pension, the compliance of undocumented
workers to the payment of income taxes and pension contributions and the undoc-
umented workers’ access to the public transfers. Section 5.2 changes the number
of undocumented immigrants affected by a policy using several variants, whereas
Section 5.3 analyzes the impact of different elasticities of substitution. Section 6
reviews some additional mechanisms absent in the benchmark model.

5.1. Structure of the Government Budget

Figure 2 depicts how changing various key parameters of the model affects the
impact of an amnesty on the average native’s welfare. This captures the role
played individually by each parameter and allows a deeper understanding of the
mechanisms at hand. The following results relate to a full liberalization, if not
stated otherwise.

Figure 2a highlights the effects of an amnesty for different values of the public
consumption (expressed as % of GDP). The 0% line shows the case where no
public funds are consumed (and hence all income taxes are transferred to the
agents), whereas the 17.6% line captures the case where the whole government
budget is consumed (and hence the agents receive no transfers or pensions). In
the latter case, the new steady state welfare is slightly above the initial value.
Legalizing workers implies a higher income tax base in this case, which serves to
finance the infrastructure (i.e. a fixed cost which does not enter the utility function
of the representative agent). Legalized workers do not receive any form of transfers
but fully contribute to the public expenses (due to full compliance to the payment
of income taxes) which reduces the tax burden on native workers. On the other
hand, if the whole budget is spent on transfers, average native welfare decreases
more than under the benchmark calibration. The reason is that the regularized
workers’ net contribution is lower. As undocumented workers, they subsidize the
legal workers’ transfers. Once regularized, they have access to the same transfer
amount.
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FIGURE 2. Robustness to a change in the structure of public finances. (a) Public consumption
(as % of GDP) (b) Share of public funds devoted to pensions. (c) Contribution to the
government budget (νb). Contribution to the pension system (νp). (e) Discrimination in the
access to transfers (
). Note: Sensitivity of an average native’s welfare (born in period t)
to a change in different parameters defining the structure of the public finances with an
amnesty occurring at time T.

Figure 2b highlights the impact of an amnesty under different assumptions
for the share of public funds devoted to pensions (i.e. transfers to the retired
generation). In the absence of a pension system, the complete fiscal impact of un-
documented workers falls on the general government budget, which is composed
of a structural expense and transfers to the workers (i.e. a unique intra-generational
transfer). The income tax rate increases in the short run as the increase of the legal-
ized individuals’ wages is not enough to compensate for the additional transfers
that they perceive and the impact that they have on legal workers’ wages. Indi-
viduals born at the period of the shock are particularly harmed. However, capital
accumulation implies that the average native worker is better off in the long run. A
full dedication of public transfers to the pensions (i.e. a unique inter-generational
transfer), substantially decreases the pension contribution rate τ

p

T used to finance
pensions in the period of the shock, which improves the native agent’s welfare
beyond the benchmark level. However, once they retire, the regularized individuals
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have access to the full pension and thus total pension expenses exceed the bench-
mark level. Hence, average native welfare is below the benchmark level in the
long run.

Figure 2c shows the impact of varying the undocumented workers’ compliance
to income taxation (νb) while keeping compliance to the pension contributions
(νp) at 50%. If only 10% of undocumented workers pay income taxes, a complete
amnesty has a stronger positive impact on the government budget due to the full
compliance to income taxation that it generates. If undocumented workers already
fully comply to income taxes, a legalization generates a higher fiscal burden, as
the legalized individuals benefit from full access to public transfers while their
contribution only increases due to their higher wages. Average welfare is therefore
lower in the full compliance scenario. Figure 2d shows the impact of varying
the undocumented workers compliance to the pension contributions (νp) while
keeping compliance to income taxation (νb) at 50%. The pension system differs
from the general government budget because undocumented workers contribute
to the fund without being able to perceive any transfer from it (i.e. they are net
contributors). The lower is the initial compliance rate, the higher is the additional
contribution to the system at the period of the shock (as legalized workers only
perceive the pension one period later) and the stronger is the decrease in the pension
contribution rate. This explains why the impact of an amnesty is less negative under
low compliance than in the benchmark. If undocumented workers fully comply
to the payment of pension contributions, a legalization affects the pension system
only through its impact on wages. The increase of legalized workers’ wages can
compensate for the decrease of the legal workers’ wages, thereby leading to a
reduction of the taxation rate, which is however smaller than in the benchmark.

Figure 2e shows the importance of undocumented immigrants’ access to the
public transfer. The higher is availability of public support for undocumented
workers, the lower is the fiscal effect of a regularization given that it generates a
lower additional fiscal burden and a higher taxable income base. If undocumented
workers receive only 1% of the transfers prior to regularization (
= 0.01), the
average native loses at most 0.03% of her welfare with regularization. On the other
hand, the absence of discrimination in the access to public transfers (
 = 1) leads
to a pure increase in the fiscal base. The decrease in the income tax rate is enough
to compensate for the lower wages of less-educated native workers such that native
workers’ net income is higher in the long run. Thus, the average native’s welfare
level is above the benchmark amnesty and close to the baseline value.30

5.2. Number of Undocumented Immigrants

Figure 3 analyzes the impact of changing the number of undocumented workers
affected by a policy. Figures 3a and 3b show the effect on average native welfare of
regularizing or deporting a lower fraction of the undocumented workers, respec-
tively. Reducing the share of the 7.9 million undocumented individuals affected
by the policy mitigates its impact. The average retired and working native benefit
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less from an amnesty, whereas the long-term impact is less negative than under a
full amnesty. In the case of a deportation, the average retired individual (i.e. born
in T − 1) experiences a lower decrease in welfare, whereas the average native
worker benefits less from it. The long-run average welfare level is also above
the benchmark one. In Figures 3c and 3d, the two shocks are simulated in the
benchmark economy with a lower (5 million) or a higher (12 million) number of
undocumented workers. The results for both scenarios with a lower number of
undocumented immigrants follow the same rationale as the scenarios presented
in Figures 3a and 3b (i.e. a mitigation of the policy’s impact). A higher number
of undocumented workers amplifies the effects observed in the benchmark. A
legalization of 12 million undocumented workers increases benefits to retired
individuals but decreases benefits to the workers and the long-run average native
welfare level. A deportation of the same number of individuals, decreases retired
individuals’ welfare but increases that of the native workers. Reduced capital
accumulation however implies a long-run welfare level below the benchmark one.

5.3. Sensitivity to the Elasticity of Substitution

Figure 4 underlines the impact of changing the different elasticities of substitution.
In each alternative scenario, the value of one of the four elasticities is varied while
the remaining three elasticities are kept at their respective benchmark level (which
are σ H = 3, σ E = σ N = 20, and σ M = 1, 000). Note that all the combinations of
the elasticities of substitution respect Assumption (1). The values chosen are in
general quite extreme and do not necessarily rely on estimations from the empirical
literature. The purpose of this section is to highlight to what extent varying the
values of these elasticities can change the results.

Figure 4a shows that a higher substitutability between less and highly educated
workers (i.e. a higher σ H) reduces the negative impact of a policy affecting the
composition of the less-educated immigrant labor aggregate. In this case, the
labor aggregate increases more than in the benchmark. High-skilled wages in-
crease less, whereas less-educated wages decrease less. However, the interest rate
increases and the income tax rate decreases slightly more relative to the bench-
mark simulation. Figure 4b highlights that the elasticity of substitution between
highly educated natives and immigrants does not impact the results because the
high-skill labor aggregate is not directly affected by a migration policy focusing
on less-educated immigrants. The elasticity between less-educated natives and
immigrants is of particular importance (see Figure 4c). A low value of σ N implies
a high complementarity between less-educated natives and immigrants, which
mitigates the decrease of less-educated natives’ wages [as it is the case for σ N = 6,
which is the lowest value estimated in the literature, see Manacorda et al. (2008)]
and their long-run welfare loss.

The most disputable calibration choice is the value for the elasticity of sub-
stitution between legal and undocumented foreign-born workers, which has not
been estimated in the literature so far. I follow the strategy of Edwards and Ortega
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472 JOËL MACHADO

(2016) and set a high initial value for this parameter (σ M = 1, 000). This value is
already so high that increasing it further barely affects natives’ welfare. However,
if a higher complementarity is assumed, with σ M = 20, the less-educated natives’
wages decrease less, whereas the highly educated natives’ wages increase more
than in the benchmark scenario. Capital accumulation therefore increases which
leads to a higher long-run average welfare level.

6. ADDITIONAL MECHANISMS

This section discusses three additional mechanisms absent in the benchmark
model. Section 6.1 analyzes the impact of population dynamics. Section 6.2 ac-
counts for a lower productivity of legalized workers, whereas Section 6.3 assumes
that undocumented immigrants are discriminated on the labor market.

6.1. Population Dynamics

The benchmark calibration assumed a constant population. In this section, the
population size changes using two different approaches. The first set of simula-
tions allows for different population growth rates ns, t, for s = hn, hm, ln, lm,
from period T on (i.e. retired individuals in T are not affected). Note that the
undocumented workforce is kept constant (and equal to 0 after a regularization).
Three different scenarios, detailed in Table 2, are compared to the benchmark.
“Pop. Scenario 1” uses a skill-specific population growth rate, calibrated on the
population projections of the U.S. Census (2014) for the period 2015–2040. The
native and foreign-born populations are projected to grow by 12.5% and 46.8%,
respectively. In order to account for skill-specific population growth rates and
for the increasing trend in educational attainment, the native and foreign-born
tertiary-educated population is assumed to grow 40% and 15% faster than the
respective less-educated population group. This allows to consider a catch-up of
the immigrant population in terms of educational attainment. “Pop. Scenario 2”
assumes a constant highly educated population and uses the growth rates for the
less-educated population from “Pop. Scenario 1”. Hence, the fraction of highly
educated individuals among the total population decreases in this scenario. “Pop.
Scenario 3” assumes a constant less-educated population and uses the growth rates
for the highly educated population from “Pop. Scenario 1”. Hence, the fraction of
highly educated individuals among the total population increases.

Figures 5a and 5b show the impact of an amnesty under the three different
scenarios on a highly educated and a less-educated native’s welfare, respectively.
The population size is only affected from period T + 1. Hence, retired individuals
in period T (born in T − 1) are not impacted by the change in the population
growth. Native workers, born in T, are only affected by a change in the return on
savings when they are old. The lung-run impact of a policy shock in the presence of
population growth is affected by two main channels. First, the effect of a policy that
changes the structure of the population dissipates with an increasing population
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size: e.g. changing the status of 5% of the total population size at period T has
a different impact on individuals living in period T + 3 if the population size is
constant or doubles over that time period. Second, the effect of a change in the
population’s skill-composition varies with the education level of the individual.
The differential population growth rates affect the wages, the income tax rates and
the pension contribution rate of generations born after period T. The fiscal burden
increases with the population size, whereas income taxation tends to decrease with
the share of highly educated workers in the economy (because it is proportional
to the wages).

The number of less and highly educated individuals increases in “Pop. Scenario
1”, although the share of the latter in the total population increases over time. As
all the labor aggregates increase, the impact of an amnesty dissipates over time
relative to the benchmark scenario. The long-run increase (decrease) in highly
educated (less-educated) wages is mitigated. The capital–labor ratio increases
over time. Although this has a negative impact on the returns to savings, the lower
decrease in less-educated native workers’ wages improves their welfare relative
to the benchmark scenario. The positive long-run impact of an amnesty on highly
educated natives’ welfare is however mitigated by its lower impact on wages. In
“Pop. Scenario 2,” the share of less-educated natives in the population progres-
sively increases, whereas the number of highly educated workers remain constant.
As the less-educated labor aggregate increases, the negative long-term effect of
the amnesty on the less-educated wage rates dissipates. This effect dominates the
other channels and leads to a lower long-run welfare decrease for the less-educated
workers. The decrease in the labor aggregate reduces capital accumulation and
increases income taxation. The combination of these channels decreases the long-
run welfare of highly educated native workers below the benchmark level. “Pop.
Scenario 3” implies an increase in the share of highly educated workers in the
economy, whereas the number of less-educated workers remains constant. The
less-educated labor aggregate does not change relative to the benchmark case,
and thus the negative impact of an amnesty on the less-educated native work-
ers’ wages remains important. The higher share of high-wage earners leads to
a stronger capital accumulation and a lower interest factor. The income tax rate
slightly decreases at the same time. The combination of these channels, and the
fact that an amnesty mainly affects less-educated workers, implies that its welfare
effect does not change much in the alternative scenario in which the less-educated
population is constant. The impact of a migration policy on the average native
welfare level, depicted in Figure 5c, is a combination of the channels described
above and a population composition effect. For example, although the effect of
an amnesty under “Pop. Scenario 3” is close to the benchmark for both groups of
natives, the average native welfare level shows an increasing trend. This is due to
a pure population composition effect: the average native is increasingly educated,
and thus less affected by an amnesty.

In the second set of robustness exercises, an amnesty can serve as a signal for new
prospective immigrants, who hope that such a procedure is repeated in the future
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(see Table 3 for details). Thus, although intended as a means to manage existing
stocks of undocumented workers, an amnesty can motivate new entries through this
“attraction effect.” 31 “Ileg. Scenario 1” assumes that the regularized population is
replaced at a 50% rate by new undocumented workers. Hence, while 7.9 million
undocumented workers are regularized, the undocumented workforce in period
T increases by 3.95 million new undocumented individuals. “Ileg. Scenario 2”
assumes that the “attraction effect” materializes one period after the amnesty.
Hence, in period T, the full undocumented population is regularized while 3.95
million new undocumented individuals arrive at the beginning of period T + 1.
Note that after these different shocks, the undocumented population is assumed to
remain constant in all the scenarios.

Figure 5d compares these two scenarios with the benchmark. “Ileg. Scenario
1” increases the undocumented workforce in the period of the amnesty, T, thereby
decreasing the capital–labor ratio, which benefits the retired agents (born in T −
1). At the same time, the higher labor aggregate decreases wages further, which
is not offset by the positive contribution of these new undocumented workers to
the government budget. Hence, the average native is worse off in the period of
the shock. These mechanisms are delayed in “Ileg. Scenario 2,” where the inflow
of new undocumented workers arrives one period later. Hence, the impact of
these undocumented immigrants only occurs through the interest rate that natives
perceive in period T + 1 (i.e. wages in T are not affected). As in the previous
scenario, new arrivals are particularly detrimental for the workers of that period
(here, T + 1) who receive lower wages. The long-run population is higher than the
benchmark level and identical in both alternative scenarios. Capital accumulation
is therefore higher, which implies an equilibrium above the benchmark one.

6.2. Lower Productivity of Legalized Workers

In this section, regularized workers are assumed to have a lower productivity than
documented immigrant workers [ς<1 in equation (25)]. This allows to account
for a negative selection of undocumented immigrants into the illegal status (i.e.
assuming that undocumented immigrants are, on average, inherently less pro-
ductive). Amuedo-Dorantes and Bansak (2011) find evidence on occupational
mobility among individuals legalized under the IRCA, though the impact on their
labor market participation is mixed [see also Casarico et al. (2016) for a theoretical
framework]. In a recent study using New Immigrant Survey data, Lofstrom et al.
(2013) analyze how acquiring Legal Permanent Resident status influences labor
market outcomes for previously undocumented workers. They do not find evidence
of improved employment outcomes attributable to legal status for the low skilled.

Setting the productivity parameter ς<1 leads to a lower increase in the labor ag-
gregate, which reduces the return on savings and the welfare of retired individuals
in period T (see Figure 6). If the relative productivity parameter is sufficiently low,
legalized workers are less productive than they were as undocumented workers.
The labor aggregate decreases in that case, which implies a lower return rate on the
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FIGURE 6. Different productivity of legalized workers. Note: Sensitivity of an average
native’s welfare (born in period t) to a change in the relative productivity of a legalized
worker with an amnesty occurring at time T.

retired agents’ savings (as it is the case in the scenario with ς = 0.5). The impact
on the young generation is more mitigated. The lower increase in the less-educated
labor aggregate leads to a lower decrease of the less-educated wage rates, whereas
the highly-educated workers’ wages increase less. A lower ς implies lower wages
for the regularized workers, who therefore contribute less to the government budget
and the pension system (while they perceive the same transfers). Hence, the lower
are the legalized workers’ wage rates, the higher are income tax rates. The lower
net incomes lead to lower capital accumulation and thus to long-run average native
welfare levels below those observed in the benchmark.

6.3. Discrimination

In this section, I explore alternative explanations for the lower wages of undocu-
mented migrants and address the consequences of an immigration policy reform
under these assumptions. Rivera-Batiz (1999) argues that only half of the 41.8%
wage premium that legal immigrants have over undocumented immigrants can be
explained by observable characteristics. In the model, this traduces in employ-
ers being able to pay undocumented workers below their marginal productivity.
Palivos (2009) provides an alternative explanation based on a Nash bargaining
model for the wages, where an undocumented immigrant has an outside option far
below the legal migrants’ wage rate and therefore accepts to work for a discounted
wage. In the presence of labor market discrimination, the representative firm
extracts a rent by paying undocumented workers a fraction γ<1 of their marginal
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product (wl, i, t). The firm’s problem can be written as

max
Zt ,Il,t

π = AKα
t Q1−α

t − wh,n,tNh,t − wh,m,tMh,t − wl,n,tNl,t − wl,m,tMl,t

− γwl,i,t Il,t − RtKt , (40)

where Zt = Nh, t, Mh, t, Nl, t, Ml, t, Kt and γ represent the fraction of her marginal
productivity that an undocumented immigrant receives (and hence 1−γ represents
the extent of discrimination on the labor market). In the absence of controls and
sanctions for hiring undocumented immigrants, the firm thus hires the complete
fixed stock of undocumented workers.

Alternatively, it can be assumed that the lower wages are due to the risk of
financial sanctions for hiring undocumented workers passed on to them by the
firm [see Chau (2001)]. In that case, the representative firm maximizes profits as
follows:

max
Zt ,Il,t

π = AKα
t Q1−α

t − wh,n,tNh,t − wh,m,tMh,t − wl,n,tNl,t − wl,m,tMl,t

−wl,i,t Il,t − ςIl,t − RtKt , (41)

where ς represents the cost for hiring one undocumented worker (e.g. a sanction).
Both interpretations lead to a wage below marginal productivity for undocumented
immigrants, which is equivalent when ς = wl, i, t(γ − 1). The difference between
the two approaches is that the funds collected through sanctions would increase
the government budget, whereas the rent is distributed directly to the legal capital
owners (i.e. retired individuals).32 While the micro foundation might be clearer in
the case of a fine, it is hard to argue that an amnesty would lead to a significant
decrease in the public revenues through the lower amount of sanctions collected,
given that these are rarely imposed in practice.33

If the firms pay undocumented immigrants below their marginal productivity,
the dividend to be distributed is equal to the total rent captured by the capital
holders divided by the number of retired legal agents (i.e. born in T − 1):

�t = (1 − γ )I t
l,twl,i,t

Nt−1
h,t + Mt−1

h,t + Nt−1
l,t + Mt−1

l,t

. (42)

The per capita rent received by legal workers is added to their lifetime budget
constraint:

ψt
j = wj,t (1 − τ b

t − τ
p
t ) + g + p + �t+1

Rt+1
for j = hn, hm, ln, lm. (43)

Hence, legal workers’ welfare is additionally affected by the migration policy’s
impact on the rent:

��T = (1 − δ)(1 − γ )I t
l,twl,i,T

Lt−1
T

− (1 − γ )I t
l,twl,i,t

Lt−1
t

= (1 − γ )I t
l,t�wl,i,T − δ(1 − γ )I t

l,twl,i,T

Lt−1
t

, (44)
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where Lt−1
t = LT −1

T = NT −1
h,T + MT −1

h,T + NT −1
l,T + MT −1

l,T denotes the number of
legal retirees in period T (born in T − 1). The first term in the numerator of
equation (44) captures the effect of a regularization on the rent extracted among the
remaining undocumented workers. This term increases if the legalization increases
the wage paid to the remaining undocumented workers. The second term captures
the loss due to the decrease in the number of undocumented workers. Note that
for the rent, the impact of a deportation is similar to the one of regularization: the
number of undocumented workers on which a rent is captured decreases. The only
difference between both policies comes from the different impact on the wage rate
of the remaining undocumented workers, �wl, i, T. The latter decreases less under
a deportation, as the labor aggregate decreases. In the absence of labor market
discrimination, with γ = 1, the rent disappears and the benchmark framework is
recovered.

I simulate the model including the discrimination on the labor market. I first set
γ = 0.75 (i.e. undocumented workers receive 75% of their marginal productivity),
based on the rationale provided by Rivera-Batiz (1999). Palivos (2009) sets this
value to 0.71, assuming that migrants and natives earn the same wage. The model
is also simulated with γ = 0.5. The loss of the rent, which increases with the
degree of discrimination, acts differently on native agents, depending on their age.
Retired individuals, who perceive the rent extracted on the undocumented work-
ers, suffer a welfare loss which increases with the extent of the discrimination
(see Figure 7a). Wages of working natives are not additionally affected by the
discrimination of undocumented workers but the policy shock impacts their tax
and pension contribution rates. The higher is the discrimination that regularized
workers face, the higher is the increase in their gross wages and their fiscal contri-
bution. However, the more their wages increase, the more regularized individuals
save, which increases capital accumulation and decreases the interest factor of the
next generation. Hence, the lower return on their savings and the loss of the rent
explain why native workers are particularly harmed by the regularization. The
capital accumulation dynamics impact the trajectory of the wages and the return
rate on savings. Figures 7c and 7d show that both less and highly educated natives
are better off after a regularization in the long run if there is some discrimination
on the labor market.

A deportation in the presence of discrimination is particularly harmful to cap-
ital owners as in addition to the loss of the rent, the return rate that they per-
ceive on their savings decreases with the reduction of the labor aggregate (see
Figure 7b). Less-educated native workers’ wages increase, but this cannot com-
pensate the loss of the rent and the lower return rates that they receive in the
next period. Average native welfare is thus below the benchmark level. In addi-
tion, the higher is discrimination, the lower is the contribution of undocumented
workers to the budget because taxation is proportional to wages. Thus, deporta-
tion under strong discrimination can have a positive impact on the government
budget, which leads to a long-run average welfare level above the benchmark
one.
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FIGURE 7. Impact of labor market discrimination of undocumented immigrants. (a) Amnesty with discrimination. (b) Deportation with discrimi-
nation. (c) Amnesty with discrimination – low-skilled native (d) Amnesty with discrimination – high-skilled native Note: Sensitivity of an native’s
welfare (born in period t) to the inclusion of labor market discrimination of undocumented workers with an amnesty occurring at time T.
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7. CONCLUSION

This paper develops a simple and tractable two-period OLG model in order to
analyze the impact of an amnesty and a deportation of undocumented workers on
different types of native agents’ welfare throughout their life-cycle. The model
accounts for the role played by undocumented workers in the economy: they
work, partially pay taxes and pension contributions, and benefit from some public
transfers. It allows to discuss several reasons provided in the literature to explain
the different wages between legal and undocumented workers (i.e. a different
inherent productivity, hiring costs due to a risk of sanctions, status discrimination,
etc.) and their impact on the evaluation of the consequences of migration policy
reforms. Moreover, it can be used to compare the short- and long-run effects of an
amnesty and a deportation.

There are two main channels through which undocumented immigrants impact
native workers: the labor market (i.e. wages) and the social security system (i.e.
public transfers and pensions). The impact of a policy reform intended to reduce
their number on the labor market depends on how it changes the workforce.
An amnesty is likely to increase workers’ production in the economy, whereas a
deportation unambiguously decreases it. An amnesty increases the wages of highly
educated workers which are complementary to the regularized less-educated im-
migrants. Less-educated native wages, on the other hand, are likely to decrease. A
deportation increases less-educated workers’ wages but reduces highly educated
wage rates. The fiscal impact of a migration policy depends on the net fiscal contri-
bution of the regularized workers. The latter contribute to the sustainability of the
pension system in the short run. Once legalized, they have access to all the transfers
and they fully comply to the payment of taxes and pension contributions. Moreover,
the higher wages that they earn increase the taxable income base. The total effect
of a migration policy results from the combination of these different channels.

The model is calibrated in order to analyze the welfare impact of the two
migration policies in the United States. The benchmark simulation considers a
liberalization and a deportation of the entire undocumented workforce (estimated
at approximately 7.9 million workers) and shows that the impact of both policies
on natives’ welfare lies between −0.1% and +0.15%. A legalization implies lower
income tax rates which do not fully compensate the decrease in the less-educated
natives’ wages. On the other hand, highly educated natives’ wages increase. Their
long-run welfare level therefore exceeds its baseline value, whereas less-educated
natives’ welfare is below its reference level. A deportation reduces return rates on
retired individuals’ savings and increases contribution rates to the pension system.
The less-educated wage rate increases, whereas the highly educated wage rate
decreases, which leads to an increase of the income taxation rate. In the long run,
capital accumulation is slowed down but higher wages imply a higher welfare for
less-educated natives, whereas highly educated natives’ welfare decreases.

Several robustness checks are provided. The net fiscal contribution of undoc-
umented and legalized individuals is a key factor which is difficult to extract
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from data. Varying the contribution of undocumented workers to the different
government budgets and the fraction of transfers that they perceive shows to
what extent the fiscal channel affects the evaluation of a migration policy re-
form. The higher is the fiscal compliance of undocumented workers, the lower
is their additional contribution to the budget once they are legalized. The more
public transfers they perceive, the lower is their additional impact on the budget.
This is particularly important when the social transfer system is extensive (i.e.
a high share of public funds transferred to individuals). The role of comple-
mentarities between the different types of workers is analyzed by varying the
values of the elasticities of substitution. In particular, the less native and foreign-
born (and legal and undocumented) workers are substitutable, the lower is the
negative impact of an amnesty on the average native’s welfare. Population dy-
namics matter mainly when an increase in the number of less-educated workers
allows the negative long-term impact of the amnesty on the low-skill wages to
dissipate. In the presence of discrimination of undocumented workers on the
labor market, the loss of the rent captured on them is one additional channel
through which an amnesty (or a deportation) decreases natives’ welfare. Regu-
larized individuals can be less productive than legal immigrants, which reflects
a possible negative selection into the undocumented status. The lower is regu-
larized workers’ productivity relative to the legal immigrants, the lower is the
increase in production implied by an amnesty and the less beneficial it is for native
workers.

The stock of undocumented workers has multiple effects on the economy
which materialize through the labor market and the government budget. In order
to predict the impact of an amnesty or a deportation of undocumented work-
ers, it is important to understand the mechanisms through which these policies
act. The model developed herein provides a simple and extendable toolbox to
do so.

APPENDIX A: THE SMALL OPEN ECONOMY

In a small open economy, the interest rate is dictated by the international capital markets
such that the return on capital R̄ is fixed. This implies that the capita–labor ratio is given
by

Kt

Qt

=
(

αA

R̄

) 1
1−α

. (A.1)

In this framework, capital flows into or out of the country until the interest rate equalizes
the one prevailing on the international capital markets. Thus, the capital stock in a certain
period is no longer predetermined by the savings of the previous generation and adjusts
instantaneously to changes in the return to capital.

Given that the return on savings is fixed by the international capital markets, the capital
owners living in period T are not affected by a shock on the population structure. In
the absence of labor market discrimination against undocumented workers (with γ = 1),
the capital stock adjusts in order to maintain a constant capital–labor ratio (in efficiency
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units), whatever the values of η and δ. The gross wages nevertheless change with the labor
structure, which depends on the migration policy considered. This implies a change in the
income tax rate which introduces a dynamic in the disposable income (similar to the one
presented for the closed economy). Therefore, the repartition of the capital used in the
economy between residents and foreigners, changes through the net foreign assets. The
process continues until a new equilibrium is reached.

APPENDIX B: ADDITIONAL TECHNICAL DETAILS

B.1. Wage Rates

The wage rates of the different agents are given by

wh,n,t = (1 − α) θhθe
Yt

Qt

(
Qt

Qh,t

) 1
σH

(
Qh,t

Nh,t

) 1
σE

,

wh,m,t = (1 − α) θh(1 − θe)
Yt

Qt

(
Qt

Qh,t

) 1
σH

(
Qh,t

Mh,t

) 1
σE

,

wl,n,t = (1 − α) (1 − θh) θn
Yt

Qt

(
Qt

Ql,t

) 1
σH

(
Ql,t

Nl,t

) 1
σN

,

wl,m,t = (1 − α) (1 − θh) (1 − θn) θm
Yt

Qt

(
Qt

Ql,t

) 1
σH

(
Ql,t

Qm,t

) 1
σN

(
Qm,t

Ml,t

) 1
σM

,

wl,i,t = (1 − α) (1 − θh) (1 − θn) (1 − θm) Yt

Qt

(
Qt

Ql,t

) 1
σH

(
Ql,t

Qm,t

) 1
σN

(
Qm,t

Il,t

) 1
σM

.

(B.1)

B.2. Capital Markets and Remittances

The capital market is assumed to be perfect in the sense that the savings of undocumented
agents serve the capital accumulation. In other words, it is assumed that undocumented
agents can place their savings at an interest factor Rt. This rather strong assumption does
not influence the intuition of the results. In the short term, capital is fixed and thus assuming
imperfect access to capital markets only implies a level effect. In the long run, the capital
stock does not only change due to the variations in disposable income but also due to the
additional capital belonging to the regularized individuals. An amnesty therefore has an
additional positive effect in the presence of imperfect capital market access. This channel
is reinforced in Benı́tez-Silva et al. (2011), who assume that the savings behavior of regu-
larized immigrants changes substantially (i.e. increased savings and reduced remittances)
and reinforces capital accumulation.

The benchmark model does not account for remittances. Including remittances would
demand to take into account trade imbalances between countries in order to compensate
outgoing capital flows [see di Giovanni et al. (2015)]. Benı́tez-Silva et al. (2011) stipulate
that legalized individuals’ savings behavior changes (i.e. they remit less). However, remit-
tances of legalized workers could remain important if a legalization implies a reduction
in transaction costs [i.e. due to an easier access to official transaction channels or cheaper
banking services, see Beck and Peria (2011) for a discussion on the factors that influence
costs to remit]. Moreover, legalized individuals are likely to earn higher wages. A reduction
of remittances can therefore only be observed if they reduce their propensity to remit
(while simultaneously having higher financial resources). From a conceptual and technical
perspective, the calibration of this channel poses serious challenges which are not yet
completely solved by the existing literature (e.g. justification of the reduction in remitting
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propensity, reason to remit and preference intensity, etc...). Disregarding remittances allow
for a higher tractability in the two-period model in contrast to the multi-period model
developed by Benı́tez-Silva et al. (2011).

Adding remittances and assuming that they decrease for legalized individuals would
reinforce the capital accumulation channel in my simulations as a higher amount of savings
would remain in the country. The retired agents would be unaffected (as the short-run
capital stock is given), whereas workers in the period following the amnesty would benefit
from an increased capital–labor ratio and thus an increase in their wages. Return rates on
capital would however decrease.

B.3. Change of Qm, t

The composition of the workforce is affected by the change in the foreign-born labor
aggregate �Qm, T = Qm, T − Qm, s:

�Qm,T =
[
θm(Ml,s + ςηIl,s)

σM −1
σM + (1 − θm) (Il,s(1 − η − δ))

σM −1
σM

] σM
σM −1

−
[
θm(Ml,s)

σM −1
σM + (1 − θm) I

σM −1
σM

l,s

] σM
σM −1

,

(B.2)

where the subscript s denotes the baseline variables (i.e. the initial steady state).

�Qm,T > 0 ⇔ M

σM −1
σM

l,T − M

σM −1
σM

l,s >
1 − θm

θm

(
I

σM −1
σM

l,s − (Il,s(1 − η − δ))
σM −1
σM

)
. (B.3)

B.4. Effect of a Population Shock on the Wage Rates

In order to analyze the consequences of a change in the number of foreign-born workers
on the wage rates, consider first the following results:

∂Ql,t

∂Qm,t

= (1 − θn)

(
Ql,t

Qm,t

) 1
σN

, (B.4)

∂Qt

∂Qm,t

= (1 − θh)

(
Qt

Ql,t

) 1
σH ∂Ql,t

∂Qm,t

. (B.5)

These results allow to conclude the following impact on the wage rates:

∂wh,n,t

∂Qm,t

= (1 − α)

(
1

σH

− α

)
θhθeAKα

t Q
1

σH
−α−1

t Q
1

σE
− 1

σH

h,t N
1

σE

h,t

∂Qt

∂Qm,t

, (B.6)

and thus if α < 1
σH

(which the literature suggests) sgn
(

∂wh,n,t

∂Qm,t

)
= sgn

(
∂Qt

∂Qm,t

)
. The popu-

lation shock changes the wage of a national low-educated agent as follows:

∂wl,n,t

∂Qm,t

= Z1
∂Ql,t

∂Qm,t

⎡
⎣(

1

σH

− α

)
(1 − θH )

Q

1−σH
σH

t

Ql,t

+
(

1

σN

− 1

σH

)⎤
⎦ (B.7)

obtained using (B.5) and with Z1 = (1 − α)(1 − θh)θnAKαN
−1
σN Q

1
σH

−α

t Q
1

σN
− 1

σH
−1

l,t >0.
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The values considered in the literature imply 1
σH

> α and 1
σN

< 1
σH

. The sign of this

expression is therefore a priori undefined. However, the term Q

1−σH
σH

t /Ql,t is very small as
σ H > 1 which suggests that sgn( ∂wl,n,t

∂Qm,t
) = −sgn( ∂Ql,t

∂Qm,t
).

APPENDIX C: THE CASE OF NEW LEGAL IMMIGRATION

The model can easily be extended in order to account for newly arriving legal immigrants,
i.e. individuals who are not yet active in the economy. Equation (24) becomes in that
case:

Ml,T = Ml,t (1 + ε) + ςηIl,t and Il,T = Il,t (1 − η − δ) (C.1)

such that ϵ> η = δ= 0 implies a positive shock on the size of the legal foreign low-educated
workforce (while the number of undocumented workers remains unchanged). The labor
aggregate increases (see Proposition 1) and, under Assumption (1), a positive (negative)
effect is observed on the high-skill (low-skill) wage rate. Given that the capital–labor ratio
decreases, the interest factor in this scenario increases further. Capital owners (i.e. retired
individuals) living in the period of the immigration shock are better off in the case of
new legal immigration than under the policy shocks analyzed in the paper because the
impact on the labor aggregate is higher under this scenario. The effect on the income tax
rate is ambiguous due to the new immigrants’ access to all the transfers but simultaneous
full compliance to the tax payments. The additional burden on the government budget is
higher than in the benchmark, given that the formerly undocumented workers were already
receiving part of the transfers.

APPENDIX D: ADDITIONAL ROBUSTNESS CHECKS

D.1. Skill Ratios

The robustness of the results to a change in the different skill premia is assessed in this
section. Changing one-skill premium implies a recalibration of the relative productivity
parameters θ s, �s = h, e, m, n.

Figure D.1a highlights the impact of changing the relative productivity between less and
highly educated workers. A decrease in the wage ratio between highly and less-educated
native workers is reflected in a lower (higher) relative productivity of highly educated (less-
educated) workers. An amnesty implies in this case a higher increase in the labor aggregate
Qt, which translates in a lower decrease of less-educated workers’ wages and a stronger
human capital accumulation in the long run. The average welfare is therefore above the
benchmark level.

Figure D.1b shows that the relative productivity between highly educated native and
foreign-born workers only marginally affects results as this labor aggregate is not directly
impacted by the regularization of less-educated undocumented workers. A decrease in the
wage ratio between native and foreign-born less-educated workers is reflected in a lower
(higher) relative productivity of less-educated native (immigrant) workers. Native less-
educated workers’ wages decrease more in this scenario, whereas highly educated workers’
wages increase (relative to the benchmark simulations). The impact on the net income is
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FIGURE D.1. Changing the calibration of the relative productivity parameters. (a) wh, n/wh, m. (b) wl, n/wl, m. (c) wl, m/wl, i. Note: Sensitivity of an
average native’s welfare (born in period t) to a change in the calibration of the relative productivity between different worker types with an amnesty
occurring at time T.
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FIGURE D.2. Changing the discount factor. (a) Changing β. Note: Sensitivity of an average
native’s welfare (born in period t) to a change in the value of the discount factor, β, with an
amnesty occurring at time T.

however positive, such that capital dynamics imply a higher long-run average welfare level
(see Figure D.1c).

Figure D.1d shows the impact of changing the wage premium implied by the legal status.
If this premium is reduced to 0, with wl, m = wl, i, the impact of an amnesty on the labor
aggregate is very minor. Hence, the interest factor is not affected and individuals born in
T − 1 benefit from a very small increase in the interest factor. The impact on workers is
however stronger. A lower relative productivity of legal workers implies a lower effect on
natives’ wage rates. Less-educated workers benefit from a marginal increase in their wages,
whereas highly educated natives’ wages decrease slightly. The positive fiscal impact of
legalized workers is reduced (as their increase in wages is lower than in the benchmark
scenario). The total net income therefore decreases, which decelerates capital accumulation
and reduces the long-run average welfare level. A higher wage premium for the legal status
on the other hand implies a higher wage increase for regularized workers which benefits
the fiscal balance and the long-run capital accumulation.

D.2. The Discount Factor, β

Figure D.2 highlights the impact of changing the discount factor. Using a lower discount
factor, such as β = 0.1, implies that individuals value the future less than in the benchmark.
Hence, the welfare impact of an amnesty on retired individuals in period T is much lower.
As current consumption is more valued by the individuals, savings decrease which reduces
capital accumulation and implies a lower average long-run welfare level. On the other
hand, a higher discount factor (e.g. β = 0.9) implies a stronger impact of an amnesty
on retired agents’ welfare, as they have higher savings. Capital accumulation is amplified
which increases the long-run average welfare relative to the benchmark.
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NOTES

1 An undocumented (or unauthorized) immigrant can be defined as a foreigner who has either en-
tered the country without legal permission or violated the terms of legal admission (e.g. by overstaying
the duration of a tourist visa). There is a large literature assessing the welfare impacts of unauthorized
immigration which is not reviewed in this paper [see the seminal paper by Ethier (1986) and Palivos
(2009) among others]. See also OECD (2006) on the importance of undocumented immigration.

2 The application of amnesties as part of a larger immigration control strategy, including border
control and internal inspections has been addressed by Chau (2001, 2003). The optimal timing and the
reasons for the implementation of an amnesty have also received some attention [Epstein and Weiss
(2001), Epstein and Weiss (2011), Karlson and Katz (2003), Casarico et al. (2016)]. Mayr et al. (2012)
considers spillover effects of an amnesty in a federation due to onward migration.

3 See Levinson (2005) and Papantoniou-Frangouli and Leventi (2000) for studies on European
countries, Baldwin-Edwards and Kraler (2009) for the EU27 and Reyneri (2001) for the Mediterranean
countries. Monras et al. (2017) find that the legalization of 600,000 undocumented immigrants in Spain
in 2004 likely improved the labor–market outcomes of high-skilled natives and immigrants while
it deteriorated the outcomes of some low-skilled natives and immigrants. Correcting for workers’
reallocation and selection, they estimate that each newly legalized immigrant increased payroll-tax
revenues by almost 4,400 Euros.

4 Chassambouli and Peri (2015) develop a model with search in labor markets where illegal
immigrants have a worse outside option than natives and hence accept lower wages. The presence of
illegal workers reduces the labor cost of employers who therefore have an incentive to create more
jobs per unemployed when there are more immigrants. Compared to deportation and increased border
enforcement, a legalization of 50% of the illegal workforce would imply a lower unemployment rate
for all the native workers. The decrease in wages for less-educated workers would be more than
compensated by an increase of skilled workers’ wages such that the average income per native would
increase by +0.45%.

5 A useful reference guide for OLG models can be found in de la Croix and Michel (2002).
Appendix A briefly reviews the effects of an amnesty in a small open economy framework. Relying on
a two-period model increases the tractability of the framework. Due to the long period length implied,
this framework is more suitable for the analysis of important rare events, rather than successive
migration policy reforms. A calibration on U.S. data is therefore preferred to other countries (such as
Italy or Spain) who have realized multiple amnesties in close time intervals [see Table 2 in Casarico
et al. (2012)].

6 Two additional reasons which can explain lower wages of undocumented workers are explored
in Section 6.3. The first posits that undocumented workers can be discriminated based on their status,
as they receive substantially lower wages than legal workers even after controlling for all possible
observable characteristics [Rivera-Batiz (1999)]. The second considers the risk of employer sanctions
for hiring undocumented passed on to workers [Chau (2001)]. This implies that migration policies
have an additional impact on the agents who perceive the rent obtained from the employment of
undocumented workers paid below their marginal productivity.

7 There is no unemployment or firm heterogeneity in this framework. The standard expressions
for the wage rates are detailed in Appendix B.1. See Appendix B.2 for a discussion on the underlying
assumptions affecting capital accumulation and the role of remittances.

8 Labor supply is therefore not affected by a policy shock. Passel (2007) estimated that labor
market participation in 2005 among undocumented men aged 18–64 years was 94% against 86%
among legal migrants and 83% among natives in the United States. Thus, labor market participation
should not increase further with an amnesty while a significant decrease is also unlikely under a weak
social welfare system [see also Amuedo-Dorantes and Bansak (2011)].

9 A utility cost as a function of the (total or relative) stock of undocumented workers could
be considered for legal workers (with Vj(It) > 0 for j = hn, hm, ln, lm) in order to account for
a non-economic cost imposed by the presence of undocumented workers. A regularization would
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thus decrease this term and increase the welfare of legal workers through non-economic factors. The
calibration of this term raises however some additional questions (i.e. the measure to use for the size
of the undocumented workforce, the channels through which welfare is affected, differences between
natives/legal immigrants and low-/high-educated workers etc.).

10 I therefore abstract from deriving an incentive compatibility constraint for undocumented im-
migrants which would not add any substance to the question I want to address in the paper.

11 In reality, partial compliance translates in some undocumented workers paying income taxes
while others do not. In order to avoid the introduction of one additional degree of heterogeneity, I
assume here that all undocumented workers pay a fraction of the income tax rate and the pension
contribution rate paid by legal workers.

12 Instead of modeling the fiscal adjustment through a variation in the income tax rate, public
transfers could adjust at a given tax rate without affecting the intuition of the results. A change in the
income tax rate (which is identical for high- and low-educated workers) implies a higher additional
contribution to the budget (in value) by high-wage earners compared to low-wage earners. On the
other hand, a change in the lump-sum transfer would affect low-wage earners proportionally more
because the transfer represents a higher fraction of their income [see Facchini and Mayda (2009)].
Furthermore, instead of assuming that the pension scheme adjusts through the contribution rate, the
adjustment could work through the amount transferred. In this case, retired agents’ welfare would be
affected through the impact on the returns to savings and on the level of the pension benefits. On the
other hand, at constant pension contributions (τp

t ), legal workers would only be affected by a potential
change in the wage rates and the income taxation rate (τb

t ).
13 The case of legal immigration is briefly discussed in Appendix C.
14 In order to simplify the analysis, the disutility caused by the illegal status is assumed to be

so high that the representative undocumented agent always prefers to be legalized (see equation (8)).
All the undocumented workers thus apply, allowing to study the upper-bound effects of a general
regularization. Note that an amnesty is applied to workers only (i.e. young individuals). I do not
explicitly model the reasons that motivate the government to implement the migration policy. This
would complicate the exposure of the model without substantially improving the analysis of the
consequences of a specific migration policy.

15 An individual born in T − 2 is never affected by a shock occurring in T as he will have died at
the end of period T − 1.

16 As individuals are homogeneous, it follows that if one undocumented worker applies for a
regularization, so do all the others. However, only an exogenous fraction η is successful and, without
loss of generality, it can be assumed that individuals are chosen randomly until this fraction is met.

17 All the following analysis compare the amnesty scenario (in T) to the baseline scenario without
a policy shock which, in the absence of population dynamics, is equivalent to the starting steady state
in period s. Thus, the impact of an amnesty on any variable x is measured by the difference between
its value before and after the policy shock �xT = xT − xs.

18 See Appendix B.3 for more details. Under perfect substitution between legal and undocumented
immigrants, the population structure would be unaffected, leaving production, wages, and the interest
rate constant. Hence, the legal workers’ net income would only be affected by the net fiscal impact of
the amnesty (the second term in equation (30)).

19 The impact of population dynamics and of an amnesty’s “attraction effect” on new undocu-
mented workers are simulated in Section 6.1.

20 Note that no cost is incurred to search for and expel undocumented immigrants and, in that case,
the latter keep a utility Ū (which is lower than the utility of remaining in the country). Without loss of
generality, Ū can be set to 0.

21 Their estimates are based on the Census Bureau’s 2014 American Community Survey (ACS).
As a robustness check, I consider different numbers of undocumented workers in Section 5.2.

22 The number of undocumented workers used here is above the 7.07 million used in Edwards and
Ortega (2016), which are based on averages across the 2011, 2012, and 2013 waves of the augmented
ACS.
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23 I abstract from GDP and TFP growth in order to disentangle the direct impact of a policy reform
from structural trends.

24 The share of consumption in GDP that I obtain is close to 75%. This exceeds the value observed
in the data (around 68%) because the part of the government expenditures not consumed by the public
institutions (G) is transferred to individuals who consume it.

25 The average income tax rate in 2015 was 10.1%, whereas the average social insurance tax
rate was 7.5% [Joint Committee on Taxation (2015)]. The income tax rate that I obtain is higher
because the model does not account for other forms of taxation such as direct taxes or capital taxes.
Furthermore, as the budget is assumed to be balanced, there is no deficit or public debt in the
model.

26 The interest factor obtained with this calibration is 1.74, which amounts to an annual interest
rate of approximately 1.88%.

27 For workers without tertiary education in Germany, Brücker and Jahn (2011) estimate the
elasticity of substitution between 3 and 18 depending on the education level considered, whereas
Felbermayr et al. (2014) find values ranging from 7 to 28.

28 Pastor and Scoggins (2012) find a wage premium of citizenship between 8%, when controlling
for differences in observable characteristics, and 11% when in addition accounting for the sectoral
distribution of employment.

29 The results for low- and high-educated natives and for a deportation can be obtained upon
request. Appendixes D.1 and D.2 discuss the robustness of the results to different values for all the
wage premia and for the discount factor.

30 With full access to the public transfer, the first term in equation (32) vanishes under an amnesty
and the change in the income tax rate is entirely due to the policy’s impact on the taxable income base.
In the case of a deportation, the first term in equation (32) is negative (−δ
Isg).

31 The importance of the “attraction effect” is still debated in the literature. Karlson and Katz
(2003) argue that the prospect of an amnesty can be used by the government to attract un-
documented low-educated workers that are needed in the economy. However, Orrenius and Za-
vodny (2003) find that the IRCA did not affect the long-term patterns of illegal migration and
reduced apprehensions at the border right after the implementation of the law. This could be due
to lower new entries but also to reduced circular migration caused by fears of increased border
surveillance.

32 Limiting the beneficiaries of the rent to legal retirees ensures that undocumented workers do
not perceive part of the rent captured on their exploitation. Such an extension is straightforward: it
reduces the per capita amount of the rent and thereby the impact of a migration policy reform on legal
workers.

33 Following Lofstrom et al. (2013), less than 1,000 final sanction orders were emitted per year
during the 90’s while this figure dropped below 200 for most of the period 2000–2010.
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